
Willakia Vineyard Reservoir Lining and Wetland Restoration Maps 

 

 

Figure 1.  Location of Willakia Vineyard (outlined in white) 

 

 



 

Figure 2. Specific project locations at Willakia Vineyard.   

 -Current wetland (Yellow outline) 

 -Proposed wetland expansion (Orange outline) 

 -Reservoir (White outline) 



                                                                        BUDGET

Banks, Oregon 97106

41660 NW Sunset Hwy

Pihl Excavating

Contact:  Estimating Department

Phone:  (503) 324-6210

Fax:  (503) 324-1017

Job Name:Quote To: Geoffrey Hall Willakia Vineyard
6457 SE Amity RoadAddress:Oregon Vineyard OPS Manager

E-mail: geoffrey.hall@smwe.com Amity, OR
Phone: Date of Plans:509.378.6826 01-13-2016
Fax: Bid Date:

Version: ONE

HCSS#B16004A - Reservoir Seepage Repair

AMOUNTITEM DESCRIPTION QUANTITY UNIT UNIT PRICE

GENERAL CONDITIONS
Mobilization 2,050.00LS1.00 2,050.00

Site Management 600.00LS1.00 600.00

GENERAL CONDITIONS TOTAL $2,650.00

ROCK REMOVAL
John Deere 230 Track Hoe 195.00HRS30.00 5,850.00

CAT D-6 Dozer 175.00HRS30.00 5,250.00

CAT D250 - E Off Road Truck 220.00HRS30.00 6,600.00

TOTAL ROCK REMOVAL $17,700.00

DIRT DRYING FROM RESERVOIR
John Deere 230 Track Hoe 195.00HRS10.00 1,950.00

CAT D-6 Dozer 175.00HRS20.00 3,500.00

Labor 65.00HRS40.00 2,600.00

Pump Equipment 18.00HRS40.00 720.00

TOTAL DIRT DRYING  FROM RESERVOIR $8,770.00
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AMOUNTITEM DESCRIPTION QUANTITY UNIT UNIT PRICE

SHAPE/GRADE/COMPACT 
RESERVOIR

CAT D-6 Dozer 175.00HRS20.00 3,500.00

SD 170D Smooth Roller 160.00HRS20.00 3,200.00

TOTAL SHAPE/GRADE/COMPACT 
RESERVOIR

$6,700.00

EXCAVATE/BACKFILL CUT OFF 
TRENCH LINER (1,800 LF)

John Deere 230 Track Hoe 195.00HRS18.00 3,510.00

CAT D-6 Dozer 175.00HRS10.00 1,750.00

John Deere Tractor with Drag 95.00HRS4.00 380.00

Labor 65.00HRS10.00 650.00

TOTAL EXC/BACKFILL CUT OFF TRENCH-
LINER (1,800 LF)

$6,290.00

GRAND TOTAL $42,110.00

NOTES: 

This proposal is based on the information provided by Geoffrey Hall on 01-09-2016 (via email)and a site visit with Geoffrey 
Hall, Matt Pihl and Dale Zoucha on 01-12-2016.

Qualifications

-  This bid is valid for 30 days after the bid date.
-  We reserve the right to review our prices upon receipt of revised plans.
-  We will proceed with work upon receipt of a signed agreement that is mutually acceptable to all parties and addresses scope, 
payment, and schedule.
-  All permits are to be available at time of the project start unless other arrangements have been made and addressed in the 
proposal.
-  Any permits needed that are not in the estimate will be cost plus 10%.
-  This is a TIME & MATERIAL BASED budget to accomplish the outlined scope of work.   The final invoice will reflect the 
actual time spent to complete the project scope of work (Note - should there be any changes to the scope of work due to 
unknown working conditions or direction from the record engineer.  This will impact the final cost of the project).

Exclusions

-  Engineering, Survey.
-  Permits, fees, bonds, special insurances.
-  Compaction testing, soils testing, utility testing.
-  Soil analysis, soil amendment.
-  Landscaping, irrigation, tree wells.
-  Trench stabilization.
-  Care of water (removal of).
-  Abandoning Wells.
-  Asphalt paving.
-  Any demo not listed in estimated.
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Name:           Co:            e-mail:         
 
Sent By:      Aden Blair  Date:    11-19-2015      
 

PROJECT:  Willakia Reservoir Liner 
 
AGENCY:  Ste Michelle Wine Estates 
 

BID DATE:  n/a    Revised 1/5/2016   
 
Fully Lined Reservoir - INSTALLED 

         Option 1 GSE 40 mil HDPE Textured 1 sides  Quantity: 253,372 SF      @ $ .47 per SF $119,084.84 
         Option 2 GSE 60 mil HDPE Textured 1 sides  Quantity: 253,372 SF      @ $ .58 per SF $146,955.76 
          
         Option 1 Propex 801 nonwoven Slope Only  Quantity: ~100,000 SF      @ $ .18 per SF $18,000.00 
         Option 2 Propex 1001 nonwoven Slope Only  Quantity: ~100,000 SF      @ $ .21 per SF    $21,000.00 

 
Final SF quantity will be measured prior to liner install  
and after anchor trench is dug 
 
Clay Liner at Leak Points - INSTALLED 

       Option 3 GSE Bento Liner NWL    Quantity: ~100,000 SF      @ $ .72 per SF $72,000.00 
               Quantity: ~75,000 SF      @ $ .79 per SF $59,250.00 
               Quantity: ~50,000 SF      @ $ .86 per SF $43,000.00 
 

 
 
Includes: 
Delivery of material to the site, installation by our crew, 1 mobilization, mechanical attachments, on site testing of field seams, 
2 year installation warranty, and 20 year material warranty. 
 

Excludes:  
Any taxes, earthwork and trenches, prevailing wage rates, union agreements, de-watering, demolition, cold weather 
installation (below 20F), site specific training, soil sterilants, concrete work, cleaning or grinding of concrete, and pipe work.  
 
We will need the following provided by others:   
Sanitary facilities for ACF West Const. employees, prepared subgrade maintained in an unencumbered state. All anchor 
trenches and concrete work must be complete and all piping must be stubbed through prior to mobilization.  
 

This proposal is based on 1 mobilization with continuous work throughout.   
Stand-by time for unprepared subgrade and will be $1,200.00 per day.   
Additional mobilizations will be $1,200.00 each. 

 
 
F.O.B. Job Site  
Terms: Net 30 days 
 
Quote good for 60 days 

OWRD Grant

OWRD Grant



 

 

Providing Natural Resource Leadership 

2200 SW 2nd Street      l      McMinnville, OR  97128      l      www.yamhillswcd.org      l     503-472-6403 

Planting Detail – Wetland Planting 
Erath and Ste Michelle Wine Estates 
Site Address: 6457 SE Amity Rd. Amity OR 98072 
Approximately 5 Acres 
 
Site preparation/maintenance:   
The upper portion of this project (wetland areas) will require relatively little site preparation due to low 
amounts of noxious vegetation.  Lower portion (riparian areas) has steeper bank slopes that may make 
site preparation more difficult and may need to use hand tools where machinery is not assessable.  1st 
year should focus on removing competing vegetation through mowing and spot spraying (if necessary) in 
the spring and fall, particularly where non-native vegetation is more prevalent.     
 
Spring and fall are also the best times to plant bare root plant stock. If spring or fall planting; scalp or 
spray out 2-3’ diameter rings in the grass cover to plant materials into.  Try to keep grasses from 
overtopping the bare root planting by hand weeding, ring spraying or low mowing (~3in) around plants.  
Mowing and spot spraying in the spring and fall is recommended between the planted rows for weed and 
moisture management until trees/shrubs have overtopped the grasses and are free to grow (~3 years).   
 
Bare root plants will need water in hot, dry weather (July, August, September) and it sounds like these 
needs may be able to be met through a release from the reservoir during these months.    
 
Wetland area: 
Planting: 

- Trees can be planted on 12’ centers 
- Shrubs can be planted on 6’ centers 
- 3-4, 10’x10’ plots of flowering plants can be planted at 1’-2’ spacing if using plugs/bulbs.  
- Ash, snowberry, twinberry and spirea should be planted in the wettest areas, although all the 

recommended plants do well in moist, poorly drained soils 
- Avoid planting or disturbing wet area where cattails are.  Cattails can be highly invasive so site 

disturbance in that small area is discouraged.  They also will likely outcompete anything that is 
planted into them.   

- Reed/sedge grasses can be dug up, split and out planted or area can be planted with wetland 
grass plugs (American slough grass, spike bentgrass, tufted hairgrass, meadow barley)  

 
 
Nurseries: 
There are a few native plant nurseries where you could source these trees/shrubs.  These are some 
nurseries that we order from for our native plant sale: Brooks, Mineral Springs, 7 Oaks, Drakes, 
Champoeg, Scholls Valley 
 
There is also a nursery directory which breaks out nurseries by location in Oregon and what their specialty 
is: 
http://www.plantnative.org/nd_or.htm 
http://nurseryguide.com/Find_Companies 
 

http://www.plantnative.org/nd_or.htm
http://nurseryguide.com/Find_Companies


 

 

Providing Natural Resource Leadership 

2200 SW 2nd Street      l      McMinnville, OR  97128      l      www.yamhillswcd.org      l     503-472-6403 

We also do a native plant sale fundraiser in February where you could order most of these plants.  Our 
order form typically is released in early December.  As I mentioned on site we also have plant materials in 
cone-tainers that would cost a little bit more than bareroot plants ($1.75-$2.00/plant) but planting would 
be a lot easier.     
 
Recommended Plant Quantities  

Wetland Area     
About 5 Acres     

List of Plants Quantity Spacing 
Potential cost of 
bare root 

Estimated total 
cost 

Oregon Ash 758 12x12  $                      0.85   $        644.30  
Red Alder 758 12x12  $                      0.90   $        682.20  
serviceberry 775 6x6  $                      1.25   $        968.75  
snowberry 775 6x6  $                      1.00   $        775.00  
twinberry 775 6x6  $                      1.00   $        775.00  
nootka rose 775 6x6  $                      1.25   $        968.75  
ninebark 775 6x6  $                      0.90   $        697.50  

Great Camas (plant in small 
plots) 100 2x2  $                      2.75  275 

Oregon Iris (plant in small 
plots) 100 2x2  $                      2.75  275 
Total 5591      $    6,061.50  

 



 

 

Providing Natural Resource Leadership 

2200 SW 2nd Street      l      McMinnville, OR  97128      l      www.yamhillswcd.org      l     503-472-6403 

 

Wetland Area ~5 Acres 
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LOVELLFORD Rachel M

From: GRAMLICH Nancy <Gramlich.Nancy@deq.state.or.us>

Sent: Wednesday, January 06, 2016 10:47

To: Hall, Geoffrey

Subject: RE: Vineyard Watershed Information

Attachments: ash salt south yamhill.xlsx

Hello Geoffrey,  

 

Thank you for contacting DEQ and informing us of the practices supportive of the watershed health and your intent to 

improve water conservation and quality. 

 

A response to your questions follows: 

 

I am assuming we are a part of the Willamette Watershed and in the Yamhill Subbasin?   

 

• Based on the lat and long you provided,  you are correct about the Yamhill Subbasin. 

• The Yamhill Subbasin is one of 13 Subbasins of the Willamette Basin.  

• Salt Creek is a tributary to the South Yamhill River, which eventually connects with the Yamhill River near 

McMinnville. 

 

Are there any issues with water quality, stream flow, or habitat for sensitive/threatened/endangered species that 

might be affected by our project? 

 

• OR Dept of Fish & Wildlife may have information for sensitive/threatened/endangered species. 971-673-6011 is the 

# for Yamhill Fish District Contacts. 

• I cannot locate the Water Right permit for the pond to review the ODFW and DEQ reviews, which are for 

sensitive/threatened/endangered species. Items protective of water quality in a water right that DEQ may 

recommend: 

1. Diverting water for reservoir fill Nov-May protects summer low flows and temperatures for cold water fish.  

2. No interference with surface water from pond discharge or placement ( exs., Pond is off channel not 

instream, No discharge of pond water in critical summer months to surface waters to avoid water 

temperature increases above what cold water fish need or nutrient rich pond water) 

• Limiting factors in the Yamhill Subbasin include: 

a.  Impaired water quality (e.g., temperature and sedimentation, pesticides), including those factors 

associated with the loss of riparian and floodplain vegetation;  

b. Reduced water quantity (e.g., low streamflow and altered hydrology);  

c. Loss of habitat complexity (e.g., high-quality instream structure and spawning gravel, floodplain 

connectivity, connected off-channel habitat, presence of pools, and presence of large woody debris);  

d. Loss of habitat connectivity, including:  floodplain connectivity; access to cold-water refugia  

e. Spread of invasive species.   

• Any practices that support improving stream flows in the summer or reduce sediment and nutrient delivery to 

surface water support improving water quality in the Yamhill Subbbasin.  Water quality concerns identified from the 
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following DEQ resources that document the above limiting factors and the beneficial uses for fish &  humans that 

need protection are contained in the attachment: 

http://www.deq.state.or.us/wq/assessment/assessment.htm 

http://www.deq.state.or.us/lab/wqm/wqimain.htm 

• Current practices supportive of pesticide, herbicide, and fertilization that support groundwater and surface water 

protection would be supportive of improving water quality limiting factors and protecting beneficial uses. However, 

you indicate “As active participants in LIVE, Salmon Safe, VineWise and various other facets of sustainable farming 

we believe in the environmental, social and economic impact that sustainability can have on our industry and 

communities.” Listing the specific practices supportive of protecting groundwater and surface water may be helpful. 

Examples: 

1. Well head protection 

2. Apply pesticides and herbicides according to the label.  

3. Store and mix pesticides on leakproof facilities. Reduces risk of pesticide runoff to streams. Helps 

protect drinking water; reduces health risks to applicator.  

4. Properly maintain irrigation systems to prevent overirrigation. Prevents leaching of excess nitrogen past 

the root zone.  

5. Plant winter cover crops to take up excess nitrogen left over after crops are harvested. Takes up extra 

nitrogen and limits potential for leaching into ground water.  

• The Oregon Department of Agriculture (ODA) has jurisdictions for developing plans to prevent and control water 

pollution from agricultural activities and soil erosion on rural lands.  

The plan for Yamhill 

http://www.oregon.gov/ODA/shared/Documents/Publications/NaturalResources/WillametteMiddleAWQMAreaPlan.pd

f 

Resources for landowners for addressing limiting factors 

http://www.oregon.gov/ODA/programs/NaturalResources/Pages/AgWaterQuality.aspx 

I would have recommended you consult with the Yamhill SWCD, but you already intend to.  

Please feel free to let me know if you have additional questions.  

Happy New Year,  

Nancy 

  

 

From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  

Sent: Tuesday, December 29, 2015 11:10 AM 

To: GRAMLICH Nancy 
Subject: Vineyard Watershed Information 

 

Hello Nancy, 

 

My name is Geoffrey Hall and I am the Oregon Vineyard Operations Manager for Erath Winery. 
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As a company, we have always been committed to the advancement and stewardship of environmental sustainability. 

As active participants in LIVE, Salmon Safe, VineWise and various other facets of sustainable farming we believe in the 

environmental, social and economic impact that sustainability can have on our industry and communities.   

  

Currently, we are applying for a grant from the Oregon Water Resources Department that will assist in lining our leaking 

reservoir located at our Willakia Vineyard outside of Amity, OR.  In addition to the drastic and immediate water savings, 

we expect to expand our current wetland area and will work with the Yamhill Soil and Water Conservation District on a 

plan to enhance this vital ecosystem.  By planting specific wetland species in the area we believe that we will create a 

more functional ecological unit that will provide enhanced wildlife refuge and increased ground/surface water filtration 

that will mean cleaner water downstream. 

  

I was wondering if I could ask you some questions regarding our Watershed so that I can further my understanding of 

how our vineyard ties in to the overall picture?  We are located at 45° 7'31.78"N, 123° 9'59.24"W.  Water from our 

property enters Ash Swale and then in to Salt Creek and eventually the Yamhill River.  I am assuming we are a part of the 

Willamette Watershed and in the Yamhill Subbasin?  Are there any limiting ecological factors that have been identified 

by the DEQ or any other state organization for this watershed?  In particular, are there any issues with water quality, 

stream flow, or habitat for sensitive/threatened/endangered species that might be affected by our project?  As 

mentioned above, we believe that we will have a positive impact on water quality and our ecological area. 

 

Any information you can share with me would be greatly appreciated. 

 

If you need any additional information about this project please feel free to contact me anytime.  

  

Thank you so much for your time and consideration. 

 

 

Geoffrey Hall 

Oregon Vineyard Operations Manager 

Erath Winery & Ste. Michelle Wine Estates 

Cell: 509-378-6826 
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LOVELLFORD Rachel M

From: Gore, Doug N

Sent: Tuesday, January 19, 2016 11:29

To: Hall, Geoffrey

Cc: Viney, Carole L; Ellwanger, Marian R; Lent, Eric

Subject: Re: Doug Gore Signature - OWRD Grant

Ok 

 

Sent from my iPhone 

 

On Jan 19, 2016, at 10:53 AM, Hall, Geoffrey <Geoffrey.Hall@smwe.com> wrote: 

Hello Carole, 

  

I was informed by Marian that Doug Gore is in Woodinville for meetings today and that you could help 

me acquire a signature from him.   

  

Please see the attached document.  On page 1, Section II under “Certification” I have Doug’s 

information and left the “Applicant Signature” blank.  Could you please print this page and have Doug 

sign it?  Once signed, please scan it and send it back to me.  The grant is due this afternoon but I would 

like to incorporate the signature as early as possible.   

  

Doug, you will be signing for the reservoir lining grant. 

  

Sorry for any inconvenience and thank you very much for your help. 

  

Take care, 

  

Geoffrey Hall 

Oregon Vineyard Operations Manager 

Erath Winery & Ste. Michelle Wine Estates 

Cell: 509-378-6826 

  

<SMWE - OWRD Grant 1-19-16.doc> 
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LOVELLFORD Rachel M

From: DEBLASI Michael <michael.deblasi@state.or.us>

Sent: Saturday, January 09, 2016 18:58

To: Hall, Geoffrey

Subject: RE: Reservoir Fix in Yamhill County

Geoffrey, 

Planting doesn’t require a GA or any other type of permits.  But it also doesn’t count as enhancement according to our 

Rules.  But if you’re not doing it for mitigation then that’s not a problem. 

 

Michael De Blasi 
Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 

 

From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  

Sent: Friday, January 8, 2016 4:24 PM 

To: DEBLASI Michael 
Subject: RE: Reservoir Fix in Yamhill County 

 
Michael, 

 

I think that I need to clarify what our project will be.  I spoke with the Yamhill Soil and Water Conservation District and 

they said there may be some confusion and that I might not have been clear.  We will not me moving any soil around in 

the wetland.  We are only planting native species as per YSWCD’s advice.  I have attached their plan for clarification. 

 

Do we still need to fill out a GA form? 

 

Thank you for your help.  

 

Geoffrey Hall 

Oregon Vineyard Operations Manager 

Erath Winery & Ste. Michelle Wine Estates 

Cell: 509-378-6826 

 

From: DEBLASI Michael [mailto:michael.deblasi@state.or.us]  

Sent: Thursday, January 07, 2016 10:40 AM 

To: Hall, Geoffrey <Geoffrey.Hall@smwe.com> 

Subject: RE: Reservoir Fix in Yamhill County 

 
Geoffrey, 
In the GA packet, there are Supplement pages for all of the available General Authorizations.  As you intend to restore 

wetlands, you will complete pages 3,4,5,14, 15, and 17.  If there is any stream bank stabilization you also need to 

complete page 9 and if there is any waterway habitat restoration, you need to complete page 12 & 13. 
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What questions do you have?  If it’s from the information requested on page 5, the Cowardin Class is PSS (Palustrine 

Scrub-Shrub) and PFO (Palustrine Forested), the HGM Class is Slope.  In the original mitigation they were 1.2 acres 

each.  Unless the additional 2.4 acres includes forested land, it would likely be more PSS.   
  
I hope I’ve cleared up some of the confusion.  Call me if you have more questions. 
  

Michael De Blasi 

Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 
  
From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  
Sent: Wednesday, January 6, 2016 7:07 PM 

To: DEBLASI Michael 

Subject: RE: Reservoir Fix in Yamhill County 
  
Michael, 
  
Thank you very much for all of you help with our project.  It looks like we are planning on moving forward and just 

wanted to double check a couple things with you. 
  
-We have the old wetland mitigation area which is 2.68 acres.  This was not kept in good shape, which your records 

seem to indicate and we would like to rehabilitate them in conjunction with the Yamhill Soil and Water Resource 

Department. 
-In addition, we would like to expand the area that we will be rehabilitating, approx. 2.4 acres. 
  
I have taken a look at the Authorization form and I have some questions that I am not exactly sure how to answer and I 

want to do this right.  Do you have any recommendations as to the best course of action to proceed?  Is there someone I 

can contact to help make sure that I turn in the correct application? 
  
Thank you very much for your time. 
  
Geoffrey Hall 
Oregon Vineyard Operations Manager 
Erath Winery & Ste. Michelle Wine Estates 
Cell: 509-378-6826 
  
From: DEBLASI Michael [mailto:michael.deblasi@state.or.us]  

Sent: Monday, November 23, 2015 1:07 PM 

To: Hall, Geoffrey <Geoffrey.Hall@smwe.com> 

Subject: RE: Reservoir Fix in Yamhill County 
  
Here’s the link for the Authorization application 
http://www.oregon.gov/dsl/Aquatic_Resource_Management/Documents/Applications%20and%20Forms/GA%20Notific

ation%20Packet%20051915.pdf 
  

Michael De Blasi 

Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
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Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 
  
From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  

Sent: Monday, November 23, 2015 12:41 PM 
To: DEBLASI Michael 

Subject: RE: Reservoir Fix in Yamhill County 
  
Michael, 
  
This is all good information to have.  Thank you.   
 

Do you think it would be possible for us to talk over the phone so that I can get some things cleared up?  Please feel free 

to call me on the number below anytime. 
  
Thank you, 
  
Geoffrey Hall 
Oregon Vineyard Operations Manager 
Erath Winery & Ste. Michelle Wine Estates 
Cell: 509-378-6826 
  
  
  
From: DEBLASI Michael [mailto:michael.deblasi@state.or.us]  

Sent: Monday, November 23, 2015 11:55 AM 

To: Hall, Geoffrey <Geoffrey.Hall@smwe.com> 

Subject: RE: Reservoir Fix in Yamhill County 
  
Geoffrey, 
I’ve looked more into the history of this permit.  The mitigation site was not succeeding so Mitigation Bank Credits were 

purchased.  That means that any impact to the wetlands will have the normal Rules.   
  
The delineation and Permit only appears to cover only the area where the reservoir was constructed and the mitigation 

site.  I can’t say that the area that you would work has wetlands but it seems likely.  Depending on the size of these 

wetlands it’s possible that the impact could still be less than 50 cubic yards.  
  
The original mitigation site plan was to enhance wetlands.  So if there are wetlands here and they are poorly functioning, 

the expansion could be Enhancement too, which would fall under the Wetland Restoration GA. 
  
You may want to hire a consultant to delineate the wetlands in this area including a Functional Assessment before you 

take any additional steps with permitting. 
  

Michael De Blasi 

Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 
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From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  
Sent: Monday, November 23, 2015 9:15 AM 

To: DEBLASI Michael 

Subject: RE: Reservoir Fix in Yamhill County 
  
Michael, 
  
I am not sure if the space we would be moving in to would be classified a wetland by the state.  It is basically below the 

toe drain of the reservoir and in the same water stream as the current mitigation area.   
  
We purchased the property and the previous owners did not give us specific information regarding the area around the 

wetland.   
  
We were planning on adding about 1 acre so that would be above the 50 cubic yards. 
  
Please let me know what additional information you may need.  I can share a current map with you if you wish. 
  
Thanks, 
  
Geoffrey Hall 
Oregon Vineyard Operations Manager 
Erath Winery & Ste. Michelle Wine Estates 
Cell: 509-378-6826 
  
  
  
From: DEBLASI Michael [mailto:michael.deblasi@state.or.us]  

Sent: Monday, November 23, 2015 8:55 AM 

To: Hall, Geoffrey <Geoffrey.Hall@smwe.com> 

Subject: RE: Reservoir Fix in Yamhill County 
  
Geoffrey, 
Is the wetland expansion into an area that is not wetland or is in non-functioning wetland?   We have a General 

Authorization that allows for Wetland Ecosystem Authorization but that’s only for restoring wetland conditions. 
  
If it’s expansion of a wetland into a non-wetland area then we would only consider the impact area where the old and 

new areas connect.  If it’s less than 50 cubic yards than there would not be a need for a permit.  Notification, including 

new drawings, photos, etc., would be good though.  
  

Michael De Blasi 

Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 
  
From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  

Sent: Monday, November 23, 2015 8:41 AM 
To: DEBLASI Michael 

Subject: RE: Reservoir Fix in Yamhill County 
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Michael, 
  
We are not going to expand or change the shape of the reservoir at all.  Just place within the existing reservoir.   
  
If we are not altering the shape of the reservoir do we need a permit to expand the wetland?  We don’t need it to be in 

the same program as the current wetland mitigation.  We are looking to create wetland area around the current 

mitigation area as a way to increase environmental sustainability. 
  
Thanks, 
  
Geoffrey Hall 
Oregon Vineyard Operations Manager 
Erath Winery & Ste. Michelle Wine Estates 
Cell: 509-378-6826 
  
  
  
From: DEBLASI Michael [mailto:michael.deblasi@state.or.us]  

Sent: Monday, November 23, 2015 8:37 AM 

To: Hall, Geoffrey <Geoffrey.Hall@smwe.com> 

Subject: RE: Reservoir Fix in Yamhill County 
  
Geoffrey, 
Will this lining enlarge the reservoir especially in the wetland?  If it doesn’t then there would be nothing that you would 

have to do with DSL.   
  
If it does, it’s possible that the enhanced (and potentially enlarged) wetland could mitigate for that.  But I would have to 

know before anything happens to know.  The reservoir permit has expired so additional wetland activity may need a 

separate permit. 
  

Michael De Blasi 

Aquatic Resource Coordinator 
Tillamook, Yamhill, Polk & Marion Counties 
Aquatic Resource Management 
  
My primary telephone number is 503-509-0460 while we are converting to a new phone system 
  
Please note that our cell service is poor and there is a good chance that any conversation will be cut short by a dropped call. 
  
From: Hall, Geoffrey [mailto:Geoffrey.Hall@smwe.com]  
Sent: Friday, November 20, 2015 4:26 PM 

To: DEBLASI Michael 
Subject: Reservoir Fix in Yamhill County 
  
Hello Mike, 
  
My name is Geoffrey Hall and manage a vineyard outside of Amity, OR.  I got your contact info from Eric Metz.  We are 

currently working with the OWRD on a grant application that would provide funding to line our currently seeping 

reservoir.  The reservoir has an adjoining wetland mitigation area that as a part of the grant and is scheduled to receive 

and increase in acreage and significant enhancements thanks to a collaboration with the Yamhill Soil and Water 

Conservation District.   
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What I am wondering is if there is any regulatory issues involved with our proposal?  It would require the release of the 

remaining water in our reservoir in the fall of 2016 or 2017.  We would then line the reservoir and fill it back up over the 

winter.  We would then work off the YAWCD proposal to enhance the current wetland and potentially increase the 

acreage voluntarily.  Here is some information about our site: 
  
Location: 6457 SE Amity Rd, Amity, OR 
Reservoir permit #: R-13129 and S-53768 
DSL Permit: 25566-RP 
US Army Corp Engineers Section 404 Permit (2002-00471) 
  
If you could please help me make sure I follow all regulatory pathways your department would require that would be 

extremely helpful. 
  
Thank you very much, 
  
Geoffrey Hall 
Oregon Vineyard Operations Manager 
Erath Winery & Ste. Michelle Wine Estates 
Cell: 509-378-6826 
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LOVELLFORD Rachel M

From: Quigley Karen M <karen.m.quigley@state.or.us>

Sent: Monday, December 14, 2015 13:57

To: Hall, Geoffrey

Subject: Re: OWRD Water Supply Development Account Grant

Follow Up Flag: Follow up

Flag Status: Flagged

Hello Geoffrey, 

Please touch base with: 

Robert Kentta, Confederated Tribes of Siletz 

rkentta@ctsi.nsn.us 

David Harrelson at Confederated Tribes of Grand Ronde 

David.Harrelson @grandronde.org and 

Kathleen Sloan at Confed Tribes of Warm Springs, Kathleen.sloan@ctwsbnr.org 

Thanks  

Karen 

 

Sent from my Verizon Wireless 4G LTE DROID 

 

 

"Hall, Geoffrey" <Geoffrey.Hall@smwe.com> wrote: 

Hello Karen, 

  

My name is Geoffrey Hall and I work for Ste. Michelle Wine Estates which operates Erath Winery in Dundee, OR.  I called 

today to leave you a message regarding this subject but felt it better to provide you with some information over email. 

  

I would like to request a list of tribes that could be affected by our proposed project.  In addition, I was wondering if you 

could provide me with contact information for each of those tribes so that I may contact them for collaboration. 

  

Our current project is based at our vineyard at 6457 SE Amity Rd.  Amity, OR 97132 

We are planning on lining our reservoir to prevent existing seepage.  We will also enhance the current wetland with 

collaboration between Salmon Safe and the Yamhill Soil and Water Conservation District.  This will increase the amount 

of water that will move through the rehabilitated wetland and in to Ash Swale. 

  

Please feel free to contact me anytime (cell below) to discuss our project.  Thank you very much for your time.   

  

Take care, 

  

Geoffrey Hall 

Oregon Vineyard Operations Manager 

Erath Winery & Ste. Michelle Wine Estates 

Cell: 509-378-6826 
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LOVELLFORD Rachel M

From: Jennifer Coleman <jenc@oeconline.org>

Sent: Monday, January 04, 2016 10:15

To: Hall, Geoffrey; Samantha Murray

Subject: Re: Oregon Environmental Justice Communities - OWRD Grant

Hello, Mr. Hall! Thanks for your inquiry and for your good work. I am passing this along to our water program 

director (Samantha, cc'd here), as she will likely have a better sense of this project's value to the community. 

 

It's really great that you are making a commitment to identifying vulnerable communities in the affected area. 

There's a handy new mapping tool for identifying communities that may be relevant to environmental justice. 

It's called EJScreen, and it is maintained by the EPA. You can choose "layers" that show you both demographic 

data and environmental vulnerabilities. Here it is: 

http://ejscreen.epa.gov/mapper/ 

 

It looks like at least some parts of Amity would be considered a community of concern for environmental 

justice because a greater than average part of the population falls at two times the poverty level or below.  

 

I hope this is helpful! 

 

 

-- 

Jen Coleman | Health Outreach Director 

Oregon Environmental Council 

222 NW Davis Street, Suite 309 

Portland, OR 97209-3900 

503.222.1963 x105  
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On Mon, Jan 4, 2016 at 9:51 AM, Hall, Geoffrey <Geoffrey.Hall@smwe.com> wrote: 

Dear Jen Coleman, 

  

My name is Geoffrey Hall and I am the Oregon Vineyard Operations Manager for Ste. Michelle Wine Estates 

and Erath Winery.   
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As a company, we have always been committed to the advancement and stewardship of environmental 

sustainability. As active participants in LIVE, Salmon Safe, VineWise and various other facets of sustainable 

farming we believe in the environmental, social and economic impact that sustainability can have on our 

industry and communities.   

  

Currently, we are applying for a grant from the Oregon Water Resources Department that will assist in lining 

our leaking reservoir located at our Willakia Vineyard outside of Amity, OR.  In addition to the drastic and 

immediate water savings, we expect to expand our current wetland area and will work with the Yamhill Soil 

and Water Conservation District on a plan to enhance this vital ecosystem.  By planting specific wetland species 

in the area we believe that we will create a more functional ecological unit that will provide enhanced wildlife 

refuge and increased ground/surface water filtration that will mean cleaner water downstream. 

  

In addition, securing our water resource will allow us to plant additional vineyard acres at Willakia that would 

directly impact state grape/wine production at a time when our industry is thriving.  An enhanced wetland 

would also provide us a means to teach customers and VIP industry guests about the importance of 

environmental stewardship as well as our involvement in the various regional sustainably initiatives.   

  

We believe this project will improve an ecologically active wetland, downstream water quality, water use 

efficiencies, local economic activity, and environmental stewardship outreach.   

  

I have been trying to learn more about the Oregon Environmental Justice Communities to determine if the City 

of Amity (closest downstream) is classified as one of these communities.  Do you have any information 

regarding how I determine the status of an Environmental Justice Community?  Also, from the standpoint of 

your organization do you feel like this project could have beneficial impacts on these communities? 

  

If you have any more questions for me regarding our project please feel free to contact me anytime. 

  

Thank you so much for your time and consideration. 

  

  

Geoffrey Hall 

Oregon Vineyard Operations Manager 

Erath Winery & Ste. Michelle Wine Estates 
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Cell: 509-378-6826 

  

 



 

 
 

 

 

 
 

January 12, 2016 

 

John Unger 

Water Supply Development Grant Program 

Oregon Water Resources Dept. 

725 Summer ST, STE A 

Salem, OR 97301 

 

Subject: OWRD Water Projects grant proposal for Willakia Vineyard reservoir

    

 

Dear Mr. Unger, 

 

The Greater Yamhill Watershed Council (GYWC) would like to express our hearty 

support for Willakia Vineyard’s reservoir improvement grant proposal through the 

Oregon Water Resources Department’s (OWRD) Water Projects grant program 

under SB 839.  

 

Willakia Vineyard proposes to line a leaking reservoir (with seasonally variant 

losses of 22 – 150gal/min), as well as to enhance and expand an adjacent wetland. 

The reservoir improvements will provide immediate, significant benefits by 

reducing water loss and restoring the designed capacity of the reservoir. In addition, 

the GYWC has reviewed the wetland enhancement plan developed for the 5-acre 

project site by the Yamhill Soil & Water Conservation District (YSWCD), and 

encourage the proposed improvements for wetland function and filtration. 

 

Willakia Vineyard is committed to sustainable agriculture and the conservation of 

local natural resources. Their stewardship is demonstrated by active participation in 

3rd-party land/water management certifications through Salmon-Safe and Oregon’s 

Low-Impact Viticulture and Enology (LIVE) program. This OWRD proposal aligns 

with Willakia Vineyard’s ongoing investments in watershed health, and we 

encourage funding of the proposed water project.  

 

Thank you for your consideration, and please feel welcome to contact me regarding 

this letter of support. 

 

Sincerely, 

 

 

 

Luke Westphal 

 

Greater Yamhill Watershed Council, Executive Director 

luke@gywc.org  Mobile: 971-388-9200 Office: 503-474-1047 

Board of Directors 
 
Neyssa Hays 
Chair, Watershed Resident 
 
Corissa Holmes 
Treasurer/Secretary, 
City of McMinnville 
 
Theresa Crain 
Watershed Resident 
 
James Riedman 
Watershed Resident 
 
Leonard A. Rydell 
Yamhill Co. Small Woodlands Assoc. 
 
 

 

Staff 
 

Luke Westphal 
Executive Director 
 

Theresa Crain 
Community Engagement 
 
Neyssa Hays 
Community Engagement 
 

 

237 NE Ford Street, Suite 9 
P.O. Box 1517 

McMinnville, OR 97128 
Phone: 503.474.1047 

 

GREATER 

YAMHILL 

WATERSHED 

COUNCIL 

mailto:luke@gywc.org
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Eola-Amity Hills Winegrowers Association 
 

December	29,	2015	
	
To	Whom	It	May	Concern:	
	
The	letter	represents	a	three-pronged	endorsement	of	a	project	being	undertaken	
by	Erath	Winery	and	Ste.	Michelle	Wine	Estates	at	the	Willakia	Vineyard	property	
on	Amity	Road	in	Amity,	Oregon.		This	property	is	located	within	the	Eola-Amity	
Hills	American	Viticulture	Area	(EAH	AVA).	
	
The	Eola-Amity	Hills	have	been	designated	a	“Groundwater	Classified	Area”	by	the	
Oregon	Water	Resources	Commission.		As	such,	the	Eola-Amity	Hills	Winegrowers	
Association	(EAHWA),	which	represents	wine	growers	in	the	EAH	AVA,	is	very	much	
in	favor	of	projects	aimed	at	(1)	protecting	and	enhancing	the	Eola-Amity	Hills	
watershed	and	conserving	our	water	resources,	(2)	improving	riparian	zones	in	the	
Eola-Amity	Hills	ecosystem,	and	(3)	increasing	the	agricultural	economic	
sustainability	of	the	Eola-Amity	Hills	region.	
	
The	Erath	Winery	and	Ste.	Michelle	Wine	Estates	are	planning	to	improve	and	
strengthen	the	reservoir	located	at	the	Willakia	Vineyard	and	to	work	with	the	
Yamhill	SWCD	to	improve	functionality	of	the	riparian	zone	below	the	reservoir.		By	
relining	the	reservoir,	substantial	water	can	be	saved,	and	by	working	with	the	
Yamhill	SWCD,	sophisticated	improvements	can	be	effected	in	the	riparian	zone	
below	the	reservoir.		These	are	goals	and	steps	that	are	of	high	priority	for	the	
EAHWA,	and	we	believe	that	the	strategy	of	the	Erath	Winery	and	Ste.	Michelle	Wine	
Estates	will	accomplish	important	goals	for	our	region	and	the	State.	
	
The	EAHWA	enthusiastically	urges	the	Oregon	Department	of	Water	Resources	to	
fund	the	grant	request	for	the	renovation	of	the	Willakia	reservoir.	
	
Sincerely,	
	

	
	
Thomas	M.	Vail	
President	
 



 
  

1/12/2016 

Dear Oregon Water Resources Department, 

We write this letter in support of Erath and Ste. Michelle Wine Estates and their 
effort to restore wetlands and repair a leaking reservoir. We believe that this project 
will result in a significant positive environmental and economic impact, and that it is 
a responsible use of these public funds. 

Ste. Michelle Wine Estates has proven to be a leader in the sustainable wine sector, 
and has gained an impeccable reputation in the Pacific Northwest by environmental, 
social, educational, and qualitative measures. They have proven to be a good and 
responsible steward of funding for research and have helped other members of the 
industry countless times. 

Geoff Hall serves as Chair of LIVE’s Willamette Valley Technical Committee and is 
fully capable of a leading a successful implementation of this project.  

We ask that this project be funded to further the sustainability within the Willamette 
Valley wine industry and to set an example of real and lasting impacts. 

Sincerely, 

Christopher Serra 

 
LIVE Executive Director 

 

 

 

 



 
 
 
 
 
 
 
 
January 15, 2016 
 
Jon Unger, Water Supply Development Coordinator 
Oregon Water Resources Department 
725 Summer Street NE, Suite A 
Salem, OR  97301 
 
RE: Support for Ste. Michelle Wine Estates Reservoir Rehab Project  
 
Dear Mr. Unger,   
 
I’d like to express Travel Yamhill Valley’s support for the Ste. Michelle Wine Estates 
reservoir rehab project and related application for 2016 Water Supply Development 
Account Grant Program funds. Travel Yamhill Valley (TYV) is a state-sanctioned 
Destination Marketing Organization working to expand the local economy by attracting 
visitors who spend on lodging, meals, goods and services during their stays. Wineries are 
a significant component of the draw to Yamhill County and we are strong proponents of 
the continued growth of wine production in our area.  
 
As such, we support the efforts of Ste. Michelle Wine Estates to rehabilitate the leaking 
reservoir at their Willakia Vineyard, near Amity. Once completed the reservoir project 
should enable development of a new winery at the site. This will expand production 
capacity and contribute to job creation. Additionally, boosting water efficiency in their 
operations and expanding the wetlands are significant benefits of this project and 
consistent with the values of sustainable tourism, in which Oregon is a nationally 
recognized leader. 
 
The Willakia Vineyard is an outstanding site with special soil and topography 
characteristics, and it warrants a first-rate vineyard and winery operation. The reservoir 
rehab project is an essential step in that direction and we request your favorable 
consideration of this grant application. 
 
Sincerely, 

 
Veronica Hinkes 
Board of Directors 
Travel Yamhill Valley  



 

 
 

  
 

DATE: January 11, 2016 

TO:  Oregon Water Resources Department   

FROM:  Oregon Wine Board 
 
RE:   Erath Winery and Ste. Michelle Wine Estates Grant Proposal  
 

 
To Whom It May Concern: 
 
This letter represents the Oregon Wine Board’s (OWB) support of a project being undertaken by 
Erath Winery and Ste. Michelle Wine Estates at the Willakia Vineyard property in Amity, which 
is located within the Eola-Amity Hills American Viticulture Area. 
 
The OWB’s mandate is to help Oregon’s wineries and vineyards with research and educational 
initiatives such as the advancement and stewardship of environmental sustainability. Since the 
Eola-Amity Hills have been designated a “Groundwater Classified Area” by the Oregon Water 
Resources Commission, the OWB encourages activities like the one proposed by Erath Winery 
and Ste. Michelle Wine Estates that conserve and extend the resources necessary for the 
continued productivity in this area. The OWB sees benefit in this project because it is aimed at 
(1) protecting and enhancing the Eola-Amity Hills watershed and conserving its water resources, 
(2) improving riparian zones in the Eola-Amity Hills ecosystem, and (3) increasing the 
agricultural economic sustainability of the Eola-Amity Hills region. 
 
The Erath Winery and Ste. Michelle Wine Estates are planning to improve and strengthen the 
reservoir located at the Willakia Vineyard and work with the Yamhill Soil and Water 
Conservation District to improve functionality of the riparian zone below the reservoir. By 
relining the reservoir, substantial water can be saved, and by working with the Yamhill Soil and 
Water Conservation District, sophisticated improvements can be successfully implemented in 
the riparian zone below the reservoir. These steps are necessary for the advancement of 
sustainability goals for this region and the state. 
 
The OWB urges the Oregon Department of Water Resources to give favorable consideration to 
the grant request for the renovation of the Willakia reservoir. 
 
Sincerely, 
 

 
 
David Beck       
Chairman 
Oregon Wine Board 

 
 
 
 

 
Tom Danowski 
Executive Director 
Oregon Wine Board 

 



317 SW Alder Street
Ste. 900

Portland, OR 97204
503.232.3750

f 503.228.3556

info@salmonsafe.org
      WWW.SALMONSAFE.ORG

SALMONSAFE IS A NONPROFIT ORGANIZATION WORKING TO RESTORE OUR
AGRICULTURAL AND URBAN STREAMS AND THE SPECIES THAT INHABIT THEM.

January 12, 2016

To whom it may concern:

Salmon-Safe is providing this letter in support of the proposed project by Ste Michelle Wine Estates. 
Ste Michelle Wine Estates have had a long-term commitment to Salmon-Safe certification and Salmon-
Safe’s mission is to transform land management practices to restore water quality and salmon habitat. 

We believe their wetland restoration and riparian area plantings will have exceptional, measurable 
impacts on the local ecosystem. Downstream water quality will be greatly improved by the 
enhancement and expansion of their wetland, which is important to fish habitat in our regional 
watersheds. With climate change a current and future threat, there is a need to increase water 
conservation and preserve our important wetland ecosystems. The native and adapted plant species 
identified for this project will promote resiliency in the landscape over time and help retain moisture in 
the ground. We believe this project is made even stronger by the Ste Michelle’s collaboration with the 
Yamhill Soil and Water Conservation District. Salmon-Safe whole-heartedly endorses the proposal.

Please let me know if you have any questions, or if we can provide any additional information.

Kind regards,

Anna Huttel
Certification Manager 
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A FRAMEWORK FOR ADDRESSING

RAPID CLIMATE CHANGE

The earth’s climate is undergoing unprecedented change as a result of human activity, and this change will
have significant effects on all Oregonians, their families, their communities, and their workplaces. A broad
scientific consensus tells us that climate change is accelerating, and that it is happening at a speed that was
unanticipated even recently. It is urgent that we act now, both to reduce the cause of this earth-transform-
ing crisis by rapidly driving towards a low-carbon economy, and to begin to prepare for and adapt to the
changes that mitigation cannot prevent. If we as Oregonians rise to this challenge and make intelligent and
well-informed choices, we can minimize the most adverse impacts of changing weather patterns on our
lives while producing many benefits – including economic opportunities – by leading the world to an
environmentally sustainable and globally competitive state economy.

Governor Ted Kulongoski appointed the Climate Change Integration Group (CCIG) to develop a frame-
work for making these intelligent and well-informed choices. The Governor charged the CCIG to create
a preparation and adaptation strategy for Oregon, implement and monitor mitigation measures from the
2004 Oregon Strategy for Greenhouse Gas Reductions (and devise new ones if appropriate), serve as a
clearinghouse for Oregon climate change information, and explore new research possibilities related to
climate change for Oregon’s universities.

In this report, the CCIG proposes that Oregon takes steps toward developing a framework that will assist
individuals, businesses, and governments to incorporate climate change into their planning processes.  This
framework is based upon the following underpinnings:

• Business-as-Usual is Not Climate as Usual: A change in the Earth’s climate of unprecedented
magnitude is now inevitable, but concerted action to reduce greenhouse gases can help reduce the
degree to which our climate changes.

• Our Climate is Changing Faster Than Anticipated: Recent scientific work indicates that the
climate is changing faster that had been anticipated even three years ago5, and that we may be
approaching a less favorable climate regime to sustain Oregon’s economic health.

• Significant Economic Threat: Research shows that climate change will ultimately produce
significant adverse economic impacts on most sectors of Oregon’s economy.

• Significant Human Health Threat: Climate change brings with it significant new health
threats, such as new diseases and new disease vectors.

• It is Urgent that We Act Now: A broad scientific consensus tells us that it is urgent that we act
immediately to reduce the release of greenhouse gases if we are to keep climate change manage-
able, and to prepare for the impacts of warming that are now inevitable.

5 IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen,M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 996 pp.
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• There are Significant Costs to Delay: Waiting to act is not a wise choice, as the costs of inaction in
terms of disruptions to the economy far outweigh the costs of implementing mitigation, preparation,
and adaptation.

• Preparation and Adaptation are Mandatory: The changes to the climate are significant, and
will require all parts of civilization – our food, shelter, transportation, and energy systems – to
invest considerable thought and capital to successfully prepare and adapt.

• Uncertainty is a Fact of Life: Lack of scientific certainty should not preclude action; in fact,
continued research will play a key role in our success in preparation and mitigation.

• Decoupling Our Economy from Greenhouse Gas Emissions: Since we must reduce our
emissions dramatically while facing a growing population, we must decouple the growth in our
economy from rising emissions and move rapidly towards a low-carbon economy.

• An Economic Development Opportunity: While climate change represents a risk, the transi-
tion to a low-carbon economy and climate change preparation activities will not only make
Oregon more resilient to a changing climate, but also represents an economic development oppor-
tunity that Oregon is particularly well-suited to seize.

• Solutions Improve Quality of Life: Many of the solutions we implement will not only make
Oregon more resilient to a changing climate and related economic impacts, they also will improve our
quality of life.

• Planning in a Time of Rapid Change and Uncertainty:  We can no longer rely on our past
experiences to help us predict and plan for future environments.

Both nature and human culture evolve in response to both average local environmental conditions and to
the naturally-occurring range of extremes associated with that average. While these systems have the
capacity to accommodate to gradual changes, rapidly changing environmental conditions can tax their
ability to adapt. Due to the build-up of greenhouse gases, we are living in a time of rapid change in both
averages and extremes. The challenge of climate change for both natural and human systems is that it will
create environments that differ significantly from those of recent experience and the past. The complexity
and rapidity of these changes will stress the ability of human and natural systems to respond and adapt.

For example, Douglas fir forests, one of Oregon’s signature ecosystems, are well-suited to our current
conditions of heavy winter rains with little rain in summer. These forests can tolerate the naturally-occur-
ring extremes that they have faced for millennia. However, climate change means that these extremes will
become much more common, and that new and harsher extremes will develop. Long-term persistent
droughts have the potential to weaken the forest, making them susceptible to debilitating fires and insect
infestations, and to alter Oregon’s landscape.

Similarly, planning for infrastructure is based upon the average and extreme conditions which our culture
has faced for centuries. When determining whether to build near bodies of water, for example, we use the
concept of the 100-year floodplain. But the averages and extremes are no longer stable. What are now
100-year flood events are likely to become more frequent. If we build new infrastructure based upon
historically-based averages, this infrastructure will face risk and damage not anticipated by our current
planning and decision-making processes.
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Our rapidly changing climate will affect nearly every aspect of our lives as Oregonians. As nature changes,
the human use of nature – in terms of our farms, forests, and fisheries – will be forced to change as well. It
will affect our food supply. The types and productivity of crops will change, and the timing of fish runs
and relative abundance of marine species will change. Even pristine wilderness untouched by human
activity will face disruptions.

In the human-built environment, our transportation system, land use planning, and building design will all
face unprecedented challenges as we face the impacts of a changing climate. These changes are fundamen-
tal, and will require a transformation to a much lower-carbon energy system. Meeting the climate chal-
lenge also will require a transformation in the ways we plan for the future and make decisions about
infrastructure development. We can no longer rely on the past as a useful predictor of the future. Because
our planning and governance systems are organized around discrete problems (e.g., water availability, air
quality, land use planning), the challenges of climate change are especially difficult. Both the impacts and
mitigation of climate change cross the boundaries that our planning processes treat separately.

Our capacity to plan and adapt to these overarching changes in our environment is currently limited. In
order to effectively address the changes, uncertainty, and risk posed by climate change, we must enact
fundamental changes that will transform our planning processes:

• First, we need to add the consideration of climate change as a key element in our current planning
and decision-making processes.

• Second, we need to modify our planning and decision-making processes so that we conduct them
on a holistic basis that considers multiple interconnected systems – as well as mitigation and
adaptation – simultaneously.

• Third, we need develop dynamic planning and decision-making processes, with preparation and
adaptation to change as a cornerstone.

Oregon is best served by this proactive strategy to build a planning framework that will ensure that our
investments in infrastructure are sustainable within the context of an interconnected landscape of environ-
mental change. Developing this framework will not only help ensure the health and robustness of both
our economy and the natural environment, but it will provide significant opportunities for economic
growth. Oregon is viewed as a leader in planning, and the knowledge and tools Oregon develops could
serve as the basis for new businesses that provide similar services to other regions in the United States, as
well as globally.

By meeting the climate challenge in a comprehensive way, we can ensure a sustainable, prosperous future
for all Oregonians. The CCIG has developed a four-part report that provides a framework for meeting this
challenge. These parts are 1) preparation and adaptation; 2) mitigation; 3) education and outreach; and
4) research.
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CCIG KEY RECOMMENDATIONS

Much information about climate change already exists that can be acted upon in rapid order. For example,
we know that there are ample opportunities to increase energy efficiency in buildings. Capturing these
savings would reduce emissions and produce cost savings. Water conservation can be increased among
municipal, industrial and agricultural users. Efforts here would reduce the long-term costs of water pro-
curement and management. Many other examples of readily available information exist that could be
rapidly deployed to reduce emissions and prepare for climate change.

In this spirit, the CCIG recommends that Oregon move forward with the following key actions for
addressing climate change. The Governor, the Legislature, the new Global Warming Commission, and state
agencies should place these recommendations as one of their highest priorities. These recommendations
fall within ten key themes:

1. IMMEDIATELY BEGIN PREPARING FOR CLIMATE CHANGE

Even if greenhouse gas emissions are rapidly reduced, the long time scales of the Earth’s ocean systems
will cause global temperatures and sea levels to continue to rise over the next century. Oregon, like many
regions of the world, is vulnerable to the effects of global climate change, which makes it imperative for
the state to rapidly prepare for the coming effects of warming. Planning now for a different and uncertain
future can benefit the present in many ways. Thinking strategically now about future risks posed by
climate change can reduce those risks and also produce future benefits, for example, by building infra-
structure such as expanding water supply or storm treatment facilities now rather than more expensively
in the future.

➔ Prioritize increasing resiliency within Oregon’s natural, built, human and economic systems
before major impacts occur.

➔ Require and encourage all government agencies to adopt and implement climate change preparation
plans.

➔ Assess existing capacity and develop governance systems appropriate for the rate and scale of
change that will accompany climate change.

➔ Assess existing finance mechanisms and develop new funding options as needed to account for
the longer time frames required to effectively prepare for climate change.

➔ Limit non-climate stresses on Oregon’s natural, built, human and economic systems.



page 8   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

Figure 1: Emission Goals Relative
to Forecasted Emissions

2. ACT NOW TO EXPAND, ENHANCE, AND REINVIGORATE MITIGATION EFFORTS

To address climate change, Oregon must
move towards a largely carbon-free
economy. In order to meet the State’s 2020
emissions goal, we must reduce emissions by
42 percent from forecasted business-as-usual
levels (see Figure 1). Since electricity and
transportation are the largest sources of our
state’s emissions, this means we need a
dramatic increase in the rate at which we
implement energy efficiency and non-
carbon-based energy sources, and to develop
a less carbon-intensive transportation system.
This report will later show that it appears
that Oregon is on its way to stabilizing
greenhouse gas emissions by the year 2010,
the first of the State’s greenhouse gas goals.
However, the actions that have been put in
place, as well as those that are in progress,
will only achieve about one half of the necessary reductions to meet the 2020 goal. We have made significant
progress, but much remains to be done.

➔ Enact a cap and trade regime for greenhouse gas emissions, in concert with other states and
provinces in the Western Climate Initiative.

➔ Ensure that energy efficiency goals articulated in the 2004 Oregon Strategy are met.

➔ Take action to ensure that the tailpipe emissions standards adopted by the State can go into effect.6

➔ Take action to transform our transportation and land use planning processes to reduce green-
house gas emissions.

3. DETERMINE HOW CLIMATE CHANGE WILL AFFECT OREGON’S
DIVERSE REGIONS

Although we already have useful information that can be acted upon, additional information in the hands
of decision-makers is essential if we are to successfully address climate change. We must collect new
information and develop new analytic tools in order to most effectively enact a response. Localized cli-
mate projections for the various regions within Oregon must be developed, and these localized assess-
ments are essential for both the public and private sectors to respond to climate change. Information,
practical research, analytical tools, and analyses must focus on helping Oregonians understand their

6 At the time of this report, Oregon’s adoption of California’s tailpipe standards has been put on hold, along with similar action in over a dozen
other states, by the U.S. EPA’s refusal to let California go forward with the standards.
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potential contributions to mitigation, as well as to understand the pressures that a changing climate will
place on them and the actions that they can take to prepare for and adapt to climate change.

➔ Develop localized climate change assessments that focus on impacts of a changing climate,
adaptation and preparation needs, and mitigation opportunities.

4. ASSIST OREGON INSTITUTIONS AND INDIVIDUALS IN RESPONDING TO

CLIMATE CHANGE

Oregon needs to develop the institutional infrastructure to provide actionable information to help
Oregon’s institutions and individuals understand and act on the opportunities for both mitigation of and
adaptation and preparation for climate change. Most public and private entities and households do not
currently have the capacity or the expertise to complete vulnerability assessments or develop preparation
policies and plans. Nor do existing academic, government, non-profit or private research, monitoring, or
decision-making bodies currently have the capacity to plan, prepare or respond effectively to climate
change. Recent flooding in the Northwest again has demonstrated how difficult it is to plan “outside
the box.”

➔ Lead by example by integrating systems-based planning for mitigation, adaptation, and
preparation into state agencies’ long-range processes that affect the development of physical
infrastructure.

➔ Support integrated local government planning for both greenhouse gas mitigation and climate
change preparation and adaptation.

➔ Develop the support and information infrastructure necessary for assisting business and industry
in Oregon with climate change preparation and adaptation planning.

5.  DEVELOP AND IMPLEMENT AN EDUCATION AND OUTREACH PROGRAM

The Climate Change Integration Group was charged with the development of a climate change
information and outreach plan. However, due to the interim nature of the CCIG, CCIG members believe
it is best suited to provide the Global Warming Commission with a general roadmap for education and
outreach. The Commission, as the permanent stakeholder body, will pick up the ongoing coordination of
global warming policies and activities in the state and be responsible for designing its outreach and
education program.

➔ Develop and implement a coordinated education and outreach program that will help increase
public awareness of climate change impacts, strategies and benefits.
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6.  TRANSFORM OUR PLANNING PROCESSES TO DEAL WITH CLIMATE CHANGE

At all levels of government, we need to 1) consider climate change as a key element in our current plan-
ning processes; 2) modify our planning processes so that we conduct them on a holistic basis that considers
multiple interconnected systems – as well as mitigation, adaptation, and preparation – simultaneously; and
3) develop dynamic planning processes that are designed to handle changing rather than stable conditions,
and that continually observe, understand, and adapt to change. It is especially important that we enact
these changes for transportation and land use planning, as decisions in these arenas have significant impacts
on energy use, emissions, and the robustness of infrastructure.

➔ Ask that the “Big Look” Task Force explicitly address climate change as a core issue in
land-use planning.

➔ Incorporate climate change effects and impacts into new transportation initiatives.

➔ Redesign planning tools to account for the future impacts of climate change.

➔ Use and continually improve adaptive management processes and contingency planning.

➔ Plan at larger scales to ensure that climate preparation in one sector or region does not affect
preparation elsewhere.

7. VIEW RESPONDING TO CLIMATE CHANGE AS AN ECONOMIC

DEVELOPMENT OPPORTUNITY

Responding to climate change will cause large amounts of capital to flow into both low-carbon
technology and adaptation technology. Oregon should view this transition as an economic development
opportunity. By choosing to act now, Oregon can create a business environment that stimulates and
supports both mitigation and adaptation technologies. As early adopters, Oregon businesses can earn
critical early market share. This can drive economic growth in the state and will establish a foundation for
exporting both products and expertise to other states and the rest of the world. Oregon is well-suited to
assume a leadership position in this transformation in our economy. The state has a long history of a
conservation ethic and its public and private institutions are well-known for its leading edge work on
sustainability.

➔ Build on the state’s leadership in carbon offsets resulting from the Oregon Carbon Dioxide
Standard, the nation’s first greenhouse gas mitigation legislation.

➔ Build on Oregon’s experience with managing forests by ensuring that forest carbon sequestra-
tion is acknowledged in state, regional, and national climate policy.

➔ Build on Oregon’s leadership in green building by ensuring that a whole buildings perspective is
accommodated by state, regional, and national climate policies.

➔ Link climate preparation to the existing economy and to new economic development efforts.
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8.  INCORPORATE THE PUBLIC HEALTH IMPLICATIONS OF CLIMATE CHANGE

The impacts and implications of climate change on public health have been noticeably lacking in local,
state, and federal policy on climate change to date. Given the potential magnitude of these issues, the prior
inattention to this important area should be remedied in future policy.

➔ Integrate the public health impacts of climate change into the policy, planning, and preparation
for climate change done by the Global Warming Commission, the state, and the research sector.

➔ Recognize and incorporate the benefits to public health of many climate change mitigation,
preparation, and adaptation activities.

➔ Watch for unintended public health consequences of climate change mitigation, adaptation, and
preparation activities.

9. CONTINUE TO DEVELOP AND REFINE A CLIMATE CHANGE RESEARCH

AGENDA FOR OREGON

The CCIG has endeavored to develop suggestions for a research agenda on climate change for the
Oregon University System and, to a lesser degree, for state agencies and the private sector. Research is a
vital component of the framework Oregon needs to develop to assist individuals, businesses and govern-
ments to incorporate climate change into their planning processes. In addition, it is now clear that equal
attention has to be given to the human dimension of climate change processes. It is clear that the newly
created Oregon Climate Change Research Institute (OCCRI) must work with the new Global Warming
Commission to address research needs.

➔ Create a Climate Change Research Working Group to advise the OCCRI so it can design and
conduct a workshop of university researchers alongside business and community leaders to help
develop a research agenda for Oregon.

➔ Coordinate research agendas across states and regions to avoid redundancy.

10. PROVIDE FUNDING FOR KEY ACTION AREAS IDENTIFIED IN THIS REPORT

The importance of adequately funding a multi-track strategy cannot be overstated. State and local deci-
sion-makers will need to marshal financial investments commensurate with the scale of climate change
and the risks it presents to Oregon’s economy, citizens, and natural environment. Key areas for immediate
funding identified by the CCIG in their deliberations are listed below.

➔ Allocate funding for multi-disciplinary and multi-county regional teams to develop and advance
regional adaptation and preparation agendas, as well as potential regional mitigation strategies.

➔ Allocate funding for education and outreach activities in the range of $100,000.

➔ Provide additional funding for OCCRI in the range of $800,000 per biennium.
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INTRODUCTION TO

FRAMEWORK ELEMENTS

The record of Earth’s climate is one of constant change on a wide range of time scales, such as the shrink-
ing and expansion of the polar ice caps over tens of thousands of years, decadal scale drought cycles in the
desert Southwest, and year to year variations in coastal ocean upwelling. However, human activities (pri-
marily through the use of fossil fuels) are now beginning to force the Earth’s climate beyond the range of
natural variability that has been experienced over the past several hundred thousand years. With the
increased level of global interdependency of our economy and our high level of dependence on technol-
ogy, localized disruptions can have enormous and sometimes unexpected impacts on Oregon.

For example, Hurricane Katrina is estimated to have caused the permanent displacement of over 200,000
people, some of whom relocated to the Pacific Northwest. If such destructive storms continue to displace
more people, this could have serious impacts on many regions of the country, just as the Dust Bowl did in
the first part of the 20th century. Scientists also recently documented a link between increased rainfall in
the northern Hemisphere with climate change, which may explain the summer flooding in parts of the
U.S. and England.

Past episodes of climate variability have generally been limited regionally or of short duration. For ex-
ample, shifts in atmospheric and ocean circulation result in a phenomenon known as the Pacific Decadal
Oscillation (PDO). The PDO causes long-term oscillations in salmon populations, but from an economic
perspective shifts in management and harvesting strategies can be implemented to accommodate times of
low populations. The challenge now, however, is that we appear to be entering a period of more persistent
shifts as well as more frequent periods of extremes.

Although market-based economies thrive on (and require) some level of uncertainty, if situations become
nearly unpredictable and chaotic, markets can become unstable. We may no longer be able to use past
conditions to help us predict the future. In a sense, it is the difference between investing and gambling.

Changes in average climate conditions, as well as changes in the level of variability, will complicate all
aspects of personal, business, and governmental planning. Managing risk in an increasingly uncertain
environment is extremely difficult. There will be unexpected linkages that are difficult to reconcile be-
cause of conflicting values and needs.

For example, warmer winters may shift the peak in runoff to earlier in the spring, meaning less water
available for salmon migration, crop irrigation, and power generation. Warmer summer temperatures
would also shift electricity demand in both the Northwest and California, further exacerbating the diffi-
cult balancing act between these competing needs for water in the Columbia River hydroelectric system.
Sea level rise is likely to erode beaches, flood low-lying areas, and increase the damage during storm
surges. Changes in average growing season temperature will change the types of wine varietals that may be
grown in Oregon, making some areas suitable for wine growing that presently only support less valuable
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crops, while making some high value wine grapes such as Pinot Noir more difficult to grow. Changes in
climate will affect public health, as patterns of communicable diseases and disease vectors in Oregon
change; chronic disease risk factors like ambient pollen concentrations, the prevalence of smoke from
forest fires and physical activity patterns are altered; and economic changes threaten communities and put
some Oregonians at risk for family violence and suicide.

The CCIG, through this report, seeks to start development of a framework to assist individuals, businesses,
and governments incorporate climate change into their planning processes. The framework will need to
evolve as our understanding of climate change improves and as we identify potential linkages and risks.
The guiding principles will be threefold:

• Reduce our carbon “footprint” through increased energy, water and materials efficiency and
reliance on renewable energy sources, cap and trade policies and other approaches.

• Prepare for and build resilience in our natural, built, and human systems while managing risks that
might have catastrophic or irreversible consequences.

• Capture the social and economic opportunities that climate change presents.

The framework must acknowledge that some degree of climate change is now inevitable, and that a
sustainable economy, a sustainable environment and the protection of public health are not irreconcilable.
Building a planning and decision-making process that can meet these needs is essential if Oregon is to not
only respond to climate change, but to prosper.

Our ability to respond effectively and prosper during climate change will, in large part, depend on our
approach. We can view climate change as a problem to be solved or as a dilemma that will require our
continuing attention and response. Problem-solving often seeks to make something unpleasant go away,
expecting that there is a “once and for all solution.” Approaching issues as a dilemma recognizes that there
is a continuing process of testing, adaptation, and revision. The vision is positive, focused on continual
innovation. Oregonians can create new ways to design, produce, and deliver energy, food, and other goods
and services, and to manage our landscapes that enhance the climate, natural environment, public health
and our quality of life. Innovation in the context of climate change offer tremendous opportunity for
Oregonians to enhance our economic and social systems if we orient ourselves this way.

In this overall context of a planning framework for climate change, the CCIG developed a four-part
report. These parts are 1) Preparation and Adaptation, 2) Mitigation, 3) Education and Outreach, and 4)
Research. The CCIG believes that climate change represents both risk and opportunity, and that there are
solutions that will not only make Oregon more resilient, but will improve the public’s health and our
quality of life. By meeting these challenges in a comprehensive way, we can ensure a sustainable, prosper-
ous, and healthy future for all Oregonians.
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PREPARATION AND ADAPTATION

1. SUMMARY

Even if greenhouse gas emissions are rapidly reduced, the long time scales of the Earth’s ocean
systems will cause global temperatures and sea levels to continue to rise over the next century. Oregon,
like many regions of the world, is vulnerable to the effects of global climate change, which makes it
imperative for the state to rapidly prepare for the coming effects of warming. It is, therefore, vital to
rapidly devise, test, fund and implement strategies and policies to prepare Oregon’s ecosystems and
biodiversity, built infrastructure, human services, and economic systems to adapt to climate change.

Planning now for a different and uncertain future can benefit the present in many ways. Thinking
strategically now about future risks posed by climate change can reduce those risks and also produce
future benefits, for example, by increasing energy and water efficiency now and reducing the need for
additional supplies in the future; or building infrastructure such as storm treatment facilities that can
handle extreme storm events now, rather than paying for the costs of repair and cleanup in the future.

A more effective dialog with the public regarding climate change must be coupled with understanding
or information about specific regional or local impacts and the need for climate preparation. Most
public institutions, private organizations, communities or households have yet to begin a systematic plan
to identify and reduce their vulnerabilities and increase resiliency to these vulnerabilities.

Most public and private entities and households do not currently have the capacity or the expertise to
complete vulnerability assessments or develop preparation policies and plans. Nor do existing academic,
government, non-profit or private research, monitoring, or decision-making bodies currently have the
capacity to plan, prepare or respond effectively to climate change. Recent flooding in the Northwest has
again demonstrated how difficult it is to plan “outside the box.”

Although climate change poses serious challenges to businesses and local economies, it also provides
numerous benefits and opportunities. Oregon could secure and capture competitive advantage in many
of these sectors, and enhance jobs and incomes as a result. Oregon and Oregonians should immediately
begin preparing for climate change using the principles detailed in this section.

2. CONTEXT

Even if greenhouse gas emissions are rapidly reduced, long time lags in the Earth’s atmospheric and
oceanic systems will cause global temperatures and sea levels to continue to rise over the next century and
longer. The Intergovernmental Panel on Climate Change (IPCC) notes in its 2007 assessment that the “com-
mitment” to future climate change may also involve unforeseen feedbacks to other components of the climate
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system. Oregon is exceptionally vulnerable to the effects of climate change because its natural systems and much
of the economy is dependent on water. Climate change is likely to bring significant changes to Oregon’s water
resources. Snow pack, for example, is already down an average of about 30 percent and spring runoff comes
earlier, leaving lower flows in summer months. Lower stream flows affect agriculture, municipal water systems,
fish and wildlife, water-based recreation, and summer hydropower sales.

Combined with projected population growth and regional differences in water availability due to geologi-
cal factors, Oregon faces a severe resource allocation problem that will challenge the whole system of
water rights. Lower flows also increase the likelihood of water quality problems. In addition, warmer
temperatures and drier soils combine to raise the risk of forest and rangeland fires. Assuming similar
patterns and statistical relationships hold in the future, as was seen in the later part of the last century, acres
burned in Oregon are projected to increase 50 percent by the 2020s and by as much as 100 percent by the
2040s. As a result, the Oregon Department of Forestry could see its proportionate direct costs for fire
control increase to $60-96 million by the 2020s and to $80-128 million by the 2040s. Additional wildfire
costs from lost timber value, lost recreation, and air pollution are likely to be much larger.

Not only terrestrial systems are at risk from
climate change. Marine systems also are in
jeopardy. Storm surges and sea level rise
will cause increasing erosion on the coast,
potentially affecting beach sand, roads and
other infrastructure, and property. Estuaries
are likely to be affected by the incursion of
more salt water caused by rising sea levels.
Shifts in atmospheric circulation are likely
to affect coastal ocean ecosystems and
productivity. Many other economic, social
and environmental impacts are likely as
global temperatures rise. The frequency and
severity of precipitation events is increasing;
winter storms are coming earlier; and more precipitation falls as rain rather than snow. All of this leads to
increased flooding, property damage, and mortality. Floodplains need to be updated, not based on the past,
but based on future expectations of climate change. Severe storms will likely cause problems managing
storm water with subsequent negative impacts on water quality and endangered species.

While it is imperative to take aggressive steps to resolve global warming by reducing greenhouse gas emissions,
the effect of such actions will not be felt for 30 to 50 years. The impacts of climate change, however, are already
evident and will be increasingly significant. It is, therefore, vital to rapidly devise, test, fund and implement
strategies and policies to prepare Oregon’s ecosystems, built infrastructure, human services, public health, and
economic systems to withstand and adapt to climate change. Recent studies suggest that climatic and ecological
changes caused by global warming are occurring more rapidly than previously projected by scientific models,
and that specific trends such as arctic ice melt and ocean acidification are increasing. These rapid changes call
into question the adequacy of existing public and private sector planning, monitoring and evaluation, commu-
nication, economic development, and governance systems. This underscores an urgent need to develop new
models and strategies to help Oregonians prepare for and adapt to climate change. The new models and

Doug Jones, USFS
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strategies must expand the time frame and scales at which planning is done, increase the speed at which data is
gathered, assessed and disseminated, include validation and monitoring, and improve the way and pace at which
preparation and adaptation decisions are made at all levels of society. Climate preparation will therefore chal-
lenge Oregonians to innovate and develop expanded approaches to planning, implementation, research, moni-
toring, and governance in order to keep pace with the speed of change occurring due to climate influences.

The U.S. Government Accountability Office (GAO) in September 2007 admonished its principal land
management agencies for not incorporating climate change preparation into their strategic plans and
management actions, and for focusing on the short-term. Like the recommendations in this chapter, it
based its findings on the views of scientists, economists, and resource managers. Similar conclusions apply
to local, state and federal government agencies, as well as the private sector, non-profits and individuals in
Oregon: few have yet to meaningfully incorporate climate change preparation into their plans and activities.

Planning now for what seems certain to be a very different future can benefit the present in many ways.
For example, reducing energy, water and material consumption saves money now while increasing resil-
iency for future times in which energy prices are higher and shortages occur due to climate change. Local
and state governments are on the front line of responses to emergencies. Thinking strategically now about
future risks posed by climate change can reduce those risks and also produce future benefits.

3. RECOMMENDED ACTIONS IN 2004 STRATEGY AND STATUS REPORT

The 2004 Oregon Strategy for Greenhouse Gas Reductions acknowledged that Oregonians “will be adapting
to the effects of warming for several generations to come.”  This is because “under the most optimistic
assumptions, CO

2
 accumulations level off at between 450 and 550 parts per million by mid-century before

effective mitigation…begins to reduce concentrations.” It warned that, “if only Oregon and a few other juris-
dictions act to mitigate emissions, the adaptation challenge grows commensurately, and, eventually, beyond our
capacity to adapt.” The report makes no specific recommendations regarding preparation except:

The Advisory Group believes the next task, once Oregon has determined its near-term mitigation course, will be to
identify adaptation actions, set an adaptation strategy and implement it. This task is beyond the charter of this Group,
but final recommendations include encouraging the Governor to assemble a successor group of citizens and government
agencies to take on this next great challenge.

As recommended by the Advisory Group, the CCIG has addressed current issues and challenges for
preparation and adaptation, and these are described below.  However, additional work is needed to develop
action strategies around preparation and adaptation and it is expected that the successor group to the
CCIG – the Global Warming Commission – will take up this challenge.

4. CURRENT ISSUES AND CHALLENGES

4.1 Lack of Public Awareness of Risks
Increasing public awareness of climate change has not been coupled with understanding or information
about specific regional or local impacts and the need for climate preparation. Nor have many public
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institutions, private organizations, communities or households begun a systematic plan to identify and
reduce their vulnerabilities and increase resiliency to these vulnerabilities. Yet climate impacts are likely to
grow over the next half-century regardless of the success of international efforts to reduce greenhouse gas
emissions. While efforts are underway to reduce greenhouse gas emissions through energy efficiency and
renewable projects, few attempts have been made in the state to analyze vulnerabilities and develop plans
and policies to increase resiliency and reduce those vulnerabilities for human, built, and natural systems.7

Plans for preparation and adaptation to climate change are greatly complicated by continuing scientific
uncertainty on the course of climate change and its impacts on regional and decadal scales. Moreover,
organizations and people are more concerned about complex questions regarding the interaction of
society and economies with climate change, rather than relatively straightforward questions of large-scale
changes in snow cover. But changes in snow cover do affect municipal, industrial, and agricultural water
supplies, the hydroelectric system, recreation, and tourism. While some preparation investments may be
difficult to justify, business and governments frequently make investments under conditions of uncertainty.

4.2 Lack of Capacity to Design
Preparation Plans

Specific threats to the human and natural environ-
ment in the snow melt-dependent portions of our
state and the likelihood of increased drought, wild-
fires, storm events, floods, sea level rise, biological
invasions, species extinctions, and new disease patho-
gens affecting human, animal and plant health have
not been met with effective capacity building within
government or the private sector. Most public and
private entities and households do not currently have

the capacity or the expertise to complete vulnerability assessments or develop preparation policies and
plans. Nor do many existing academic, government, non-profit or private research, monitoring, or
decision-making bodies currently have the capacity to plan, prepare or respond effectively to climate
change. New research and monitoring paradigms, adaptive planning, and governance mechanisms will be
needed at the local, state, regional, and federal levels to incorporate and respond in a timely way to rapidly
changing climate impacts. Where capacity and expertise exists, state agencies can build on these programs
and the knowledge-base.

4.3 Gaps in Oregon’s Public Health System
The lack of state investment in Oregon’s public health system has made it difficult for public health
agencies to carry out their core functions of detecting and characterizing health threats created from or
worsened by climate change and mounting effective responses. Oregon’s investment in public health is
among the lowest in the U.S., and local governments, struggling with lack of revenue, have not been able
to fill the gap. Enhancing the public health system’s ability to respond to climate change-related threats
will also yield collateral benefits in health protection in other areas.

7 One recent attempt to increase awareness and begin a dialogue about preparation and adaptation for coastal community local government officials
was a workshop held by the Oregon Coastal Management Program inOctober of 2007.  The results of an informal survey taken during that workshop
are informative as to the range of opinions and interests in preparation and adaptation strategies at the current time.  See Appendix 6 for that survey.

Oregon Dept. of Energy
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4.4 Lack of Awareness of Climate Preparation Opportunities
Although climate change poses serious challenges to businesses and local economies, it also provides
numerous opportunities. The global market for low carbon goods and services is expected to be $500
billion or more by 2050 because society will be seeking ways to reduce carbon emissions. Oregon is
well-suited to capture competitive advantage in several of these sectors, and enhance jobs and incomes
as a result. The demand for solar and wind energy technologies will grow, for example, and Oregon is
well-positioned for some of these markets. In agriculture the need to adopt new crop varieties suitable to
a changing climate may be a boon for early adopters. Climate refugees from high impact coastal or
drought-stricken areas may enhance the work force and the economies that have the capacity to integrate
them. Preparing for climate change is also likely to provide benefits to public health and other advantages
that will not be inconsequential. Information about climate change should avoid purely pessimistic
predictions and be framed around both risks and opportunities in a positive and accurate manner.

5. FINDINGS

The Climate Leadership Initiative (CLI) at the University of Oregon, in partnership with the Governor’s
Climate Change Integration Group (CCIG), initiated a project to identify the key principles, strategies
and policies that should guide climate preparation and adaptation in Oregon. CLI has organized the
project into four interrelated tracks: natural systems (ecosystems and biodiversity), human services (hospi-
tals, public health, emergency management), the built environment (buildings and public infrastructure),
and economic systems (forest products, agriculture, high tech, and all others). The project began in the
summer of 2007 with separate meetings involving people from the public, private, non-profit and academic
sectors with expertise or knowledge important for the development of a framework for preparing and adapting
to climate change in Oregon. More than eighty persons representing dozens of different public, private and
non-profit organizations have participated in the development of these recommendations.

The groups came to the following conclusions about climate preparedness in Oregon:

• Climate change poses serious threats to the state’s natural systems, built systems, the economy and
human service systems. Because it is not possible to know in advance when significant impacts will
occur, and because of the significant lead time typically required for major infrastructure changes,
preparation planning within each of these sectors should begin as quickly as possible. A first step is
to identify the key vulnerabilities and develop strategies to reduce those risks.

• Preparing for climate change offers both the private and public sectors several benefits. For ex-
ample, reducing emissions will also improve air quality as well as public health. Increasing energy
and water efficiency will provide Oregon’s energy and water systems with increased capacity and
resiliency while also saving money. Oregon companies can capture segments of growing markets
in new products and services that will be needed to help people across the globe prepare for
warming. Activities that produce co-benefits should be a high priority for preparation planning.

• While there is increasing awareness in both the public and the private sectors of the potential
impacts of climate change in the state, few public or private organizations are developing formal-
ized strategies and plans for reducing vulnerability to these impacts and increasing resiliency.
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• Federal, state and local governments have a primary responsibility to prepare for climate change by
ensuring continuity of services in public health and safety, emergency response, critical aspects of
built infrastructure including communication, transportation, energy and water systems, and the
ecological processes and systems that everyone depends on for sustenance.

• The public’s need for information about climate change impacts, as well as preparation and adapta-
tion strategies and their costs and benefits, is a paramount governmental responsibility that will
require significant investments in new planning, rapid response data gathering and dissemination,
and communication systems.

• Professional organizations and trade associations also have a paramount responsibility for commu-
nicating information about the risks and opportunities posed by climate change and assisting their
members to develop and implement climate preparation plans.

• Existing financing mechanisms applicable to climate preparation may not be adequate to support
the range of actions needed to prepare and continually adapt natural, built, human and economic
systems to climate change.

• Every private company and household in Oregon should consider preparing now for climate
change impacts. The state can play a key role in facilitating information and technology transfer to
assists businesses, land owners, and homeowners in how to prepare.

6. RECOMMENDED ACTIONS

Based on the outcomes of the CLI processes and other research, the CCIG recommends the following
principles to guide the new Global Warming Commission and efforts across the state in preparing Oregon
for climate change:

6.1 Prevention should be the first priority
Climate preparation should seek to prevent impacts by assessing potential vulnerabilities to natural, built, eco-
nomic and human systems and developing plans and policies to increase resiliency before major impacts occur
to the most vulnerable components of these systems. Prevention will be much less costly than repairing dam-
aged systems and structures after impacts occur. Prevention is also directly linked with emission reduction
because reducing the underlying causes of global climate change will mean less preparation is required.

6.2 Prioritize the most vulnerable
Climate change will affect everyone, but people and communities with more resources and capacity will be
better able to withstand the impacts than people that are already under stress or are disadvantaged. Developing
preparation plans now will build resiliency and reduce the vulnerability of these groups most at risk. In the
natural world, endangered species and species already under stress from development and other non-climate
factors are likely to be at greatest risk from climate change and will often require special attention. Roads, water
systems and other infrastructure that are already worn or overcapacity are likely to be most vulnerable to climate
impacts. Repairing or upgrading critical infrastructure that is already at risk should be a priority.

6.3 All government agencies should adopt preparation plans
State and local agencies should meaningfully incorporate projected climate change impacts and prepara-
tion planning into all of their existing programs and policies. For example, state agencies should integrate
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climate change preparation into existing sustainability plans, agency risk management plans, or other
long-range plans. Preparation plans should include contingencies due to the uncertainties about the
intensity and timing of impacts.

6.4 Redesign planning tools
Traditional planning projects the future by looking backward at historical trends. For example, when
engineers build structures that deal with water, like bridges and culverts, they use a statistical analysis of
past trends. These trends may no longer represent future events as storms become more frequent and more
intense. Traditional planning also usually takes into account only short-term (1-10 year) factors that may
influence an organization or region. Climate change means, however, that the future will not look like the
past and environmental changes will continue to speed up in the future. Climate preparation planning
should occur at long time intervals, 10-25 and even 50-75-year scales, especially if major investments are
being made in infrastructure that are expected to last more than 10 years.

6.5 Plan at larger scales to ensure that climate preparation in one sector or region does not
affect preparation elsewhere

Efforts to increase resiliency to climate impacts within one sector or region must be carefully meshed with
similar efforts underway within other sectors and regions if they are to succeed. For example, municipal
water storage for resistance and resilience to cope with drought may negatively impact aquifers used for
agriculture or fish. Positive benefits may also result from such integration. For example, preparation efforts
within forestry and agriculture must be linked with natural system preparation efforts. In many cases
achieving this integration will require planning at much larger scales than is currently done. We need to
strengthen our approaches to integrated, system-wide planning. We continue to do such planning in a
stove-piped manner, without examining impacts on sectors outside our sphere of interest. For example,
armoring beaches changes sand transport and wave intensity which can have negative consequences on
the adjacent shoreline.

6.6 Link climate preparation to the existing economy and to new economic development efforts
Following from the previous principle, climate preparation measures, existing economic activities, and new
economic development efforts must be carefully linked to ensure that one does not undermine the other.
For example, carbon sequestration policies may provide incentives to farmers to use no-till cultivation, and
to foresters to conserve standing timber. New crop varieties more suitable to warmer temperatures and
drier climates may save water and allow more water to be left instream for fish, while reducing pumping
costs and providing more economic stability.

6.7 Limit non-climate stresses
Climate change is occurring at a time when many other stresses already affect Oregon’s natural, built,
human and economic systems. For example, habitat loss and fragmentation, low summer water flows,
overfishing, and invasive species already threaten many species in Oregon. Climate change is likely to
exacerbate these stresses, for example, by reducing summer stream flows even further, or causing more
flooding events due to greater rain-on-snow events coupled with land-use practices that create erosion
prone slopes. Similar dynamics exist in built, human and economic systems. Many of these stresses can be
controlled at the state and local level, even if global climate change cannot. Land-use codes, for example,
can be used and improved to discourage occupancy in flood, fire, or landslide hazard areas. Insurance
premiums should be aligned with hazard risk and businesses should adopt a risk-management approach.
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Preparation measures should be rewarded. Planners and managers should identify and implement methods
for increasing climate resilience by reducing the locally produced stresses.

6.8 Use and continually improve adaptive management processes and contingency planning
The speed at which climate change is occurring and the uncertainty of the exact nature or timing of the
impacts means that a flexible and responsive approach to climate preparation will be needed. The effec-
tiveness of various preparation methods should be continually analyzed and approaches adjusted as new
information becomes available.

6.9 Assess existing capacity and develop governance systems appropriate for the rate and scale of change
Given the rapid rate at which climate change may affect the state, Oregon’s existing governance systems, includ-
ing formal decision-making bodies such as the state legislature, commissions, city councils and county commis-
sions will likely need to consider ways to speed up the rate at which information is considered and decisions are
made. In addition, new forms of governance should be considered, especially at the local and regional scales.
Watershed councils, for example, were a new form of governance developed in the early 1990s to facilitate
watershed planning and management. Similar types of new governance mechanisms may be needed to plan,
prepare for, and adapt to climate impacts at the local, eco-region and broader levels.

6.10 Assess existing finance mechanisms and develop new funding options as needed
Connected to assessing governance systems (6.9) is the need to analyze the finance mechanisms available
for climate preparation. Because longer time frames and wider planning and management boundaries may
be needed to effectively prepare for climate change, new financing mechanisms may be needed at the
public and private levels. The group involved with the CLI human services preparation planning project,
for example, advocated a state rainy day fund to provide emergency response for anticipated extreme flood
and fire events. Other experts suggested that carbon emission penalties might be appropriately applied as a
funding source for preparation measures, under the polluter-pays principle.

6.11 Coordinate research agendas across states and regions
Academic institutions, including the new Oregon Climate Change Research Institute, as well as federal,
state, local, and private research efforts, should be meaningfully coordinated to identify priority data needs,
and avoid unneeded costs and redundancy in data collection. Impact data should be scaled down to local
and eco-region levels. Climate change observation and monitoring systems should be developed that track
local trends in temperature, precipitation, ecosystem integrity indicators, new disease pathogens, and other
climate change-related health outcomes.

7 ADDITIONAL ACTIONS
Several specific actions should follow from the findings, principles and data gaps. For natural systems, for example,
existing habitat reserves may need to be examined for their effectiveness and new ones established, along with
expanded migration corridors to facilitate species migration due to changing climatic conditions. Upgrades to
building codes to reinforce new buildings against extreme weather events, providing better public information
on climate-related health threats, and experimenting with new agricultural crop varieties better suited to a
changing climate are other examples. The limitations of existing tools and measures to protect ecosystems,
buildings, public infrastructure, human services and economic sectors in a new climate will require investigation
along with the data gaps identified by the four groups that are included in the research chapter of this report.
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MITIGATION

1. SUMMARY

In December 2004 the Governor’s Advisory Group on Global Warming presented the Oregon
Strategy for Greenhouse Gas Reductions to the Governor. That report provided an ambitious agenda
of mitigation actions for the state to pursue. In addition, it proposed emission reduction goals for
2020 and 2050. These goals were adopted by the Legislature in the 2007 session. The CCIG has
examined to what extent progress on these actions has brought us closer to the state’s greenhouse
gas reduction goals. The CCIG also worked to identify additional high priority mitigation oppor-
tunities that were not addressed in detail by the 2004 report.

Given that implementation of those actions is still at such an early stage, CCIG members focused
on five areas for comment:

1. The CCIG recommends that greater attention be paid to transportation and land use policy,
including detailed recommendations contained in this report in part 7 of this chapter.

2. The CCIG members urge a redoubling of efforts toward completing measures identified in the
2004 Oregon Strategy that have either not seen sufficient progress or have not yet been imple-
mented – with special priority placed on energy efficiency measures.

3. The CCIG recommends that the State add a “whole building” component to maximize
opportunities in the buildings sector.

4. The CCIG urges the State to ensure that the vehicle tailpipe standards recommended in the
Oregon Strategy and adopted by the State can go into effect.

5. The CCIG recommends the State enact a cap and trade regime for greenhouse gas emissions,
in concert with states and provinces in the Western Climate Initiative.

The cumulative emission reductions expected from actions from the 2004 Oregon Strategy and now
in place (through legislation or other policy) and actions in progress (i.e., partially in place or
partially completed) are charted in Figure 2 later in this chapter. In short, this figure indicates that
Oregon appears to be on its way to stabilizing greenhouse gas emissions by the year 2010, the first
of the State’s greenhouse gas goals. However, it is also clear that even if Oregon completes all the
actions that are “in progress” today, those actions – in combination with the actions that are in
place today – will only achieve about half the necessary reductions to meet the 2020 goal.  More-
over, future emissions growth will likely swamp the near-term gains of the actions recently put in
place unless those actions are strengthened over time to compensate and additional actions – beyond
those identified in the Oregon Strategy – are taken in the future.
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2. CONTEXT

In December 2004, the Governor’s Advisory Group on Global Warming presented the Oregon Strategy for
Greenhouse Gas Reductions to Governor Ted Kulongoski. The goals recommended by the Oregon Strategy
were based on the best available scientific studies on the unintentional build-up of greenhouse gases in the
atmosphere, the current and future effects of these gases, and benefits of reducing future emissions. The
actions recommended by the Oregon Strategy were based on technologies and policies that were either
currently available or emerging.

The development of the Oregon Strategy’s goals and actions was guided by a set of principles adopted by
the Global Warming Advisory Group. These principles took a wide range of factors into account: basing
the Oregon Strategy on science; placing a priority on the most cost-effective solutions; maximizing our
economic well-being while achieving climate stabilization; stimulating low-carbon innovations while
building on Oregon’s leadership in sustainability as a key focus of economic development; taking action
commensurate with Oregon’s share of the problem by working in concert with other states; recognizing
and accommodating the competitiveness needs of Oregon business, preserving energy reliability, and
equitably allocating costs and benefits. This report from the Climate Change Integration Group reaffirms
these principles. The full set of principles appears in Appendix 5.

2.1 Co-Benefits to Climate Change Mitigation
Actions that reduce or sequester greenhouse gas emissions solve a wide variety of environmental, health,
economic and political problems in addition to mitigating climate change.

2.1.1 Environmental
• Biodiversity protection. Land-use change, mostly in the form of deforestation, is responsible for 18.2

percent of global greenhouse gas emissions.8 Deforestation and associated habitat loss are currently
causing the most rapid mass extinction of life ever recorded over the earth’s 4.6 billion years.9

Reforestation, therefore, has the potential to mitigate both climate change and a biodiversity crisis.

• Resource preservation. Mitigating climate change requires using fewer resources. Mining,
smelting, refining – all the elements of resource extraction – are energy intensive and will, there-
fore, be minimized in a carbon-constrained world. Likewise, water resources often can be extended
through practices that also cut energy use. Mitigating climate change, therefore, promotes using the
resources we have extracted efficiently and intelligently.  This protects not only the climate, but
also leads to fewer environmentally destructive mining and industrial processes.

2.1.2 Health
• Reduction in local and regional air pollutants. Combusting fossil fuel emits CO

2 
and other

local and regional air pollutants, including sulfur dioxide, ozone and particulate matter.  Mitigating
climate change requires combusting fewer fossil fuels, resulting in people breathing fewer of these
local and regional pollutants, which can trigger asthma attacks and other lung and heart problems.

8 Baumert, Kevin, Timothy Herzog, Jonathan Pershing. 2005.  Navigating the Numbers: Greenhouse Gas Data and International Climate
Policy.  Washington, D.C.: The World Resource Institute.
9 Thomas, J.A. et al. 2004. Comparative Losses of British Butterflies, Birds and Plants and the Global Extinction Crisis. Science 303:1879-1881.
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• Increased use of public transportation. Lack of physical activity is a major contributor to obesity
and other adverse health outcomes.  Because using public transportation requires walking to or from
transit stops, increasing public transportation use can substantially increase daily physical activity.

2.1.3 Economic/Political
• Energy Security. Mitigating climate change requires weaning ourselves off of fossil fuels.  There

is no silver bullet energy source which can take their place.  Instead, fossil fuels will be replaced by
a diversity of different energy options which can be produced within the United States.  This
substitution will come at a time when the U.S. is becoming increasingly dependent on the Middle
East to meet its energy needs.

• Cost Savings.  Mitigating climate change will require significant advances in the efficiency of our
energy consumption.  While break-through technologies will emerge in a carbon-constrained
economy, considerable and immediate results can also be achieved today with off-the-shelf energy
efficiency technologies that cut costs and
pay for themselves.10  This co-benefit is
particularly important for low-income
energy consumers, whose energy bills
represent a large portion of their income,
and also plays a role in keeping Oregon
businesses competitive.

• New Jobs.  Mitigating climate change
requires creating a new clean energy
industry to fuel transportation, building and
industrial needs.  This energy industry will
require engineers and physicists, but also
what Van Jones of the Ella Baker Center
for Human Rights labels “green collar
jobs” – workers to install solar panels, upgrade the efficiency of buildings, implement sustainable
agriculture, etc.11

3. RECOMMENDED ACTIONS IN 2004 STRATEGY AND STATUS REPORT

3.1 Status of Recommended Actions in the 2004 Oregon Strategy Report
The 2004 Oregon Strategy for Greenhouse Gas Reductions provided an ambitious agenda of mitigation action
for the state and Oregonians to pursue. This section provides a brief summary and current status of those
actions.  Importantly, several key actions have now either been put in place or have been passed into law
or regulation, allowing us to say with a degree of confidence that their impacts will carry forward through
at least the year 2025.  These actions, as well as their predicted emission reductions in the year 2025, are
summarized in Table 3 on the following pages.

10 A global study of the size and costs of measures to reduce greenhouse gas emissions found that 25% of reductions needed to meet the 450 ppm could be
achieved by energy efficiency measures that paid for themselves. Source:  “A Cost Curve for Greenhouse Gas Reductions,” the McKinsey & Company, 2007.
11 http://www.ellabakercenter.org

Bruce Sullivan
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The vast majority of actions in the 2004 Oregon Strategy for Greenhouse Gas Reductions are neither established nor
completely finished. Instead, many of these recommendations have seen some progress over the past several
years, but are not at a point where we feel comfortable labeling them as having been completed or put in place.
This fact is compounded by the fact that many of the original recommendations in the 2004 report were
actually suites of recommendations – a single package of bulleted points addressing a range of areas within a
topic.  For this reason it is difficult to quantify the reductions involved with these recommendations, but they
are instead packaged together as the “In Progress” actions remaining from the 2004 report.  Table 4 on the
following pages lists these actions and provides a status report on where they are if that information is available.

A small number of actions recommended in the 2004 Oregon Strategy for Greenhouse Gas Reductions report
are addressed in some detail for the first time in this report. These actions are listed below in Table 1. By
addressing these items in detail, the CCIG does not consider that these action items from 2004 are now
complete. The opposite is clearly true. However, it is hoped that by fleshing out these recommendations in
detail, additional progress can be made toward achieving these recommendations.

Table 1:  Actions from 2004 Oregon Strategy Addressed in this Report

Action from Summary of Action Million Metric Tons of CO2

2004 Report equivalent (MMTCO2e) by 2025

IA-3 The Oregon University System should develop strategic and targeted research,
development and demonstration (RD&D) programs for greenhouse gas
reduction technologies.

IA-4 The Advisory Group should work with state agencies, colleges and universities,
schools, non-profit organizations and businesses to develop a global warming
education program that will provide information and outreach to the public.

TRAN-2 Integrate land use and transportation 0.40 (old estimate likely not valid
decisions with greenhouse gas with new recommendations made
consequences. in this report)

Finally, it is difficult to say if any forward progress has been made on some actions from the 2004 Oregon
Strategy. Table 4 below lists those actions where either nothing has happened, or where so little has pro-
gressed since 2004 that we are uncomfortable making forward projections on any emission reductions that
may result from these programs or policies. Table 2 below lists those specific policies or actions from the
2004 Oregon Strategy where the actions described in that report have so far failed to materialize or give the
appearance of having any forward momentum.
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Table 2: Actions from 2004 Oregon Strategy Yet To Be Implemented

Action from Summary of Action MMTCO2e by
2004 Report 2025

TRAN-7 Adopt state standards for high efficiency/low rolling resistance tires. 0.12

TRAN-10 Adopt state and local incentives for high efficiency vehicles. unknown

BIOSEQ-2 Consider greenhouse gas effects in farm and forest land use decisions. 0.6

BIOSEQ-3 Increase forestation of under-producing lands. 0.5

BIOSEQ-6 Establish a municipal street tree restoration program. less than 0.1

MW-2 DEQ should develop guidance to clarify alternative final cover 0.53
performance at larger landfills: Demonstrate control of gas emissions
comparable to geomembrane cover.

MW-3 Provide incentives for larger landfills to collect and burn a minimum @65 percent: 0.47

percentage (65 to 80 percent) of methane generated. @80 percent: 0.88

MW-7 Change land use rules to allow commercial composting on land less than 0.01
zoned High Value EFU (exclusive farm use).

MW-8 Increase public awareness to discourage on-site burning of garbage, 0.02
especially fossil-carbon materials.

MW-9 Continue landfill regulation with additional reporting and analysis.

MW-10 Evaluate methane emissions from closed landfills and options to
reduce such emissions.

unknown
GOV-2 Through a collaborative effort, the Departments of Energy,

Environmental Quality and Administrative Services should
develop a process to educate agency personnel about opportunities
for GHG reductions including how to set goals and calculate
GHG reductions.
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Table 3: Key Actions Now in Place from Oregon Strategy for Greenhouse Gas Reductions

Action from Summary of Action MMT Status/Background
2004 Report CO2e

2025

IA-1 Recommend the Governor adopt near-term, Greenhouse Gas Targets adopt-
intermediate and longterm greenhouse gas ed by Legislature in 2007 session
emissions goals for Oregon. through the passage of HB 3543.

IA-2 Urge the Governor to renew the charter Permanent advisory body on cli-
of the Advisory Group on Global Warming mate change issues established
(or a successor body) to continue the by 2007 Legislature through
Advisory Group’s unfinished agenda. the passage of HB 3543

GEN-1 Increase the renewable content of electricity. 0.80 Many (if not most) actions iden-
tified in the Renewable Energy
Action Plan (REAP) are on
track, due in part to passage of
recent energy legislation.

GEN-1a Increase retail energy sales from renewable Addressed by passage of Oregon’s
resources by one percent or more annually Renewable Portfolio
in Oregon through 2015. Standard (RPS) in 2007 Session

(SB 838).  See GEN-2a.

GEN-2 Recommend the Governor create a special See Carbon Allocation Task Force
interim task force to examine the feasibility 2004 appointed by the Governor
of, and develop a design for, a load-based report finished work in January of
greenhouse gas allowance standard. for 2007 and submitted median

details proposal to Governor. Median
proposal was drafted as HG
3545 for the 2007 session. The
bill did not make it out of
committee, but work on carbon
cap and trade continues as apart
of Western Climate Initiative.

GEN-2a The GEN-2 interim task force should also 7.0 A Renewable Portfolio Standard
consider an Oregon Renewable Portfolio (RPS) was passed in the 2007
Standard (RPS) and potential changes to public session (SB 838) that requires 25
purpose charges as tools to meet a greenhouse percent of electricity sold by large
gas allowance standard and overall state CO

2
 goals. utilities to be renewable by 2025

(with lesser targets for smaller uti-
lities). Changes to the public
purpose charge were also made.
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GEN-3 Support the Oregon Public Utility 0.54 ODOE participated in OPUC proceed-
Commission’s review of rules and tariffs ings to adopt standard tariffs and rates for
for renewable and combined heat and renewable and CHP facilities under 10
power facilities. MW.  Those tariffs are in place.

EE-1b Upgrade Oregon building codes to 0.52 A joint effort of the Oregon Building
reduce energy use by at least 15 percent Codes Division and the Department
by 2015 (building shell measures). of Energy is underway to reduce

energy use by 15 percent in all new
homes.  As this report is being finalized,
there are no apparent unresolved issues
to delay adoption of this policy.

EE-1c Amend building codes to set minimum 0.09 Residential and smaller commercial
space and water heating/cooling HVAC standards are established by the
standards. National Energy Policy Act. Oregon has

upgraded the proposed residential energy
code to meet new federal standards and
is offering builders the choice to install
more efficient HVAC equipment as a
means to comply with code.

EE-1d Adopt state appliance efficiency 0.41 Oregon has passed legislation adopting
standards. minimum energy efficiency standards

for 17 categories of appliances and
equipment not regulated by the federal
government. As a result of similar actions
taken in about a dozen states, the federal
government has subsequently adopted
standards for five of the categories, and
standards are pending for several more.

EE-1f Support Oregon Public Utility 0.24- Completed. Both the Residential Energy
Commission (OPUC) actions to 0.48 Tax Credit (RETC) and the Business
evaluate NW Natural/ETO and Energy Tax Credit (BETC) saw large
ODOE natural gas incentive programs. increases in energy saved and renewable

energy produced.  There were increases
across all fuels and program types with
the sole exception of BETC electricity
saved.  Total energy saved and produced
more than doubled between final
certifications in 2005 and 2006.  Energy
from final certifications for 2007 will be
substantially more than in 2006.
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EE-1g Advocate with OPUC for Avista and 0.05 Avista adopted a comparable program
Cascade natural gas utilities to meet on October 12, 2006.  Cascade adopted
energy savings goals comparable to a comparable program on June 28, 2006.
NW Natural.  These are also operated by the Energy

Trust of Oregon.

EE-1h Advocate for federal equipment 0.40 See EE-1d
and appliance efficiency standards.

TRAN-1 Convene an interim task force to Completed. Proposal resulted in
recommend a proposal for the completion of  TRAN-1a and
Environmental Quality Commission TRAN-1b below.
or the Governor and the Legislature
to adopt emission standards for vehicles.

TRAN-1a Adopt Low Emission Vehicle (LEV II) 0.24
Emission Vehicle Standards.

The Oregon Environmental Quality
Commission adopted California’s Low
Emission Vehicle rules (including

TRAN-1b Adopt greenhouse gas Tailpipe >6.0 “Pavley standards”) to become effec-
Emission Standards (per California AB tive with the 2009 Model Year.
1493 “Pavley” standards).

TRAN-3 Promote biofuel use and production. 1.0 The 2007 Legislature passed HB 2210
to expand property tax incentives for
biofuels, establish a new tax credit for
producers and collectors of biofuel raw
materials and create an income taxcredit
for consumer use of biofuel. It also estab-
lishes a Renewable Fuel Standard (RFS)
for biodiesel and ethanol based on
meeting a threshold of in-state production.

BIOSEQ-5 Leverage the Conservation Reserve 0.2 Most eligible highly erodible lands are
Program to expand reserved acreage. now enrolled in the program. With

present rental rates for CRP and the
program cap limits, there probably
won’t be much more enticement to
enroll more acres in Oregon unless
rental rates significantly increase or the
program caps are adjusted, both of
which are unlikely.

MW-6 Develop statewide recovery infrastructure 0.03 2007 legislation created program;
for consumer electronics waste, with collections start 2009.
shared responsibility among producers,
retailers, non-governmental
organizations, and government.
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GOV-1 State agencies should use their agency State Agency Inventory completed
Sustainability Plans as the tool for by DAS and OUS in 2007.
agencies’ dynamic involvement in GHG Sustainability plan efforts around
reductions with respect to both their greenhouse gas mitigation are an
internal operations, and their external ongoing activity in most agencies.
program or regulatory activities.

Total Reductions from Completed Actions (MMTCO2e in 2025):  17.76

Table 4: Actions from 2004 Oregon Strategy That Are In Progress

Action from Summary of Action MMT Status/Background
2004 Report CO2e

2025

EE-1a Expand and coordinate electric 3.20 Residential and smaller commercial HVAC
incentive programs for standards are established by the National
Investor-Owned Utilities (IOUs). Energy Policy Act (EPACT). We have

upgraded the proposed residential energy
code to meet new federal standards and
are offering builders the choice to install
more efficient HVAC equipment as a
means to comply with code.

EE-1e Advocate with Bonneville Power 1.24 BPA and Oregon electric COUs have
Administration (BPA) and Oregon been working on new 20-year power-
electric consumer-owned utilities sale contracts. These contracts will likely
(COUs) to meet the NWPCC goal. place the responsibility for meeting load

growth on the COUs.  This will provide
better incentives for Oregon COUs to
actively pursue energy efficiency and
renewable generation as their alternative
would be wholesale power at market prices.

EE-1i Strengthen state marketing of Continuing activity of ODOE, OPUC,
energy efficiency and incentive and other agencies.  No progress on
programs; initiate Governor’s Awards. Governor’s Awards concept.

EE-2 Support OPUC and COU efforts 0.16 ODOE is working with OPUC and
for modified rate designs to reflect others to install advanced two-way
daily and seasonal peak demand. communication meters for virtually all

PGE customers over the next few years.
This technology will facilitate rate designs
to reduce peak demands.  This proceeding
should conclude in 2008.
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EE-3 Support OPUC initiatives for 0.10 High retail prices for natural gas have
natural gas and fuel switching. made the economics of fuel switching

to natural gas more difficult.
There has been no change in programs
in this area.

GEN-4 Encourage state government to 0.08 The Governor committed the state to
purchase renewables.  using 100% renewable energy for state

facilities if it proved to be feasible.
Feasibility analysis is continuing.

GEN-5 Advocate for specific federal Varies Normal activity of Governor’s Office
policies or legislation. and agencies.

GEN-6 Advocate with BPA to support Varies ODOE staff has participated in discussions
Oregon’s renewable energy measure.  about a new BPA service to integrate

and firm intermittent renewable
generation, such as wind.

TRAN-4 Review and enhance state tax credits Rules for tax credits have been improved
and local incentives for citizens  to ensure that only true hybrid vehicles
purchasing high efficiency vehicles. qualify.  Change in tax credits to reflect

mpg rather than technology would
require new legislation.

TRAN-6 Expand “Transportation Choices ODOT has funded TravelSmart pilot in
Programs” and “Travel Smart Pilots.” Salem, Bend, and Eugene. No station car

funding exists. Carpool matching and
online transit services expanded
considerably.

TRAN-8 Reduce greenhouse gas emissions State fleet continues to purchase more hybrid
from government fleet purchase and vehicles and to pursue alternative fuel options.
vehicle use. There is continued progress on incorpo-

rating efficiency into procurement practices.

TRAN-9 State and local governments should 0.10 Waiting for response from DEQ
switch to “clean diesel” fuel, vehicle Some progress known to occur.
purchases and retrofits.

TRAN-11 Set and meet goals for reduced truck Truck stop electrification project well
idling at truck and safety stops. underway, with first units installed. Overall

goals have not been set for the project.

TRAN-12 Set up traffic flow engineering 0.08 Signal coordination project underway.
“Best Practices.” Ramp metering and other ITS strategies

have been put in place throughout state.
Variable speed limits and congestion pricing
programs under consideration but not
deployed.
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TRAN-13 Set and meet goals for freight ConnectOregon I, approved in the 2005
(truck/rail) transportation efficiency; session, has 40 projects under way.  A second
achieve this through equipment, bill (ConnectOregon II) was successful in
coordination and land use. the 2007 Legislature, with 78 projects received.

ConnectOregon II is on schedule for decisions
by the Oregon Transportation Commission in
June 2008. ODOT’s revised guidelines to
local jurisdictions on preparing their Trans-
portation System Plans (TSPs) contain stronger
guidance about land use planning for freight
and industrial activities.

TRAN-14 Establish consumer awareness The Oregon Department of Transportation,
education link to transportation choices. Metro, TriMet, City of  Vancouver and other

public and private partners launched the
Drive Less/Save More Campaign in February
2006. Other areas of recommendation have
generally not been pursued.

TRAN-15 Improve mass transit and inter-city In 2004 ODOT used flexible federal funds to
transit links. initiate a small program to assist urban transit

providers in replacing older mass transit vehicles.
ODOT has Federal funds for rural and inter-
city bus service to fund new or expanded
service in Welches, Sandy,  Yamhill County,
Curry County, Linn County, Hood River,
The Dalles, Columbia County and other areas
of Oregon.

BIOSEQ- 1 Reduce wildfire risk by creating a 3.2 Since 2004, 22 MW of biomass capacity have
market for woody biomass from forests. been put into operation with approximately

20% of this additional capacity using forest
sourced thinnings (a reduction of 0.14 MMTC0

2
).

Oregon now has MOUs with federal forest
managers for forest stewardship acreage
guarantees. These MOUs address over 700,000
acres of forest over 30 years, and eliminate some
1 MMTCO

2
 annually by reducing uncharac-

teristic crown and stand clearing wildfire.

BIOSEQ-4 Expand the application of 0.2 Research has shown that continuous winter
water-erosion reducing practices wheat yields are generally not economically
for cereal production. competitive with winter wheat after fallow.

Low-till and no-till practices have proven more
promising in some areas of Oregon. Wasco
County is roughly 70 percent direct seeded.

MW-1 Achieve the waste generation 5.2 Recycling goals close to being met;
(prevention) and recycling goals prevention goals are not, but new programs
in statute. are under development.
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MW-4 Provide incentives to increase 0.02 Grants dispersed
salvage of reusable building materials.

MW-5 Increase the “Bottle Bill” redemption 0.05 2007 legislation added water bottles (in
value from 5-cents to 10-cents and 2009) to bottle bill and formed a task
expand the “Bottle Bill” to all force to study other issues
beverages except milk, including
juice, water, liquor, wine, tea and
sports drinks; and consider alternative
redemption methods.

Reductions from Actions In Progress (MMTCO2e in 2025): 13.63

3.2 Progress in Meeting 2004 Oregon Strategy
The most important question involving the actions and measures from the 2004 Oregon Strategy for Green-
house Gas Reductions is to what extent progress on these actions has brought us closer to the state’s green-
house gas reduction goals. A key figure from the 2004 Oregon Strategy report was what has become known
as a “wedge” diagram that illustrated how a series of key measures (or groups of measures) would act in
succession to slowly lower greenhouse gas emissions as a result of putting those policies in place.

Figure 2: Impact of Oregon Strategy Actions (from 2010) In Meeting Emission Goals

Figure 2 above demonstrates the likely impacts of actions currently in place through 2050.  To establish a
“business-as-usual” scenario for comparison, historical greenhouse gas emissions are included through
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2005, and the greenhouse gas forecast contained in this report (through 2020) and an extrapolation of that
forecast (through 2050) are plotted as the top emissions trajectory.  Note that when comparing the two
figures (from the original report and this report), the historical and forecast emissions are slightly different
due to the updated emissions inventory in this report.

In order to gauge how Oregon compares to its first greenhouse gas reduction goal – to stabilize and begin
reducing greenhouse gas emissions in 2010 – emission reduction scenarios are plotted relative to 2010 so
that the slope of those emission trajectories can best demonstrate progress toward that goal. This overly
simplifies the actual “real world” impacts of programs and policies that have been put in place since
completion of the 2004 Oregon Strategy for Greenhouse Gas Reductions; but since the largest reduction
policies and programs that have been put in place since that report (namely the RPS and vehicle tailpipe
standards) don’t begin until that time period, this simplification provides a reasonable approximation of
actual emission impacts.

To gauge progress toward meeting the states’ other two emission reduction goals in 2020 and 2050, a
compliance baseline is plotted beginning in 2010 such that the 2020 goal is achieved, and then continuing
from 2020 until 2050 such that the 2050 emissions reduction goal is achieved.  The large gap between the
high end of the “business-as-usual” scenario in 2050 and the goal compliance scenario in the same year
demonstrates the substantial reductions necessary.

The cumulative emission reductions expected from actions that have been put in place (either through
legislation or executive action) and that derived from the 2004 Oregon Strategy are charted in Figure 2 as
the nearly flat line emanating from 2010 until 2025.  These are the actions listed in Table 3 (Key Actions
Now in Place) in the proceeding pages.  As can be seen, this emissions trajectory indicates that Oregon
would appear to be on its way to stabilizing greenhouse gas emissions by the year 2010, and thus achiev-
ing the first of the state’s greenhouse gas goals.

However, it is likely that the emission “stabilization” achieved by 2025 through the policies currently in
place will eventually be overcome as emissions growth continues.  Thus, it is not realistic to assume that
this “stabilization” (as represented by the nearly flat line in Figure 2) will continue past the mid-2020s
time period, because the two key policies driving emissions downward until this point in time (the RPS
and the vehicle tailpipe standards) will have achieved their maximum effectiveness. From roughly 2025
onwards they will provide a substantial reduction in emissions (at least that achieved in the year 2025), but
it is likely that rising population, vehicle use, energy demand, and so forth will negate the emissions
stabilization achieved in the 2025 time period.  Thus, this nearly horizontal line should not be presumed
to continue past the year 2025 in Figure 2, but a precise trajectory has not been modeled at this time. It
should be noted, however, that both the RPS and the vehicle tailpipe standards could be “ramped up” as
needed to maintain this emissions stabilization in the future, if so desired.

The third line, broken and slanting downwards from 2010 until 2025 (but no further), represents the
potential emission reductions from actions that are “in progress” — assuming that those actions are fully
completed (as described in the 2004 Oregon Strategy report) by the year 2025.  These are the actions listed
in Table 4 on the proceeding pages. Because of the substantial uncertainty as to how completely these
actions will in fact be implemented by 2025, and the diverse nature of these “in progress” actions,
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projecting their impact until 2050 (even on a rough basis as was done above) is not realistic. Nonetheless, the
downward trend to 2025 is encouraging.  However, it is also clear that by the year 2020 we only have enough
policies and actions either in place or in progress to achieve roughly half the needed emission reductions to
meet the 2020 goal.   It is also clear that achieving the 2050 goal with actions in place or in progress will not
occur.  Clearly, additional actions and policies will be necessary if Oregon is to achieve its 2050 goal.

4. CURRENT ISSUES AND CHALLENGES

In 2004, Oregon’s greenhouse gas emissions totaled 67.5 million metric tons of carbon dioxide equivalent
(MMTCO

2
e).12  This was about one percent of total U.S. emissions, which were around 7.1 billion metric

tons of CO
2
e.

Oregon’s greenhouse gas emissions have grown by 22 percent from 1990 levels, which were 55.5
MMTCO

2
e. Oregon emissions growth has been greater than that for the U.S. as a whole, which grew by

16 percent over the same time period.

The Oregon Department of Energy completed a revised and updated Inventory and Forecast of Oregon’s
Greenhouse Gas Emissions for the Climate Change Integration Group.  It is attached as Appendix 1.  The
ten largest sources of emissions are summarized below in Figure 3.  These are the ten sources that each
comprise one percent or more of Oregon’s overall emissions.

Figure 3: Major Sources of Greenhouse Gas Emissions in Oregon (2004)

12 “Carbon dioxide equivalent (CO
2
e)” refers to a comparison of the radiative force of different greenhouse gases related to CO

2
, based on their

global warming potential. It is a way to compare all greenhouse gases on a uniform scale of how much CO
2
 would be needed to have the same

warming potential as other gases over the same timescale. Following U.S. Environmental Protection Agency (EPA) and international reporting
protocols per the Second Assessment Report, methane is 21 times more powerful than CO

2
 over 100 years and nitrous oxide is 310 times more

powerful (newer IPCC GWPs are not used in this report).

Transportation

Electricity Consumption

Industrial Fuel Combustion

All other sources

Residential Fuel Combustion

Agricultural Soil Release of Nitrous Oxide

Enteric Fermentation Release of Methane

High Global Warming Potential Gases

Industrial Process Release of Carbon Dioxide

Landfill Release of Methane

Natural Gas System Release of Methane
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Transportation (34%) and electricity (32%)
clearly dominate Oregon’s greenhouse gas
footprint. These two, together with industrial
fuel consumption (11%), constitute over three-
fourths of Oregon’s emissions.

Different parts of Oregon’s economy contrib-
ute to these emissions. See Figure 4. When the
electricity used by each sector is attributed to
that sector, the transportation of goods and
people (35%) again dominates, followed by the
use of energy in buildings (30%), industrial
and waste processes – and the facilities that
house those processes (28%); much smaller in
proportion is the use of livestock and fertiliz-
ers in the agricultural sector (7%).

It is also interesting to note how emissions have
grown over time in different parts of Oregon’s
economy.  Figure 5 to the right illustrates that
the fastest growing segment of greenhouse gas
emissions between 1990 and 2004 is in the
building energy sector (although only residential
and commercial buildings are combined here).
However, emissions growth in the other sectors is
also alarming, although agricultural emissions have
remained more or less steady over this time period.

Oregon’s emissions are projected to grow signi-
ficantly between now and 2020.  Anticipated
emissions for 2020 are 85.7 MMTCO

2
e, an

increase of 27 percent. The majority (at least 70
percent) of this growth is expected to come
from transportation and electricity use in buildings.

The state’s formal forecast of emissions runs
through 2020.  The emissions growth rate from 2004 through 2020 is 1.5 percent per year.  Extrapolating this
growth rate for thirty more years yields year 2050 emissions of 134 MMTCO

2
e (see Figure 6).  This business-

as-usual extrapolation through mid-century means that emissions would be double those of 2004 levels.

The Oregon Strategy proposed the following goals for Oregon:

• Arrest growth through 2010.

• By 2020, achieve a 10 percent reduction below 1990 levels.

• By 2050, achieve a “climate stabilization” level of at least 75 percent below 1990 levels.

Figure 4: Economic Sector Contributions in 2004

Figure 5: Growth of Sector Emissions from
1990 to 2004
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These goals were adopted by the Governor in 2005 and by the Legislature through the passage of
HB 3543 in the 2007 legislative session.

Figure 6:  Extrapolation of “Business-as-Usual” Greenhouse Gas Forecast Through 2050

Putting these reduction goals into the context of the business-as-usual forecasts for the state’s emissions
means that for 2020, the goal translates to 49.9 MMTCO

2
e.  This represents a reduction of 42 percent

from the forecast level of 85.7
MMTCO

2
e.  For 2050, the goal

translates to 13.9 MMTCO
2
e.

This represents a reduction of 90
percent from the forecast level of
134 MMTCO

2
e.  Figure 7 to the

right provides an overview of
these goals in the context of the
forecasts and current and 1990
emissions levels.  Thus, over the
next 43 years, we must put into
place a 90 percent carbon-free
economy, in comparison to today’s
economy.  And we must get
almost half way there between
now and 2020.

Figure 7:  Historical and Forecast Emissions Relative to
Reduction Goals
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Figure 8 below presents a graph of the goals from 2005 through 2050.  The total amount of emissions
over this 45-year period is approximately 2,000 MMTCO

2
e.  We can think of this as our greenhouse gas

“budget” over this time period.
If we do not achieve our targets
in the near term, we will have to
achieve greater reductions later
in order to make it to the year
2050 within our budget.

Under the business-as-usual
forecast through 2020, we would
emit 1,163 MMTCO

2
e, or 58

percent of the total budget.  If
we were to proceed on the
business-as-usual course, we
would have 837 MMTCO

2
e of

our budget to last for the next
thirty years (2020-2050).  At that
point, emissions would be
around 86 MMTCO

2
e per year, so we would likely use up the rest of our budget by 2030.  Deferring

action and staying on the business-as-usual path means we would have used our entire emissions budget
up, and still have twenty more years to go in the budget period. This illustrates why we simply cannot
afford to wait.

Meeting Oregon’s goals in light
of the expected population
increases in Oregon will be one
of the many challenges facing
policy makers in the years ahead.
Figure 9 illustrates the per capita
emission reductions necessary to
meet Oregon’s greenhouse gas
goals in light of expected future
population growth.

It will also be necessary to
“decouple” economic growth
from its historic relationship to
emissions growth by “retooling”
the economy so that economic
growth can be aligned with the
goals of reducing emissions. This will be possible if the new market opportunities presented by a carbon-
constrained economy can be captured here in Oregon – opportunities already seeing growth in the state

Figure 8: Greenhouse Gas "Budget" Based on Reduction Goals

Figure 9: Forecasted Emissions and Emission Reductions
Necessary to Meet Oregon’s Greenhouse Gas Goals on a
Per Capita Basis
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such as the renewable energy industry and the “green” economy.  Figure 10 represents (on a scale relative
to 1990) the current projections for Oregon’s economy and population as compared with combined
historical and business-as-usual emissions, and the emissions necessary to achieve Oregon’s greenhouse gas
reductions goals.  This figure outlines the challenge ahead in “decoupling” emissions growth from eco-
nomic growth.

Figure 10:  Projected Growth Relative to 1990 of Oregon’s Economy, Population,
Business-as-Usual Emissions, and Emission Reductions to Meet Greenhouse Gas Goals

5. RECOMMENDED ACTIONS

The Climate Change Integration Group was charged with assessing whether any additional mitigation
actions – beyond those identified in the 2004 Oregon Strategy for Greenhouse Gas Reductions – should be
identified at this time for action. In examining whether any additional mitigation actions should be
highlighted, the circumstances and context behind the 2004 effort were also examined by the group.
Since several of the members of the original advisory group to the Governor were also on the CCIG,
they were able to bring their experience from that original effort to the workings of the CCIG.

The CCIG took a three-step approach to deciding whether to recommend additional mitigation actions
beyond those in the 2004 Oregon Strategy report.  First, it was widely acknowledged at the time of the
deliberations surrounding the 2004 Oregon Strategy that land use measures were not given enough atten-
tion.  This was intentional, for at the time the report was being constructed, there was considerable uncer-
tainty around land use policy and planning in the state, and the “Big Look” process in particular.
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Therefore, CCIG members felt that this shortcoming of the 2004 Oregon Strategy should be addressed in
this final report of the CCIG.  As a result, following this section is a chapter with several transportation
and land use policy recommendations.

Secondly, an extensive list of policy recommendations from the 2004 Oregon Strategy process was deferred
at the time for several different reasons. Out of respect for the original 2004 Oregon Strategy process, and in
the spirit of continuity, the CCIG examined the entire list of deferred measures to see whether there were
measures from those deliberations that should now be highlighted for further action. In fact the CCIG
agreed with the original advisory group and did not feel that any of those policies need to be brought to
light at this time.  Ironically, the rapid pace of progress in this area had already seen many of those policies
put into action even without either group’s specific blessing.  The CCIG did ask to keep that set of poli-
cies alive for future consideration, and they are included in this report in Appendix 4.

Finally the CCIG members deliberated as to whether to add any additional mitigation measures for more
detailed examination in this report, other than the land use and transportation measures included here.
Given the early stage of implementation for so many existing measures, members agreed it was most
useful to add points of emphasis and perspectives to the existing Oregon Strategy. In general, CCIG mem-
bers urge  that the state redouble its efforts toward completing actions and measures identified in the 2004
Oregon Strategy that have either not seen sufficient progress, or have fallen in the “not yet implemented”
category to help accelerate progress toward Oregon goals.  CCIG members felt particularly strongly that
the energy efficiency measures identified in the report and “in progress” at the current time need special
attention given the importance of those actions.

The CCIG also recommends that the state add a “whole building” perspective to maximize opportunities
in the buildings sector. Such an approach accounts for greenhouse gas emission reductions and other
benefits stemming from an integrated approach toward site location, development and encouragement of
alternative transportation; water use; materials choices; energy efficiency and renewable energy; and indoor
environmental quality.  This approach will also capitalize on Oregon’s leadership in the burgeoning high
performance green building market and will further amplify connections among green buildings, land use
and transportation.  This approach also takes advantage of the innovative Oregon Business Energy Tax
Credit program targeted to certified green buildings.

The CCIG also felt that some internal state agency organization needs should be addressed.  Those
recommendations are included in the next section.

6. RECOMMENDED ORGANIZATIONAL ACTIONS

The CCIG recommends that the governor designate a lead agency for each of the sectors that generate
greenhouse gas emissions in the state.

• The Oregon Department of Transportation (ODOT) as the lead agency for the transportation sector

• The Department of Land Conservation and Development (DLCD) as the lead agency for land use

• The Department of Environmental Quality (DEQ) as the lead agency for the industrial sector
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• Oregon Housing and Community Services as the lead agency for the residential sector

• The Oregon Economic and Community Development Department as the lead agency for the
commercial sector

• The Oregon Department of Agriculture (ODA) as the lead agency for the agricultural sector

• The Oregon Department of Energy (ODOE) as the lead agency for the energy generation sector

• The Oregon Department of Forestry (ODF) as the lead agency for the forestry sector

The CCIG recommends these agencies not because they are primarily responsible for their sectors’
greenhouse gas emissions, but because they are the administrative bodies with the authority to convene
and regulate the wide array of responsible parties within each sector.

As a first step, the CCIG recommends that each agency conduct a baseline inventory of the greenhouse
gas emissions within its sub-sector.  It is important that this inventory be conducted in a manner consis-
tent with the inventories conducted by other agencies within Oregon, such as the Greenhouse Gas
Reporting recommendations being developed by DEQ, but also with inventories used by agencies in
other Western states, other organizations, and even governments abroad (such as The Climate Registry and
European Union nations).  This will facilitate best practices sharing between agencies and ensure a consis-
tent approach to what is ultimately a global problem.  Each lead agency should then adopt the target
emissions levels required by statute for its sub-sector:

• By 2010, arrest the growth of Oregon’s greenhouse gas emissions and begin to reduce them.

• By 2020, achieve greenhouse gas levels that are 10 percent below 1990 levels.

• By 2050, achieve greenhouse gas levels that are at least 75 percent below 1990 levels.

Each lead agency should then create a list of potential greenhouse gas mitigation strategies that can be
followed in order to meet the future target emissions levels. The emissions reductions potential and the
cost of implementing each strategy should be included.  This will enable lead agencies to prioritize the
strategies that are the most cost-effective.

Each lead agency shall then be responsible for tracking progress towards the target emissions levels in its
sub-sector, reporting progress to the Global Warming Commission, and setting step-down targets as
required.  Should additional resources or funds be required to meet target emissions levels, agencies shall
be responsible for communicating those needs to the Global Warming Commission and to the Legislature.

Reducing across-the-board greenhouse gas emissions will require extensive coordination between state agen-
cies, local governments, and the private sector.  Cross-collaboration between state agencies should be ensured
since we need a systems-wide approach. A mechanism where state agencies come together – perhaps with their
local and federal counterparts – for regular meetings should be put in place.  Moreover, Oregon is not alone in
addressing climate change.  Many other state governments, particularly in the western U.S., and federal govern-
ments in Europe have already developed and implemented policies to reduce greenhouse gas emissions.  As
successful methods of mitigating the effects of climate change are developed, Oregon will benefit by being
prepared to coordinate its efforts with national and international programs.
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7. TRANSPORTATION AND LAND USE SECTOR RECOMMENDATIONS

This chapter outlines actions that will reduce greenhouse gas emissions from the transportation sector.
Overall, this report focuses more on the transportation sector and the link between transportation and
land use than previous reports. This is because the transportation sector’s share of greenhouse gas emissions
is growing rapidly, and less progress has been made in this sector compared to other sectors such as elec-
tricity generation, where significant legislation such as the Renewable Portfolio Standard has been passed
to help address greenhouse gas emissions.

7.1 Introduction
The transportation sector accounts for 34 percent of Oregon’s greenhouse gas emissions, second only to
electricity in its share of overall emissions.  Transportation’s greenhouse gas emissions are only projected to
increase, and technological improvements alone will not solve the problem.  Intelligent transportation and
land-use planning and policies will be necessary to meet the state’s goal of reducing greenhouse gas
emissions by 75 percent below 1990 levels by 2050.

Fortunately, changing the way that we get around has benefits that reach far beyond emissions reductions. Trans-
portation accounts for not only a large portion of greenhouse gas emissions, but also a large share of household
budgets for the average Oregonian.  In FY 2004-05, the average household in the western states spent $9,498
on transportation, 18.9 percent of total expenditures.  Innovative transportation policies and planning can
reduce this financial burden.  In the same period, the average household in the Portland area, which is known
for promoting travel options and limiting sprawl, spent only 17.6 percent of its total on transportation.13

The effects of these savings extend far beyond their dollar value.  A recent study calculated that Portland-
area residents, whose median commute is four miles shorter than the average American’s, save a total of
$2.6 billion per year due to reduced transportation costs and the value of time that would have otherwise
been spent traveling.14 Many transportation expenditures, notably the cost of gas, leave the local economy,
while this extra $2.6 billion stays in circulation in the region. This figure does not take into account the
personal health benefits of increasing the share of transit and non-automotive modes, which increase
physical activity and air pollution, and thereby, over time, translate into lower health care costs.  Integrated,
multi-modal transportation and land-use planning not only reduce emissions, but save money as well.

In order to assist lead agencies in the transportation and land-use sectors in choosing methods to reduce
greenhouse gas emissions, the CCIG will present information on a variety of mitigation strategies. For the
transportation and land use sector, these strategies fall into four broad categories:

• Use of low-carbon fuels

• Use of cleaner and more efficient vehicles

• Reduction in vehicle miles traveled (VMT)

• System management and optimization

13 U.S. Census Department, “Average Annual Expenditures of all Consumer Units by Size and Region, 1995 to 2004,”  http://www.census.gov/
compendia/statab/tables/07s0668.xls.  The national average is 18 percent.
14Cortright, Joe, “Portland’s Green Dividend,” pg. 1, http://www.ceosforcities.org/internal/files/PGD percent20FINAL.pdf.
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7.2 Strategies to increase the use of low-carbon fuels
Low-carbon fuels are fuels that, when burned, create significantly less carbon dioxide (CO

2
) than electric-

ity.  Ethanol, commonly distilled from corn in the United States or from sugarcane and grasses abroad, has
received much public attention lately; but biofuels made from glycerides in cooking oil, hydrogen fuel
cells, compressed natural gas, and electricity are also viable alternatives to conventional gasoline.

When considering investments in low-carbon fuels, it is necessary to examine the well-to-wheel (WTW)
carbon emissions of a fuel source.  Certain fuel sources, e.g., hydrogen fuel cells and electricity, create few
or no greenhouse gases when they burn, but are energy-intensive to produce.  Their WTW emissions
depend entirely on the energy source used to produce them.  Cellulosic ethanol, biodiesel, and com-
pressed biogas are among the lowest WTW emissions fuels.15

It is also necessary to consider the long-term financial impact of creating a wider market for a given fuel
source.  Some low-carbon fuels, e.g., corn-based ethanols, are produced from by-products of other pro-
cesses. The market for these fuels is favorable as long as there is a surplus of these by-products, but as the
market becomes saturated or input prices are affected by changes outside of the energy market, the price
of production may rise.  For example, between 2005 and 2007, corn prices doubled, due in part to the
new demand for corn from the growing number of ethanol distilleries in the U.S. Meanwhile, the price of
ethanol fell due to overproduction, but since corn purchases constitute 70 percent of the price of ethanol,
long-term prices are expected to rise in the absence of federal subsidies.16 Furthermore, ethanol is corro-
sive and absorbs impurities, so it cannot be shipped through existing pipelines, and, instead, requires more
energy-intensive transportation.  This is not to say that ethanol itself is an inferior fuel source, but it is
currently the most widely used alternative to gasoline, and the consequences of its adoption so far illustrate the
wide range of financial and infrastructural impacts that must be considered.

The introduction of new fuels or fuel additives may have unintended health consequences.  Research on
these possible health effects should be encouraged.  In addition, monitoring of the population for unex-
pected health outcomes as these substances are more widely used is prudent. This will require strengthen-
ing of Oregon’s public health infrastructure to ensure that adverse health effects can be detected.

The State can promote low-carbon fuels either through incentives or regulation.  It can provide incentives for:

• In-state production of low-carbon fuels.

• Drivers that use low-carbon fuels in their vehicles.

The State can also help make the sale of alternative fuels more commercially viable for the private sector
by offering subsidies or other incentives, such as allowing alternative fuels to be sold on state-owned land
or highway right-of-way. Helping to increase the supply of alternative fuels in this way will result in
increased adoption of alternative fueled vehicles by the public, since refueling locations will be widespread,
convenient, and accessible.

15 EUCAR/JRC/CONCAWE, “Well-to-Wheels Analysis of Future Automotive Fuels and Powertrains in the European Context,” http://
ies.jrc.cec.eu.int/wtw.html.
16 Krauss, Clifford, “Ethanol’s Boom Stalling as Glut Depresses Price,” The New York Times, Sept. 24th 2007,http://www.nytimes.com/2007/
09/30/business/30ethanol.html.
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Furthermore, the State can require that:

• Government vehicles and companies working on behalf of the state, such as contractors undertak-
ing highway construction work, use low-carbon fuels.

• Gas stations provide consumers with low-carbon fuels. California has created a low-carbon fuel
standard requiring that all refiners, blenders, producers and importers of transportation fuel reduce
the carbon content of fuel by 10 percent by 2020, and creates a market-based mechanism for
achieving these reductions.17

Combustion of new low-carbon fuels or fuels with new additives may have adverse health effects, as was
discovered with the addition of MTBE to gasoline some years ago.  As part of a strategy to increase use of
these fuels, the state should develop, adequately fund and implement an effective monitoring system for
health effects related to combustion of these fuels.

7.3 Strategies to increase the use of cleaner and more efficient vehicles
A variety of technologies that reduce emissions by making cars more fuel-efficient or by trapping and
sequestering greenhouse gases before they enter the air are becoming available.  In 2005-06, the average
fuel economy of new vehicles increased for two consecutive years for the first time since the 1980s,18

driven up by rising oil prices and new technology.  Most popular are drive-train improvements such as
fuel-efficient engines, tailpipe emissions controls, and in particular hybrid gas-electric engines.19

Powertrain and non-engine improvements such as lightweight materials, aerodynamics, and idling
reduction also improve fuel economy by lowering the amount of energy that it takes to move a vehicle
or by automatically turning off engines when a vehicle is stopped.

When weighing the benefits of different technologies that increase fuel efficiency, it is important to
examine not just how much these technologies reduce greenhouse gas emissions, but how cost-effectively
they do so.  While hybrid engines are currently a popular method of making vehicles more fuel efficient,
they carry high premiums.  On average, consumers pay $3,500 more for a light-duty vehicle with a hybrid
engine than for a comparable vehicle with a conventional engine.  Vehicles that are lighter, more aerody-
namic, and have less rolling resistance can achieve increased fuel efficiency while using conventional
engines, sometimes at a lower cost.  Analysts from Ford Motor Company have concluded that “light
weighting” could double fuel efficiency at a cost of $1000 per vehicle.20  A 2007 study concluded that
non-engine improvements in aerodynamics, reduced idling, and “lightweighting” for commercial and
light-duty vehicles have the lowest cost per ton of reduced CO

2
 emissions, while biodiesel, hybrid engines

and plug-ins for light-duty vehicles have the highest cost per ton of reduced CO
2
 emissions.21  While the

auto industry has so far focused on engine improvements to increase mileage, it will benefit the State to
consider non-engine improvements as new technologies become available.

17 California Energy Commission, “Low-Carbon Fuel Standard.”http://www.energy.ca.gov/low_carbon_fuel_standard/.
18 Environmental Protection Agency, “Light-Duty Automotive Technology and Fuel Economy Trends: 1975 through2007,” September 2007,
http://www.epa.gov/otaq/fetrends.htm.
19 Associated Press, “Hybrid Sales Up 49 Percent,” September 17th, 2007.
20 Ogden, Joan M., Robert H. Williams, Eric D. Larson (2004) Societal Lifecycle Costs of Cars with AlternativeFuels/Engines. Energy Policy
32 (1), 7 – 27, cited in Vattenfall AB, “The Landscape of Global Abatement Opportunities up to 2030, Transport Sector,” June 2007, pg. 8.
21 Vattenfall AB, “The Landscape of Global Abatement Opportunities up to 2030, Transport Sector,” June 2007, pg. 8, http://
www.vattenfall.com/www/ccc/ccc/Gemeinsame_Inhalte/DOCUMENT/567263vattenfall/P0272864.pdf.
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Other new technologies integrate plug-in hybrid electric vehicles (PHEVs) with the energy grid, benefit-
ing both drivers and energy suppliers.  Vehicle-to-grid (V2G) is a system currently under development
that connects PHEVs to the power grid.  During peak demand periods, vehicles that are not in use sell
electricity from their batteries back to the grid, while during off-peak periods cars draw power from the
grid to recharge.  V2G offers a double-pronged approach to reducing greenhouse gas emissions.  In the
transportation sector, it would encourage the use of fuel-efficient electric vehicles, and in the energy
generation sector, it would create a potentially large reserve power supply that could be drawn upon
during periods of peak demand, reducing the need to construct new power plants.22  V2G could also
provide a mechanism to store renewable energy, which is often generated during periods of off-peak
demand, for times when it is most needed.  While V2G is still in development, it is an existing technology
that has the potential to revolutionize the vehicles we drive and the way electrical power is generated,
stored, and used.  The State could invest in further research, and in supporting existing technologies (e.g.,
inverters) that are crucial to implementing V2G, and could undertake pilot projects in partnership with the
private sector to accelerate the deployment of V2G infrastructure.

In order to reduce greenhouse gas emissions by increasing the usage of more efficient vehicles, the State can:

• Use cleaner and more efficient vehicles in the State fleet, keeping in mind the cost-efficiency of
non-engine improvements.

• Require that companies working on behalf of the State, such as contractors undertaking highway
construction work, use cleaner and more efficient vehicles and retrofit equipment.

• Invest in creating infrastructure (e.g., charging and V2G facilities) for electric vehicles.

• Create its own fuel efficiency incentive programs and institute a “feebate” system that subsidizes
drivers whose cars exceed threshold levels at the expense of drivers who choose cars that fall
below threshold levels.  Studies estimate that fuel economy standards (instituted at the federal
level) tied to feebates have the potential to reduce greenhouse gas emissions by up to 18 percent
by 2030.23

7.4 Strategies to reduce Vehicle Miles Traveled (VMT)
Strategies to reduce VMT differ from the strategies in the other three categories in that they require long-
term planning to implement.  While the results of  VMT-reducing strategies will be felt only in the longer
term (although public health benefits may result in the short term24), it is the area in which the State can
have the most influence, both because VMT-reducing strategies extend outside of the transportation sector
and across agency lines to land-use and housing, and because other strategies (such as low carbon fuels and
more efficient vehicles) may be most effectively addressed at the federal level. In addition, reducing VMT
is simply the single most effective way to reduce greenhouse gas emissions.

22 Penney, Terry, and Elling, Jennifer, “The Race to Connect Cars, Communities, and Renewables,” Geotimes, August 2005. http://
www.geotimes.org/aug05/feature_pluginhybrid.html.
23 Greene, David L., and Schafer, Andreas, “Reducing Greenhouse Gas Emissions from U.S. Transportation,” Pew Center on Global Climate
Change, May 2003, pg. 54. http://www.pewclimate.org/docUploads/ustransp.pdf.
24 Efforts to reduce VMT are also underway in the public health sector as ways to prevent obesity.  Improving the integration of public health
perspectives into land use planning activities, such as through the institution of healthrisk assessments, may result in synergy between these
two efforts.
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Total U.S. non-freight VMT is projected to increase by 1.8 percent annually over the next 10 years, while
the average fuel economy of a passenger car is projected to improve by roughly 0.75 percent per year over
the same period.25  While Oregon has been partially successful in slowing its rate of VMT growth to 1.3
percent per year,26 it has not slowed growth enough for improvements in technology to even hold trans-
portation-sector greenhouse gas emissions constant, let alone to reduce them.  In between 1994 and 2004,
average passenger car fuel economy increased at only 0.268 percent per year,27 a figure that does not
account for the higher market share of light-duty trucks as SUVs and minivans, which have a much lower
fuel economy.  Even the most stringent feasible standards for fuel economy and low-carbon fuel content,
coupled with the most optimistic projections for improvements in automotive technology, will likely be
insufficient to even lower greenhouse gas emissions to 1990 levels by 2030.28

7.4.4 Pricing policies to reduce VMT
Many VMT-reducing strategies are pricing policies that aim to lower the demand for single-occupant
vehicle (SOV) trips that constitute the bulk of American travel. Generally, pricing policies are ways of
implementing a performance-based payment system for the use of roads, as well as internalizing some of
the external costs of using a car.  Free parking, maintenance, congestion, and the eventual costs of adapting
to climate change are all subsidized with taxes, higher consumer prices, and time costs, shifting the eco-
nomic burden away from users of the transportation system. Pricing policies are one attempt to move towards a
“fee for service” type of policy model for the transportation sector. Examples of pricing policies include:

• Congestion pricing on major highways, varying in accordance with the time of day to reflect peak
and off-peak demand.

• Increasing the price of curbside and garage parking.

• Cordon prices, which levy a fee on vehicles entering the central area of a city.

• Reducing/eliminating minimum parking requirements for businesses, or creating maximum parking
requirements. Minimum parking requirements are often based on infrequent peak events, and may
result in large underused parking areas for much of the rest of the time. Minimum requirements can
provide a bias in favor of car drivers at the expense of pedestrian, bicycle, and transit users.

• Carbon taxes on greenhouse-gas producing energy sources, e.g., crude oil, which would in turn
cause the price of gasoline at the pump to rise.

• Emissions/VMT taxes, collected based on odometer readings at the pump or via insurance payments.

The policies listed above have varying degrees of effectiveness, feasibility, and side benefits at the state level.
Additionally, there are concerns about inequitable impacts on different economic sectors of the population
from such policies.  Nonetheless, carbon and emissions/VMT taxes can be effective since they directly tax

25 U.S. Energy Information Administration (EIA), “Table 50: Light Duty Vehicle Miles Traveled by TechnologyType,” 2007 International
Energy Outlook, 2007. http://www.eia.doe.gov/oiaf/aeo/supplement/pdf/suptab_50.pdf.
26 Oregon Department of Transportation, Oregon Transportation Plan, September 2006, vol. 1, p. 18,http://www.oregon.gov/ODOT/TD/
TP/docs/ortransplanupdate/2007/OTPvol1.pdf.
27 U.S. Department of Transportation Bureau of Transportation Statistics, “Average Fuel Efficiency of U.S.Passenger Vehicles and Light-Duty
Trucks,” http://www.bts.gov/publications/national_transportation_statistics/html/table_04_23.html.
28 Ewing, Reid; Bartholomew, Keith; Winkelman, Steve; Walters, Jerry; and Chen, Don, Growing Cooler: The Evidence on Urban
Development and Climate Change, Urban Land Institute, 2007, p. 6,http://smartgrowthamerica.org/gcindex.html; and Greene and Schafer
2003, pg. 54.



page 48   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

greenhouse gas emissions, potentially reducing overall emissions by 6-9 percent,29 but are difficult to
implement without federal support.  Studies estimate that congestion pricing is capable of reducing VMT
by as much as 5.7 percent.30 Meanwhile, parking pricing can reduce VMT by up to 4.2 percent,31 and is
the easiest pricing policy to implement at the municipal level.

It is important to note that pricing policies carry substantial economic benefits, both for users of the transporta-
tion system and for the governments that plan and invest in it.  A 2007 study estimated that improved system
investments of less than $1.5 billion per year would produce benefits of $1.7 billion per year by 2025 due to
decreased travel times and vehicle maintenance costs for workers as well as improved freight movement for
businesses.32  Traditionally, improvements in transportation systems have focused on supply, increasing capacity to
meet travelers’ needs.  However, new infrastructure is expensive and may induce demand, locking governments
into a spending cycle of adding increasingly more capacity as more drivers take advantage of new facilities.
Pricing policies, on the other hand, reduce demand for travel, and tolls can be used to fund system improve-
ments. New transponder technologies make it easy to collect tolls without slowing traffic and vary charges
according to peak demand. Stockholm and London are both examples of cities that have implemented cordon
pricing, and while a majority of residents were initially opposed to the idea, two-thirds of residents now support
pricing after seeing the impact that it had on congestion.33  An important ingredient to the success of these
programs, however, was a substantial increase in spending (from revenues generated through the program) in
public transit and other mobility improvements for affected citizens.

7.4.5 Transportation options programs to reduce VMT
Other methods reduce VMT by shifting trips to more energy efficient modes. Currently, 71.4 percent of Ore-
gonians drive alone to work,34 which produces far more greenhouse gases per person/mile than other modes
such as carpooling, bicycling, walking, transit and rail.  The State can invest directly in improving transit service,
creating vanpools, or in building pedestrian or bicycle facilities in areas that are underserved.  The majority of all
federal transportation dollars are flexible, yet 53 percent of them go toward highway infrastructure, while only
12 percent go toward transit.35  The State could redirect more of this funding toward alternative transportation
instead of using it primarily to build new roads.

However, many cities already have transit or bicycle/pedestrian systems that are underutilized, and the
State can also help by investing in programs to promote transportation alternatives.  Transportation alter-
native promotion programs include:

• Programs and websites that promote ridesharing, such as carpoolmatchNW.org, a Portland-area
service that matches up commuters that have common destinations.

• Employer trip reduction programs, such as telecommuting and compressed work weeks, which
reduce the number of days that employees commute to work.

• Educational programs such as outreach programs to promote non-SOV transportation modes.

29 Greene and Schafer 2003, pg. 54.
30 Greene and Schafer 2003, pg. 45.
31 Ibid.
32 Economic Development Research Group, The Cost of Highway Limitations and Traffic Delay to Oregon’sEconomy, 2007, pg. 49.
33 Replogle, Michael, “Improving Mobility While Meeting the Climate Challenge,” Presentation to the City of Portland, Multnomah County,
and ODOT, November 19, 2007.
34 U.S. Census Bureau, 2006 American Community Survey.
35 U.S. Department of Transportation and Bureau of Transportation Statistics, “Table 4-A: TransportationExpenditures by Mode and Level of
Government from Own Funds: FY 1985-2003,” in Government Transportation Financial Statistics 2003, November 2004, p. 49.http://
www.bts.gov/publications/government_transportation_financial_statistics/2003/pdf/entire.pdf.
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• Individualized marketing campaigns such as Salem-Keizer, Eugene, and Bend’s TravelSmart program or
the Portland area’s Drive Less, Save More program, which compile resources from different local trans-
portation agencies and resources, provide simple advice on how to conserve fuel, and offer economic
and environmental information in order to help users make responsible transportation choices.

• Creating and funding Transportation Management Associations (TMAs), which work with neigh-
borhood businesses and residents to develop locally-targeted sustainable transportation strategies.

7.4.6 Land-use planning to reduce VMT
Innovative land-use planning that addresses urban sprawl and growing commute distances has a large
potential to reduce carbon emissions. Even if pricing policies and transportation options to the car are put
in place, VMT per capita is unlikely to decrease unless sprawling suburban development patterns are addressed.
Large-lot, single-use residential developments located far away from destinations require residents to drive
in order to access jobs, schools, and stores. Higher-density, mixed-use developments are much easier to
serve with transit and reduce the distances between residences and destinations, making bicycle and
pedestrian trips much more feasible. A meta-analysis of studies comparing mixed-use neighborhoods with
low-density sprawl found that doubling density, mix of uses, and street connectivity reduces per capita
VMT by 33 percent.36  The State can help to reduce VMT through better land-use planning by:

• Supporting transit-oriented development (or TOD; development that is close to transit lines and
has facilities allowing residents safe access to those lines) in proportion with the projected increase
in transit trips created by the development.

• Facilitating best-practices sharing between land-use planners from communities around the state,
nation, and other countries.

• Creating and implementing incentives or, possibly, requirements for  VMT – or greenhouse gas-reductions
in local governments’ comprehensive plans and development proposals. For comprehensive plans, this
could be achieved by requiring cities or counties to do greenhouse gas or VMT inventories, setting
goals for per capita greenhouse gas emissions or VMT, and evaluating proposed comprehensive plans
based on how much progress they make toward goals. On a project-by-project basis, cities could require
developers or planners to include VMT or greenhouse gas estimates in proposals and awarding develop-
ment credits based on reductions achieved. In order to ensure a consistent approach, the State would
need to develop a methodology for VMT or greenhouse gas estimates. King County, Washington, is
currently developing such a methodology for all land-use and transportation plans.

• Encouraging high performance green buildings that support the use of alternative transportation.

Land-use planning improvements are especially effective because of the long-term duration of the built
environment. Progressive land-use planning is cumulative by nature, since tomorrow’s communities will be
integrated with those built today. Furthermore, studies have shown that land-use planning has a positive
impact upon public health37 and saves households money on transportation costs,38 providing complementary
benefits to its greenhouse gas emissions reductions potential.

36 Ewing et al, 2007, p. 6.
37 Ewing, Reid, and Kreutzer, Richard, Understanding the Relationship Between Public Health and the Built Environment, May 2006. http:/
/www.cnu.org/sites/files/leed_public_health.pdf.
38 Center for Transit Oriented Development and Center for Neighborhood Technology, “The Affordability Index: A New Tool for Measuring
the Affordability of a Housing Choice,” Brookings Institution, 2007.http://www.brookings.edu/reports/2006/
01communitydevelopment_the-center-for-transit-orienteddevelopment.aspx.
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It is important to note that none of the measures outlined above work best in isolation.  The CCIG
recommends a combination of pricing policies, transportation options, and land-use planning as the most
effective way to reduce VMT.  While pricing policies may be cost-effective in reducing driving in the short
term, they will be easier to implement and more effective where accompanied by a variety of transportation
options and land-use patterns that support these options, so that people continue to have opportunities to access
jobs and services.  Likewise, land-use planning and travel options programs will be most successful where
accompanied by pricing policies that offer incentives for non-SOV trips.  For that reason, the CCIG recom-
mends that ODOT and DLCD collaborate closely when creating strategies to reduce VMT.

7.5 Strategies to optimize the existing
transportation system and manage
congestion
Fuel economy generally increases as vehicle
speed increases up to 40 miles per hour, and
then begins to decrease.  Congestion and
travel delay contribute to climate change
because they result in inefficient vehicle
operation such as stop-start maneuvers and
idling, causing higher greenhouse gas emis-
sions.  There are several possible system
improvements that could contribute to more
efficient vehicle use, many of which make
use of Intelligent Transportation Systems
(ITS). These include:

• Bottleneck removal and other strategic capacity additions at frequently-congested sites.

• Improved incident management to address travel delay (accidents, stalled vehicles, weather, work
zones and other incidents cause about 50 percent of the travel delay in Oregon39).

• Information technology improvements, e.g., traveler information systems such as ODOT’s
TripCheck website.

• Traffic signal timing optimization.

• Traffic flow improvements and route diversion.

• Truck weigh station pre-clearance and truck stop electrification to reduce truck idling.

• Speed management to keep highway speeds at levels that allow for the most efficient operation of vehicles.

• Driver training programs to reduce unnecessary braking, avoid rapid acceleration, and teach other
high-efficiency driving techniques.

• Reduction of peak period travel demand (also called “peak leveling”) to spread out traffic demand
over a longer period – e.g., workplace programs to stagger employee commute times.

• Congestion pricing or other pricing policies to reduce peak travel demand.

39 Oregon Department of Transportation, Oregon Transportation Plan, September 2006, vol. 1, p. 21, http://www.oregon.gov/ODOT/TD/
TP/docs/ortransplanupdate/2007/OTPvol1.pdf.

Oregon Dept. of Environmental Quality
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The reduction in overall greenhouse gas emissions that can be achieved by system improvements are small
(mostly on the order of 1-2 percent40) compared to the other strategies discussed in this report. However,
system improvements are relatively inexpensive to implement and popular with users of the system
because they reduce congestion.  Pricing policies are doubly effective since they both reduce the number
of cars on the road and ensure that the remaining cars operate at maximum efficiency.

40 Greene and Schafer 2003, pg. 54.
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EDUCATION AND OUTREACH

1. SUMMARY

The Climate Change Integration Group was charged with the development of a climate change
information and outreach plan.  However, due to the interim nature of the CCIG, CCIG mem-
bers believe it is best suited to provide the Global Warming Commission with a general roadmap
for education and outreach. The Commission, as the permanent stakeholder body, will pick up the
ongoing coordination of global warming policies and activities in the state and be responsible for
designing its outreach and education program.

The CCIG believes that the Global Warming Commission should appoint a subcommittee, made
up of stakeholders with expertise in marketing, health education, outreach and communications.
This subcommittee would be responsible for the design, implementation and coordination of an
education and outreach program.  The Global Warming Commission should also identify and
carry out the studies necessary to support research-based education and outreach programs.

It is important to note that Global Warming Commission members will be in a strong position to
accurately and clearly represent complex climate change policies, recommendations, and progress
in Oregon to the public. The Commission should be particularly cognizant of ongoing opportuni-
ties to emphasize coverage of policies that are being considered for adoption at the state level so
that Oregon citizens can understand, support and take pride in Oregon’s leadership role in ad-
dressing global warming.

2. CONTEXT

In the 2004 Oregon Strategy for Greenhouse Gas Reductions, the following recommendation was made in the
Integrating Actions section:

“The subsequent Advisory Group should work with state agencies, colleges and universities, schools, non-profit
organizations and businesses to develop a global warming outreach program that will provide information and
outreach to the public.”

This plan would:

• Inform Oregonians about the potential impacts to the state, the region and the globe;

• Inform Oregonians about what they can do to reduce greenhouse gas emissions; and



page 54   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

• Inform Oregonians about what actions may be required to adapt to the changes from global warming that are
already unavoidable, and the costs these adaptation actions may impose.”

The Climate Change Integration Group, as the successor to the original Advisory Group, was charged
with the development of such a plan. However, due to the interim nature of the CCIG, the consensus of
the CCIG members is that it is best suited to provide the subsequently created Global Warming Advisory
Commission with a general roadmap for education and outreach. The Commission, as the permanent

stakeholder body, will pick up the
ongoing coordination of global warm-
ing policies and activities in the state
and be responsible for designing its
outreach and education program.

While the Oregon Strategy report recom-
mends that an information and outreach
plan “inform Oregonians” (see above
bullets), the CCIG recommends that a
plan be developed that would not only
inform, but also actively engage Orego-
nians in taking actions to reduce green-
house gas emissions and prepare for the
impacts of climate change.

3. RECOMMENDED ACTIONS IN 2004 STRATEGY AND STATUS REPORT

During the course of the two years in which the CCIG met, several steps were taken to advance its
understanding about 1) the prevailing attitude of Oregonians around the state toward global warming; and
2) the barriers to engaging the public in a way that successfully catalyzes actual behavioral change. First, a
subcommittee was formed in 2006 that adopted communications as one of its primary tasks (see interim
2006 report) and called on a variety of outside stakeholders ranging from educators to marketing profes-
sionals and non-profit organizations to help determine some of the key issues in communicating the
science of climate change, the solutions to climate change and the barriers to taking action.

Second, members of the subcommittee agreed to focus on two priorities for the second year: raising
awareness of the Governor’s climate change legislative agenda and providing communications support for
a planned 2007 day-long workshop on updated global warming science in the Pacific Northwest.  Due to
a lack of resources, the workshop did not take place. Members of the CCIG engaged instead in building
support for the Climate Change Integration Act (HB 3543) within several different communities, includ-
ing business, industry and a grassroots base through media and public outreach campaigns. These efforts
led to the successful, strongly bi-partisan passage of the bill.

Third, Oregon Department of Energy created an enhanced website and listserv. The web portal, “Oregon:

Oregon Dept. of Energy
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Meeting the Challenge of Climate Change,” provides easy access to local and regional information, links
to state agencies involved in climate change, and other resources. ODOE staff will continue to update and
develop more in-depth information under each portal link. Access to the portal is at www.oregon.gov/
ENERGY/GBLWRM/Portal.shtml

Visitors to the website can sign up for ODOE’s Climate Change listserv and receive meeting notices;
updates on Oregon, regional and national actions; and other climate change information.

At this time the portal includes the following resources:

• 2004 Oregon Strategy for Greenhouse Gas Reductions report

• An archive of stakeholder group meeting materials and presentations

• Summaries and copies of relevant legislation

• Links to ongoing regulatory actions at ODOE and ODEQ

• General information on climate change

• State agency internal actions on reducing emissions

• Links to ongoing regional processes (e.g., Western Climate Initiative)

• Links to the Climate Trust and the Climate Registry

• Access to educational materials about climate change

• An interactive map of local government climate change action

• Downloads of state-sponsored reports relevant to climate change

4. CURRENT ISSUES AND CHALLENGES

Over the last two years global warming has emerged as an issue of top concern for many of the world’s
nations, industrialized nations and developing countries alike. New international agreements will be
negotiated as the scientific evidence of broad, far-reaching and potentially catastrophic impacts continues
to mount, almost on a daily basis. Countries are stepping up with their own policies to aggressively cut
greenhouse gas emissions. Moreover, several states are stepping up to show leadership either individually
or collectively as part of a regional effort.

Oregon, in particular, has demonstrated a significant capacity for adopting a strong, innovative response to
the global warming challenge. In the past year alone, the State adopted several policies that will produce a
substantial portion of required greenhouse gas reductions, such as a renewable portfolio standard (RPS), a
biofuels standard, tailpipe emissions standards, several measures incentivizing the use of renewable energy
and energy efficiency, and upgrading the “Bottle Bill,” all of which were recommendations contained
within the original Strategy.

As promising a start as this may be, further action is needed.  Global warming requires a broad systemic
change in the way our society produces and uses energy, manages natural resources, produces and
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transports people and goods, plans development, and addresses waste. Individuals, households as well as
businesses, city governments and state and federal agencies must collectively envision and implement the
solutions that will keep our climate safe, grow our economy and enhance our quality of life.  This kind of
shared commitment is only possible if Oregonians not only understand how climate change will impact
human and natural systems, but also are engaged in such a way that creates effective partnerships to meet
both the challenges and opportunities of climate change.

The purpose of a statewide global warming education program should be to: 1) inform the public of the
risks and opportunities of climate change; 2) provide tools and resources to make possible the fundamental
thinking and behavioral changes needed for the societal shifts that climate change demands; and 3) identify
the personal and societal benefits of action to reduce greenhouse gas emissions and prepare for climate change.

A variety of educational and communication strategies will be needed to help people make the transition
in thinking and behavior needed to reduce emissions and prepare for the impacts of climate change.
Education and awareness building will be important for people who are in the early stages of change
where the focus must be on building understanding of the benefits of new approaches to sustainable
economic development and environmental protection.

The challenges to these objectives are as follows:

1. Increasing public awareness of climate change has not been coupled with understanding or informa-
tion about specific regional or local impacts. Nor have public institutions begun a systematic plan to cope
with these vulnerabilities. Yet inertia in the atmospheric and oceanic systems will cause these impacts to
worsen regardless of the success of public and private efforts to reduce greenhouse gasses. While there has been
significant effort to reduce greenhouse gas emissions with energy efficiency and renewable projects, there have
been few efforts in the country or in the individual states to develop plans to prepare for these impacts.

Specific threats to the human and natural environment in our primarily snow melt-dependent region and
the likelihood of intense drought, wildfires, storm events, and new disease pathogens affecting human,
animal and plant health have not been met with an effective public education strategy. Most government
agencies and local governments do not have the capacity or the expertise to develop preparation policies
and plans for natural, built, human service or economic systems, nor the information strategies to inform
businesses and private citizens about these plans.

2. Notably missing from the communications activity to date related to climate change are efforts to
increase awareness of the public health effects of climate change.  There is a general tendency on the part
of policy planners and media to focus on the more visual and readily understood environmental impacts
of global warming such as melting snow pack, constricted water supplies and rising coastlines, because the
public can generally understand how these impacts will affect their local communities and economies.
However, complex interactions between climate change and human health may make some mosquito-
borne diseases more prevalent in Oregon as temperature and rainfall patterns change. Although the linkage
between shifts in climate and impacts on human health may be subtle, the impacts can be profound.
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Potential health effects can be galvanizing for communities, since everyone obviously has an intimate connec-
tion with their own health.  The communications challenge is the ability to make the connection between
personal well-being and the complex relationship of climate change, ecosystem health and public health.

3. Although climate change poses serious challenges to businesses and local economies, it also provides signifi-
cant opportunities. The need to adopt new crop varieties suitable to a changing climate may be a boon for early
adopters. Growing seasons may lengthen and frost damage for fruits and vegetables may no longer be a problem.
Climate refugees from high impact coastal or drought-stricken areas may enhance the work force and the
economies that have the capacity to integrate them. The communication message should avoid the trap of
gloom and doom, and information about impacts should be framed positively when accurate and appropriate.

4. Oregon electricity utilities are uniquely positioned
to take advantage of carbon-neutral biomass generation,
and carbon-free wind, solar, geothermal and hydroelec-
tric generation as a mitigation strategy.  However, the
siting of new renewable generation facilities to reduce
the state’s overall carbon emissions will require an
effective public outreach program to inform private
landowners about both the benefits of these projects
and their environmental and visual impacts. Further-
more, we can anticipate that there will be renewed
interest in nuclear generation as a carbon-free alterna-
tive to fossil fuels. We can anticipate a need for the new
Commission to inform the public about the pros and
cons of this strategy, as well.

5. Climate change impacts reach across social, eco-
nomic and environmental boundaries and will affect all
segments of the population. One of the communication
challenges will be the need to tailor outreach efforts
according to the needs of a diverse audience.  People
who are unsure of the reality of climate change will
need different types of communications than those who
clearly understand the risks. Farmers and ranchers have a different set of concerns from large industries
and commercial businesses.  As well, there will likely be competing interests for dwindling resources like
water that will have to be equitably divided between electricity needs, agriculture needs and salmon
restoration efforts. The challenge will be to find common ground between these separate segments and
avoid the fractures that could weaken strong decision-making at the policy level.

5. RECOMMENDED ACTIONS

1. The Global Warming Commission should appoint a subcommittee, made up of stakeholders with
expertise in marketing, health education, outreach and communications.  This subcommittee will be

Oregon Environmental Council
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responsible for the design, implementation and coordination of an education and outreach program that
will partner with the following entities:

• Oregon Climate Change Research Institute

• State, regional and municipal agencies

• Local governments

• Special districts

• Tribes

• Non-profit organizations

• Schools

• Businesses (commercial and industrial sectors)

• Agriculture and forestry interests

• Urban and rural economic sectors

• Boards and commissions for each economic sector

• Healthcare sector

• Media outlets

The education subcommittee should identify ongoing climate change education efforts, determine the
scope of those efforts and identify other priority audiences that have not been addressed.

2. The Global Warming Commission should investigate programs that are strongly rooted in the principles
associated with a research-based approach to behavior change, including community based social market-
ing; stage-based approaches to change which use cognitive, experiential and behavioral change interven-
tions to help people in all stages of change move from disinterest toward action; community-centered
approaches that promote the empowerment of community partners and encourage collaborative design
and implementation of local programs; and assets-based approaches that focus on identifying, strengthen-
ing and utilizing resources and knowledge that exist within the community itself to support behavior
change. Research in the social sciences demonstrates that significant behavior change takes place at a commu-
nity level when people begin to see the benefits of change as greatly outweighing the costs of action, and when
barriers to change are identified and removed, and when positive actions are continually reinforced.

There are several examples of successful programs aimed at fostering climate-positive sustainable behavior
within targeted communities that would serve as appropriate models for a state-wide program.  One such
program is the Cool Corporate Citizenship Program run by the Empowerment Institute in California.  Its
mission is to help companies reduce their overall carbon footprint and empower employees to follow suit
at home and in their communities, achieving behavior change in not one community, but three.  The
Cool Corporate program focuses on providing tools to heighten employee carbon awareness, assess a
carbon footprint, develop a plan for carbon reduction and, finally, ensure successful implementation.

Another very successful program is Climate Masters, developed by the Climate Leadership Initiative at the
University of Oregon. Modeled after master gardener and master recycling programs, Climate Masters
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consists of a 30-hour free train-the-trainer program aimed at both households and businesses in which
participants learn cost-effective tools for reducing greenhouse gas emissions. Each participant than “pays”
for the class with 30-hours of volunteer outreach focused on consultations that help other households or
businesses reduce their greenhouse gas emissions.

Still another successful venture is the Travel Smart pilot projects that were employed in Portland, Salem-
Keizer, Eugene and Bend, and focused entirely on changing mobility patterns and reducing Vehicle Miles
Traveled (VMT) in these four urban areas.  Instead of concentrating on diverse behavior patterns (energy
use, waste disposal, travel) in one sector (e.g., neighborhoods, businesses, schools) the project’s goal was to
get people out of their cars and onto buses, light rail, sidewalks and bicycles regardless of whether they
were traveling for school, recreation, work or errands.  This approach had the benefit of reaching a wide
spectrum of the population and achieving significant reductions in VMT by single drivers.

Finally, the United Kingdom (U.K.) government developed a comprehensive, evidence based, communi-
cations strategy that challenged many preconceptions about climate change and communications.
A summary of this can be found in two documents, The Rules of the Game and New Rules, New Game,
produced by Futerra, a U.K. communications agency.41

3.  A communications plan should also facilitate and foster dialogue between key innovators of change.
Several institutions and organizations currently exist in Oregon whose primary mission is to promote
sustainability across a wide range of economic sectors, such as energy use, transportation, forestry, agricul-
ture, green building, green jobs and municipal and county planning. There are also individuals within
those same sectors whose expertise will be invaluable to those planning on a state and local level.
Web-based technologies such as listserves and issue-focused networks are ideally suited to enhance com-
munication between these groups of people.  As well, efforts should be made to convene workshops and
other face-to-face meetings that will improve our ability to share experience, resources and information.

4. The Global Warming Commission should identify and carry out the studies necessary to support
credible research-based approaches to behavioral change programs.  Initial groundwork was laid by the
Institute of Natural Resources’ climate change focus group project in 2006, but further research is needed
to help define the target audiences and refine messaging for those audiences.

5. The Global Warming Commission should put into effect a coordinated media plan that will
a) generate press coverage around global warming to help increase public awareness; b) leverage the
substantial national coverage global warming is garnering by infusing stories with a unique Oregon
perspective on impacts, mitigation, and preparation strategies; and c) increase understanding of the basic
science of climate change.

The media plan should engage the full spectrum of media outlets currently accessed by the public. These
include newspapers, radio stations and TV stations, as well as the new generation of web-based outlets
such as news blogs, on-line forums and email updates.  The Commission should also cultivate reporters
and editorial boards for timely articles and opinion pieces as opportunities arise.  The Commission should
also consider developing a contact and resource list with partners in the business, academic, non-profit and

41 The detailed strategy can be found at www.defra.gov.uk.
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scientific communities who can provide additional perspectives on global warming issues.  The Commis-
sion should be particularly cognizant of opportunities to emphasize coverage of policies that are being
considered for adoption at the state level so that Oregon citizens can understand, support and take pride
in Oregon’s leadership role in addressing global warming.  To that end, CCIG recommends that a global
warming portal to the statewide climate change website be featured on the Governor’s home page website
and that of all state agencies.  This strategy not only conveys the importance and cross-cutting nature of
global warming, but also greatly expands information outreach.

6. Funding for the implementation of a communications and outreach plan should be allocated in the
next biennium for both the Global Warming Commission (through the Oregon Department of Energy)
and the Oregon Climate Change Research Institute.  An initial allocation of $100,000 would provide
resources for engaging a professional communications agency to assist the Commission.
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RESEARCH

1. SUMMARY

The Climate Change Integration Group has endeavored to develop suggestions for a research
agenda on climate change for the Oregon University System and, to a lesser degree, for state
agencies and the private sector. Research is a vital component of the framework Oregon needs to
develop to assist individuals, businesses and governments to incorporate climate change into their
planning processes. In addition, it is now clear that equal attention has to be given to the human
dimension of climate change processes.

The CCIG recommends that the newly created Oregon Climate Change Research Institute
(OCCRI) work with the new Global Warming Commission to create a Climate Change Research
Working Group with representatives from water and wastewater utilities, electric utilities, general
business, agriculture, forestry, transportation and non-governmental organizations focused on
climate change. Such a working group could advise the OCCRI leadership on how to design and
conduct a workshop of university researchers and business and community leaders to develop a
research agenda for Oregon.

Two overarching needs stand out. First, baseline data needs to be developed in order to build a
framework for evaluating the costs and risks of climate impacts on all sectors of Oregon’s economy
and communities, ranging from agriculture and forestry to urban built environments and public
health. Second, understanding and forecasting climate variability and its impact on near term to
multi-decadal time scales is vital. Potential changes in the variability of climate have extremely
important implications for ecosystems and human activities, but are poorly understood, particularly
on regional spatial scales.

2. CONTEXT

The Governor charged the Climate Change Integration Group to undertake two tasks related to research:

• Continually assess the sensitivity, adaptive capacity, and vulnerability of natural as well as human
economic and social systems to climate change in Oregon and prepare recommendations about
how the state can become more resilient and prepare for unavoidable changes; and

• Initiate and support research aimed at identifying management opportunities and
strategies for mitigation, adaptation, and preparation in collaboration with the Oregon
University System.
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Given the timeline for producing this report and the limited funding available to do so, the CCIG has not been
able to update the Scientific Consensus Statement on the Likely Impacts of Climate Change on the Pacific Northwest
prepared in 2004 and included as Appendix C to the Oregon Strategy for Greenhouse Gas Reductions.

As stated in our Interim Report
(see Appendix 2) we have strived to
develop suggestions for a research
agenda on climate change for the
Oregon University System and, to
a lesser degree, for state agencies
and the private sector. Research is a
vital component of the framework
Oregon needs to develop to assist
individuals, businesses and govern-
ments to incorporate climate
change into their planning pro-
cesses. It is now clear that equal
attention has to be given to the
human dimension of climate
change processes; economic and

policy decisions both influence and are affected by climate change. We are moving into a world with no
analog in our past experience.  As we move into this world, our understanding will always be changing
and improving.

Oregon researchers must work closely with colleagues throughout the Pacific Northwest, as well as the
national and international climate research community, in order to develop the information and analytical
tools needed by Oregonians. Given limited financial resources at the state level, the CCIG believes it to be
vital to leverage the state investment in the OCCRI with additional federal support for climate change
research. It is also important to avoid duplication of work being done elsewhere.

3. RECOMMENDED ACTIONS IN 2004 STRATEGY AND STATUS REPORT

3.1 2004 Research Recommendations

The recommendations of the Governor’s Advisory Group on Global Warming are still relevant, especially
since funding has not been available to support action on them.  The greatest areas of uncertainty affecting
our ability to understand and develop climate change scenarios in the Pacific Northwest still are:

“Shifts in regional-scale climate forcing, such as precipitation and winds, are the fundamental
processes that affect ecosystems. We have little certainty in the projections about these key
processes for the Pacific Northwest, and their effects on outcomes such as extreme events (e.g.,
flooding and large fires). The next level of uncertainty is the response of marine and terrestrial
ecosystems to changes in the patterns of variability as well as long-term trends. Lastly, shifts in

Oregon State University
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management practices, urban development, and other human activities will be convolved with
changes in the natural environment and will impact ecosystems.”

And the most important issues to be addressed in the next 5-10 years also remain the same:

• What will be the trend and pattern of precipitation in the Pacific Northwest?

• What will be the patterns of coastal ocean winds and associated upwelling events?

• What are the dynamics of large, decadal-scale patterns of ocean/atmosphere interactions?

• Do thresholds exist for abrupt climate change and system shifts?

• How will the aforementioned patterns affect ecosystem patterns and resilience (including the
maintenance of processes and patterns in the face of variability)?

• What are the effects of shifts in human management practices (urban development, etc.) on im-
pacts to climate change?

While little progress has been made in addressing these issues, the institutional framework for studying
them was created.  The 2007 Legislative Assembly enacted House Bill 3543, Section 15 which created the
Oregon Climate Change Research Institute (OCCRI).  OCCRI will engage faculty from throughout the
Oregon University System.  The OCCRI is directed to:

(a) Facilitate research by Oregon University System (OUS) faculty on climate change and its effects
on natural and human systems in Oregon;

(b) Serve as a clearinghouse for climate change information;

(c) Provide climate change information to the public in integrated and accessible formats;

(d) Support the Oregon Global Warming Commission in developing strategies to prepare for and to
mitigate the effects of climate change on natural and human systems; and

(e) Provide technical assistance to local governments to assist them in developing climate change
policies, practices and programs.

In addition, OCCRI is directed to assess, at least once each biennium, the state of climate change science,
including biological, physical and social science, as it relates to Oregon, and the likely effects of climate
change on the state and submit the assessment to the Legislative Assembly and to the Governor.

3.2 Oregon Climate Change Research Institute Start Up
A planning committee to organize OCCRI has been created with representatives from Oregon State
University, the University of Oregon, Portland State University, Southern Oregon University and Oregon
Health and Sciences University.  The Planning Committee is chaired by Mark Abbott, Dean of the
College of Oceanic and Atmospheric Sciences at OSU. $180,000 was appropriated for FY2009 for the
OCCRI.  The Planning Committee will recruit a director who will likely be able to begin work in
July 2008.

The CCIG anticipates that between now and July 1, 2008, the Planning Committee will work with the
new Global Warming Commission and faculty researchers to develop a research agenda aimed at
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identifying opportunities and strategies for Oregon in response to climate change and its effects.  A vital
component of developing the research agenda will be to assess the research capabilities and faculty within
the OUS system and match that assessment with an analysis of the research needs of Oregon citizens,
businesses and government agencies.

We recommend that the OCCRI work with the new Global Warming Commission to create a Climate
Change Research Working Group with representatives from water and wastewater utilities, electric
utilities, general business, agriculture, forestry, public health,  transportation and non-governmental
organizations focused on climate change.

Such a working group could advise the OCCRI leadership on how to design and conduct a workshop
of university researchers and business and community leaders to develop a research agenda for
Oregon based upon identified user needs and a synthesis and integration of existing interdisciplinary
climate change science.

To support the start up of the OCCRI and the preparation of this report, an effort was made to identify all of
the climate change researchers within the OUS. A database containing biographical information and research
interests has been compiled and is available at  http://oregonstate.edu/~conklida/OCCRdatabase/.  The
database includes 99 faculty members, reflecting the depth, strength and breadth of our OUS expertise in
climate science. Over 70 research fields have been identified with particular strength in ecological and
human impacts.

4. CURRENT ISSUES AND CHALLENGES

Despite our inability to develop a formal research agenda for Oregon, Oregonians, our university faculties
and our committee have identified some critical research issues for Oregon, beyond those identified in the
2004 Report. In addition, we have become aware of research initiatives underway in other states that
could guide the work of the OCCRI.

4.1 Models for State Research Initiatives
Twenty-nine states have now developed climate change action plans according to the Environmental
Protection Agency.  Of these, nine contain recommendations related to research, however, most of the
recommendations focus solely on developing new technologies to reduce greenhouse gas emissions.
While such research is certainly important, in Oregon such research should be the focus of the newly
created BioEconomy Sustainable Technology Signature Research Center, not OCCRI.

 The most comprehensive state climate change research program in the United States has been designed
and conducted in California through the Public Interest Energy Research Program (PIER) within the
California Department of Energy.  We believe that the California research program could serve as a useful
model for OCCRI.  See http://www.climatechange.ca.gov/research/index.html.

The development process for PIER’s climate change research program identified a range of interrelated
research needs in five areas: 1) climate change monitoring, analysis and modeling; 2) estimating costs of
reducing greenhouse gas emissions; 3) impacts of climate change on water and ecological resources;
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4) sequestration of carbon in the state’s terrestrial ecosystems and geological formations; and 5) the eco-
nomics of climate change mitigation and adaptation in the state. The research plan is intended to produce
a strategic California climate change program that can be enhanced with collaboration and funding from
other state, federal, and private entities. The plan recognizes that climate change monitoring, analysis, and
modeling research provides critical inputs to all other research areas, while research on the economics of
mitigation and adaptation integrate the results of the other areas and helps depict their potential policy
implications.

The California research agenda is intended to inform decision makers of the potential impacts of climate
change in the following ways:

 1. Climate monitoring, analysis, and modeling provide researchers with a historical context
of present and past conditions in California, helps determine which models are most appropriate
for providing inputs and assessing regional climate changes, and informs the development of
climate scenarios that will illustrate the likelihood and severity of changes to weather and cli-
mate in California, including precipitation, average temperature, extreme heat days, and sea levels.
Research objectives focus on compilation and analysis of historical climate and measurement of
key variables, intercomparison of regional climate models and development of climate scenarios
for the state.

2. Inventory methods and resolving existing uncertainties to enable the state to more accurately
track greenhouse gas emissions trends.

3. Options to reduce greenhouse gas emissions weigh the relative costs and benefits of the
available options to reduce greenhouse gas emissions to achieve the maximum benefit from
public and private investment.

4. Impact and adaptation studies identify potential impacts and effective adaptation and prepara-
tion methods for the state, particularly with regards to ecological resources, water resources, and
human health.  Research is underway to identify potential impacts and effective adaptation and
preparation methods for California, particularly with regards to forest and agricultural resources,
ecological resources, water resources, and human health.

5. Economic analyses allow California to estimate both the costs of climate change and cost
implications of various policy responses.

While Oregon may not be able to afford as comprehensive a research program as California, by building
on the California research roadmap, it may be possible to integrate our efforts and gain added value.

Another potential model to review is the research program developed and funded by the government of
New South Wales (NSW) in Australia.42  The NSW Greenhouse Plan’s Climate Change Impacts and
Adaptation Research Program has allocated approximately $2 million (AU) over four years to research the
likely impacts of climate change on health, threatened species, aquatic ecosystems, fires, conservation
planning, invasive species, coastal impacts, terrain mapping and water.

42 See http://www.greenhouse.nsw.gov.au/actions/agencies/decc/adaptation_research_projects



page 66   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

Community-based participatory research (CBPR) is a methodology that can not only produce knowledge, but
also be a useful tool for public education and outreach.  This methodology for research engages community
partners in formulating and refining research questions, collecting data, and interpreting and disseminating the
results.  The research process itself thus becomes a way to engage and educate community members.  The OUS
has several prominent CBPR researchers, and the OCCRI should build on that strength.

4.2 Identified Oregon Research Needs
The CCIG was not able to hold formal workshops to develop a research agenda.  The new OCCRI will
take up this challenge.  Nonetheless, the CCIG has been able to develop a better sense of research needs
in several ways.  First, focus groups with businesses and government were conducted by the Climate
Leadership Initiative at the University of Oregon.  Second, testimony to the Oregon Legislature in sup-
port of the OCCRI was prepared and submitted by the Regional Water Supply Consortium.  Third,
research needs were identified in several presentations to the CCIG.  Finally, a workshop on Climate
Change Research was held at OSU on June 14-15, 2007. The structure of the workshop was guided in
part by more than 80 white papers submitted by OSU faculty and researchers from the USEPA, USGS
and the USDA Forest Service Pacific Northwest Research Station in Corvallis. These white papers show
the scope of climate change research being conducted at OSU and local federal agencies.

Needs and opportunities identified through these three processes provide a useful starting point for the
OCCRI as it develops the research agenda envisioned by the Legislature.  Two overarching needs stand
out. First, baseline data needs to be developed in order to build a framework for evaluating the costs and
risks of climate impacts on all sectors of Oregon’s economy and communities, ranging from agriculture
and forestry to urban built environments and public health.  This could allow us to determine the most
vulnerable sectors under a range of thresholds and to rank sectors in terms of risk.

Second, understanding and forecasting climate variability and its impact on near term to multi-decadal
time scales is vital. Potential changes in the variability of climate (for example, storminess, variation in
maximum temperatures, variations in rainfall) have extremely important implications for ecosystems and
human activities, but are poorly understood, particularly on regional spatial scales.  One of the challenges
of predicting future climate change is using climate modeling tools on local to regional spatial scales,
particularly in complex terrain like mountainous regions, or areas where land use is changing the nature
of the land surface.

More specific research needs were identified for various industries and for Oregon communities in order
to address adaptation and preparation needs, as well as economic opportunities.

4.2.7 Agriculture and Forestry
What are the temperature and drought thresholds for individual crops? What are the implications for
invasive species? What are the CO

2
 emissions from forest fires? What are the implications for tree species

selection? One of the most profound changes to the earth in the last 200 years is the dramatic increase in
atmospheric carbon dioxide, which has direct and indirect impacts on plant growth, affecting carbon
cycling, higher trophic levels, food resources, and feeds back to atmospheric carbon dioxide levels them-
selves. These impacts are not adequately characterized or understood, but are critical for understanding
future change and their implications for forestry, agriculture and fisheries.
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4.2.8 Energy
What is the potential for biomass energy and what are the risks?  What are the impacts of climate change
on developing alternative energy? Wind power, wave power, and biofuels, as well has more traditional
hydropower, are all directly affected by climate change. As these energy sources become more prevalent in
the Pacific Northwest, it will be necessary to understand how a changing climate may impact their viability.

4.2.9 Water Resources
Development of more effective watershed hydrology models is needed that allows an understanding of what
future rises in temperature and changes in precipitation patterns will do to basin hydrology, such as rain/snow
transition zones and floodplains. Support for collaborative research on climate change on watersheds, hydrology,
geology, demands, and modeling of natural and manmade water supply systems are needed that allow
municipalities to better understand the potential nature of future impacts. What are the impacts of climate
change on flood rule curves in storage projects, and water quality, particularly during lower flow events, and the
relationship to Total Maximum Daily Loads, National Pollutant Discharge Elimination System permits and on
non-point pollution loadings, fish and other aquatic species impacts, and frequency of rain on snow events?

4.2.10 Natural Resources/Wildlife
Which species are most vulnerable to climate change? How will sea level rise affect fisheries and estuaries?
Research is needed on forecasting change in species distribution and abundance and in biological com-
munities in various scenarios of climate change (and climate change interacting with land use change);
understanding impacts on human society; and suggesting opportunities for mitigation of negative impacts
and amplification of positive impacts on ecosystem services. Answering these questions requires research in four
areas: (1) How have species and biological communities responded to climate change in the past (retrospection)?
(2) How will species and biological communities respond to climate change in the future (forecasting)?
(3) What does this mean for society (valuation, ecosystem services)? (4) What can we do (response)?

4.2.11 Built Environment/Communities
Given our built environment, what structures are most at risk from climate change in terms of storm
intensity, flooding and sea level rise?  What are the impacts of sea level rise and wave climate on coastlines,
coastal ecosystems, and coastal communities? Higher sea levels and changes in the storm regime can have
large impacts on regional coastal communities.

4.2.12 Crosscutting Issues
Impacts of climate change frequency and magnitude of extreme events also need to be better understood
in terms of their impact on Oregon communities. Extreme events like large storms, mudslides, fire, and
hypoxia are the most visible impacts of the climate system on human and biological systems. There is
some evidence that future climate change will change the frequency of extreme events, with obvious
potential impacts on human systems.  Research on the public health-related dynamics of climate change,
particularly at the local and regional levels, is also needed.

How can we create resilient communities in the face of climate change? How do people learn about/
perceive climate change? How are concerns about climate change balanced/traded off with other con-
cerns? How can we (or decide to) create resilient infrastructure? How is information/learning translated
in behavioral change? Will Oregon’s population increase due to refugees from more severely affected
areas?  What will be the affect on pathogens and allergens?
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How does land use cover change and impact ecosystem function, ecosystem services, and human welfare,
including impacts of land use on carbon sequestration, carbon cycling, and climate? Land use change can
impact the climate system, but also feeds back on political and social systems. Impacts on carbon cycling
are particularly important as more effort is made to understand the dynamics of atmospheric carbon
dioxide, and the role of carbon cycling in terrestrial ecosystems in controlling atmospheric carbon dioxide
and in acting as a potential sink for fossil fuel carbon dioxide.

5. RECOMMENDED ACTIONS

The CCIG recommends that the newly created Oregon Climate Change Research Institute (OCCRI)
work with the Global Warming Commission to create a Climate Change Research Working Group with
representatives from water and wastewater utilities, electric utilities, general business, agriculture, forestry,
transportation and non-governmental organizations focused on climate change. Such a working group
could advise the OCCRI leadership on how to design and conduct a workshop of university researchers
and business and community leaders to develop a research agenda for Oregon. Approximately $30,000 is
needed to fund preparation and delivery of such a workshop.  The purpose of the research should be to
position Oregon to respond effectively to the challenges posed by climate change and to embrace the
opportunities it offers to develop a new way to live sustainably on Earth.

OCCRI was funded for $180,000 in General Fund appropriation and five positions (1.88 full-time
equivalent positions) to operate in the second year of the 2007-09 biennium. Funding will roll-up to
$360,000 in the 2009-11 biennium.  The CCIG does not believe that this level of funding and staffing is
adequate to meet Oregon’s climate change research needs.  The CCIG urges the Governor and the Legis-
lature to increase funding for the OCCRI to the amount originally requested by the Board of Higher
Education (a total of $800,000 per biennium and 3.5 FTE).
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APPENDIX 1:  INVENTORY AND FORECAST OF

OREGON’S GREENHOUSE GAS EMISSIONS

In 2004, Oregon’s greenhouse gas (GHG) emissions were 67.5 million metric tons of carbon dioxide
equivalent43 (MMTCO

2
e).44   That was about one percent of greenhouse gas emissions for the United

States as a whole, which were roughly 7.1 billion metric tons CO
2
e.

Greenhouse gas emissions increased by 12 million metric tons from 1990 levels by 2004, which is a 22
percent increase over Oregon’s 1990 greenhouse gas emissions of 55.5 million metric tons of CO

2
e.  This

compares with a 16 percent increase for the United States. Figure 11 shows the change in emissions for
different greenhouse gases between 1990 and 2004.

Figure 11: Oregon Greenhouse Gas Emissions 1990-2004

43 “Carbon dioxide equivalent (CO
2
e)” refers to a comparison of the radiative force of different greenhouse gases related to CO

2
, based on

their global warming potential. It is a way to compare all greenhouse gaseson a uniform scale of how much CO
2
 would be needed to have the

same warming potential as other gases over the same time scale. Following U.S. Environmental Protection Agency (EPA) and international
reporting protocols per the Second Assessment Report, methane is 21 times more powerful than CO

2
 over 100 years and nitrous oxide is 310

times more powerful (newer IPCC GWPs are not used in this report).
44 The Department used the U.S. Environmental Protection Agency State Inventory Tool (SIT) for estimating greenhouse gas emissions to
prepare its inventory except for CO

2
 emissions from electricity use and emissions from waste. Default data in the tool are often used, but other

data sources are also used.
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As shown in Figure 12, the vast majority of Oregon’s greenhouse gas emissions (86 percent) came from
carbon dioxide (CO

2
). The primary source of CO

2
 pollution came from burning fossil fuels, such as coal

at power plants serving the state, gasoline, diesel, and natural gas.  There were also emissions from industrial
processes, such as the manufacture of cement and from combustion of fossil-fuel derived products in
burning municipal and industrial wastes.

In 2004, emissions from methane (CH
4
), primarily from cattle and landfills, contributed 7 percent of

greenhouse gas emissions in Oregon. Nitrous oxide (N
2
O) emissions, primarily from agricultural

practices, contributed about 4 percent to greenhouse gas emissions. The “high global warming
potential gases” (high GWP gases) which consist of two classes of gases – hydrofluorocarbons (HFC)
and perfluorocarbons (PFC) – and one individual gas – sulfur hexafluoride (SF

6
) – accounted for

the remaining 4 percent of emissions.

Figure 12: Greenhouse Gas Emissions Breakdown by Gas for 2004

Greenhouse gas emission data for all gases from 1990 through 2004 is provided in Table 5 along with
forecast data and in Table 6 (with detailed sector data) at the back of this appendix.
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1.1 Carbon Dioxide Emissions
Fossil fuel combustion is the primary source of CO

2
 emissions.  Emissions from fossil fuel combustion are

divided into two primary categories: direct emissions from fossil fuel combustion and indirect emissions
associated with the consumption of electricity in Oregon.

Electricity Generation. Electricity was the fastest growing source of CO
2
 from the use of fossil fuels in

the period 1990 through 2004. Emissions from electricity consumption grew 29 percent from 1990 to
2004. One reason for this increase is the phasing out of the Trojan nuclear power plant in the early 1990s.

An emerging consensus is for greenhouse gas inventories, especially at the state or regional level, to attribute
energy emissions to the jurisdiction in which the energy is consumed. Following this convention, the Oregon
Department of Energy calculates emissions from electricity generation based on the carbon content of the

regional mix of electricity that serves Oregon’s electrical
load.  This approach is known as a “consumption-based”
inventory methodology.

In contrast, the federal government uses a “production-
based” inventory methodology which counts emissions
from power that is generated within a jurisdiction’s
geographic boundaries (but not from the consumption
of electricity). At the national level this approach makes
sense. However, the “consumption based” regional
approach better reflects carbon emissions in Oregon for
the following reasons:

 1) Oregon’s second-largest utility, PacifiCorp, has most
of its power generation out-of-state, and most of
that is coal-fired.

2) Taking credit for hydropower generated for the Bonne-
ville Power Administration from Columbia River
dams, as it is allocated to Oregon in national inventories,
does not reflect the way that electricity (and its
associated emissions) is actually distributed in the region.

3) Using a “production based” inventory as a means to
measure policy actions at the state level can lead to
misleading results. In effect, an action to reduce emis-
sions only leads to an emissions reduction if the emis-
sions are physically generated within state boundaries.

It is important to understand the interaction between
the mix of power sources serving Oregon’s electrical
load in any given year and CO

2
 emissions associated

with that power. Figures 13 and 14 above show the
power supply mix serving Oregon load in 2004 and
2005, respectively. Note that in 2004 a greater proportion

Figure 13: Electricity Supply Mix in 2004

Figure 14: Electricity Supply Mix in 2005
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of Oregon’s power came from zero emission hydropower sources, whereas in 2005 the ratio between coal
power and hydropower was roughly equal.

Historically, Oregon has had a fairly even balance between coal and hydropower emissions serving Oregon load in any
given year (roughly 40+ percent each). In those years where that balance tilts toward hydropower, there will
normally be a drop in overall state greenhouse gas emissions. However, it is important to keep these year-to-year
fluctuations in mind before drawing conclusions about short-term greenhouse gas emission trends for Oregon.

Emissions data for electricity were derived from several analyses. Data for 1990, 1991, and 1992 take into
account the contributions of the Trojan nuclear plant based on a detailed analysis of power contracts in 1990.
Data for 1993 through 2000 are based on a region-wide average of carbon content for that period.  Data for
2001 through 2004 derive from detailed yearly analyses of the region-wide carbon content of electricity serving
Oregon load.

Transportation. Gasoline and diesel fuel use in transportation45 were the largest sources of CO
2
 emis-

sions from fossil fuels at 40 percent in 2004. Emissions from transportation grew 14 percent from 1990 to
2004, but the relative contribution has changed only slightly.

Direct Natural Gas and Distillate Use. CO
2
 emissions from the industrial and residential sector from direct

natural gas and distillate fuel combustion grew by 45 and 27 percent, respectively, from 1990 to 2004. Other
sources were asphalt and petroleum coke in the industrial sector and liquefied petroleum gas in the residential
sector.  Emissions from the commercial sector were essentially flat, dropping only slightly (by about 5 percent).

1.2 Methane
Methane emissions contributed about 5 million metric tons of CO

2
e in 2004.  That represented about 7

percent of Oregon’s 2004 greenhouse gas inventory. The distribution of methane emissions for 2004 is
shown in Figure 15 below.

Figure 15: Methane Emissions by Source in 2004

45 Residual fuels use by vessels is not included because international ships are the primary purchasers. They purchase fuel at any port, based on
price. Therefore combustion of the fuel is not directly related to economic activity within Oregon.
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More than half of methane emissions came from agricultural practices. Enteric fermentation, or burps
from cattle and other domesticated animals, contributed 44 percent. The methane is generated in the
rumen, or first stomach, of cattle and other ruminants. Another 8 percent came from manure management,
both from that managed in lagoons on farms or that simply deposited on the ground.

The second largest source of methane was from waste in municipal and industrial landfills at 26 percent.
Leaks from natural gas and oil systems (calculated from miles of pipeline and number of services) amount
to about 13 percent of methane emissions. Another 5 percent came from wastewater from municipal
facilities, pulp and paper production, fruit and vegetable processing, and red meat and poultry processing.
Other sources include emissions from vehicles, and emissions from combustion of natural gas, distillate,
residual fuel, and wood in homes and businesses.

1.3 Waste Emissions Data
Estimates of emissions from solid waste facilities combine data from several sources.46 Oregon Department
of Environmental Quality (DEQ) tracks the quantity of solid waste disposed of at landfills and incinerators
in Oregon, by state of origin. (Significant quantities of garbage from Washington are disposed of in Or-
egon.) Estimates are also made of the quantity of mixed wastes burned by households (backyard burning,
etc.). For land filling and combustion of unsorted wastes, preliminary data from Oregon’s periodic waste
composition studies is used to estimate the composition of wastes landfilled and incinerated. Composition
estimates are combined with bulk tonnage estimates to estimate the tonnage of different materials (resins
of plastics, wood, grades of paper, etc.) disposed of in different classes of facilities. DEQ’s annual material
recovery survey also tracks the quantities of certain wastes that are burned for energy. U.S. EPA emissions
factors (carbon dioxide and nitrous oxide) for combustion of individual materials (plastics, wood, paper,
etc.) are then applied against estimates of tons of each waste type incinerated.

EPA emission factors (carbon) are also applied to estimated quantities of wastes landfilled, in order to
estimate sequestration of biogenic carbon buried in landfills. These sequestration estimates are assigned to
the year in which the waste is landfilled. For more information on carbon sequestration estimates, see the
“Net Emissions and the Oregon Inventory” section.

Estimates of methane emissions from landfills are slightly more complex. First, estimates are made of the
quantity of methane generated in each landfill. Generation (and related emissions) is assigned to the year
the methane is assumed to be generated, not the year in which the waste is first disposed of. For each
landfill, DEQ combines time series data on waste flows, EPA-approved generation factors, and generation
curves (as a function of time) developed to estimate the quantity of methane generated in any given year.
To simplify the analysis, the state’s very small landfills are treated as a single unit.

For wastes disposed of prior to 2003, an EPA model is used that treats waste disposed of as a homogenous
mass. For waste disposed of in 2003 and subsequent years, DEQ uses waste composition data to estimate
the tons of each waste type and applies these estimates against methane generation factors for individual

46 It is important to note that for most materials, the emissions associated with producing materials are significantly greater than the emissions
associated with disposing of them.  Some of these production-related emissions are already captured in Oregon’s inventory, but most are not,
because they occur out-of-state. The greenhouse gas benefits of recycling and waste prevention are largely due to energy savings and forestry-
related storage, not avoided emissions at waste disposal facilities.
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waste types. Once methane generation is modeled, estimates are made as to the percentage of methane at
each landfill that is captured through gas collection systems and the percentage of fugitive emissions that
are oxidized as the methane passes through the landfill surface layer.  Emissions to the atmosphere are
estimated as methane generated, less methane captured and oxidized.

1.4 Nitrous Oxide
Nitrous oxide (N

2
O) emissions contributed about 2.8 MMTCO

2
e in 2004.  That represented about 4 percent

of Oregon’s 2004 greenhouse gas emissions.  The distribution of N
2
O emissions for 2004 is shown in figure 16.

Figure 16: Nitrous Oxide Emissions in 2004

The primary source of N
2
O emissions (over 70 percent) is from agricultural soil management through numer-

ous pathways.  N
2
O is emitted from agricultural soils due to synthetic and organic fertilizer use, application of

animal wastes through daily spread activities, application of managed animal wastes, crop residues remaining on
agricultural fields, biological nitrogen fixation by certain crops, cultivation of highly organic soils, and land
application of sewage sludge.  N

2
O also is emitted from soils from direct deposit of animal wastes in pastures,

ranges and paddocks.  There are also indirect emissions from fertilizers and from leaching and runoff.  In addi-
tion to agricultural soils management, N

2
O is directly emitted from the manure decomposition process.

About 16 percent of N
2
O emissions result from internal combustion engines and during the catalytic

after-treatment of exhaust gases, but these processes are not well understood.
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(Emissions from Nitric Acid Production, Burning of Agricultural Crop Waste and Municipal Wastewater are too small
to appear in Figure 16.)
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1.5 High Global Warming Potential Gases
The so-called “high global warming potential gases” consist of two categories of gases – perfluorocarbons
(PFCs) and hydrofluorcarbons (HFCs) – and one individual gas, sulfur hexafluoride (SF

6
).  These gases

have a global warming potential (i.e., amount of radiative forcing) that is between 140 to 23,900 times
more potent than CO

2 
in terms of their impact on global climate over a 100-year time span.  Thus, intro-

ducing even minute portions of these gases into the atmosphere can have major impacts.

In Oregon, the key sources for high global
warming potential gases are replacement
coolants and various processes in the
semiconductor industry.  Figure 17 shows
the relative share of industries that con-
tribute to the release of these gases.  Emis-
sions of the high global warming potential
gases have more than doubled between
1990 and 2004, although this is largely due
to the rise of substitutes for ozone-deplet-
ing substances in the cooling industry.

Perfluorocarbons (PFCs):  Aluminum
production was the major source of
perfluorocarbons from 1990 to 1996.  The emissions occur during the reduction of alumina in the pri-
mary smelting process. (As of 2001, aluminum is no longer produced from alumina in Oregon, and recy-
cling aluminum does not produce PFC emissions.) Beginning in 1997, emissions from PFCs for plasma
etching and chemical deposition processes in the semiconductor industry exceeded aluminum production,
and by 2004 represented all PFC emissions in this inventory.

Hydrofluorcarbons (HFCs):  HFCs are most commonly used as a replacement for chlorofluorocarbons
(CFCs) in cooling and refrigeration systems. CFCs were formerly the most common refrigerant, but
CFCs destroys the stratospheric ozone layer.  Therefore, their production is banned by international treaty.
Use and discharge of HFCs is controlled as a refrigerant, but not for other uses.

Hydrofluorcarbons are used for foam blowing, fire extinguisher applications, aerosols, sterilization, and as
solvents. Hydrofluorcarbons are also used in plasma etching and chemical deposition processes in the
semiconductor industry.  While hydrofluorcarbons do not damage the ozone layer, they are powerful
greenhouse gases.

Sulfur Hexafluoride (SF
6
):  Sulfur hexafluoride is one of the most powerful greenhouse gases.  It is

23,900 times more powerful than CO
2
. The largest use of sulfur hexafluoride is as an electrical insulator in

transmission and distribution equipment. Sulfur hexafluoride is also used for plasma etching and chemical
vapor deposition processes in the semiconductor industry.  There was some sulfur hexafluoride emitted
from aluminum production as well.

Figure 17: High Global Warming Potential Gas
Emissions in 2004 (HFCs, PFCs, and SF

6
)
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1.6 Contributions from Sectors of the Economy
Different sectors of Oregon’s economy contribute differently to the emission of greenhouse gases. Those
contributions have changed over time.  Figures 18 and 19 illustrate how key sectors contribute in 1990
and in 2004 based on Oregon’s economy.

Of particular note is the continu-
ing dominance of the transporta-
tion sector as the major source of
Oregon’s greenhouse gas emis-
sions. The industrial sector is a
distant second. Oregon’s popula-
tion growth is reflected in the
increase in emissions from the
residential sector, and the nation’s
continuing trend toward service
economy jobs is likely one reason
for the growth in the commercial
sector. Note that the electricity
consumption associated with
each sector is included in both
Figures 18 and 19, but is embed-
ded as part of the sub-totals in
each relevant sector.

Note that the accounting technique
used for an inventory substan-
tially shapes the perception of one
sector’s importance over another.
Current inventory protocols tend
to undervalue the contributions
of the waste sector, but in the
future that may change (see section
1.9 at end of this appendix).

Figure 18: Sector Contributions in 1990

Figure 19: Sector Contributions in 2004
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Table 5: Historical and Forecast Greenhouse Gas Emissions through 2020 (Consumption Basis)

Gross MMTCO2e             Inventory Data             Forecast Data

 1990    1995       2000 2004     2005       2010      2015      2020
Carbon Dioxide (CO2)

CO2 from Fossil Fuel Combustion1 29.25      32.16      34.48      34.47 33.84 ** 35.90      37.96     42.10
CO2 from Electricity Consumption      16.70      21.27      23.41      21.54 23.85 *  27.01      28.92     31.49

Industrial Processes        1.11        1.19        1.46        1.06 0.98 *     1.21        1.21       1.20
Waste Combustion        0.27        0.31        0.27        0.32  0.36 *      0.31        0.32       0.34

CO2 Total 47.33      54.93      59.61      57.39 59.03     64.43      68.41     75.13

Methane (CH4)

Stationary Combustion        0.10        0.10        0.10        0.14 0.10 **  0.09        0.09       0.09
Mobile Combustion        0.06        0.05        0.04        0.03 0.02 *      0.02        0.02       0.02

Natural Gas and Oil Systems        0.58        0.61        0.64        0.67 0.68 *    0.71        0.74       0.78
Enteric Fermentation        2.00        2.21        2.13        2.20 2.15 * 1.74        1.74       1.73

Manure Management        0.26        0.28        0.31        0.41 0.41 *     0.40        0.40       0.39
Burning of Agricultural Crop Waste        0.00        0.00        0.00        0.00 0.00 *      0.01        0.01       0.01

Waste        1.04        0.93        1.12        1.29  1.26 *      1.65        1.92       2.08
Wastewater        0.20        0.22        0.24        0.25  0.25 *      0.28        0.29       0.31

CH4 Total 4.23        4.41        4.58        5.01 4.88        4.90        5.22       5.42

Nitrous Oxide (N2O)

Stationary Combustion        0.11        0.10        0.10        0.09 0.09 **    0.08        0.07       0.08
Mobile Combustion        0.52        0.62        0.60        0.44 0.44 **   0.32        0.31       0.27
Industrial Processes        0.00        0.00        0.00        0.00 0.00 *      0.00        0.00       0.00

Manure Management        0.11        0.09        0.12        0.16 0.13 *     0.18        0.20       0.23
Agricultural Soil Management        2.06        2.08        1.96        1.99 2.37 *      2.07        2.07       2.08

Burning of Agricultural Crop Waste        0.00        0.00        0.00        0.00 0.00 *      0.01        0.01       0.01
Waste Combustion        0.02        0.02        0.03        0.03  0.03 *      0.03        0.03       0.03

Wastewater        0.00        0.00        0.00        0.00 0.00 *      0.00        0.00       0.00
N2O Total 2.82        2.92        2.82        2.70 3.07    2.68     2.69       2.70

HFC, PFC, and SF6

Industrial Processes        1.04        1.47        2.19        2.26 2.44 *    1.62        2.00       2.41

Total Emissions 55.42    63.72    69.19  67.36  69.42    73.63    78.32   85.66

* = Inventory data for 2005   ** = Forecast data for 2005 from EPA projection tool (data for 2005 inventory due in 2008)

NOTE:  Totals for 1990 through 2004 differ slightly from the detailed inventory (in Table 6) due to rounding differences.
1 The fossil fuel combustion totals do not count in-state generation of electricity (this is a consumption-based inventory).
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1.7 Emission Forecasts
Based on U.S. EPA forecasting tools and previously conducted sector-specific forecasts, the Oregon
Department of Energy forecasts that Oregon’s greenhouse gas emissions will grow by 30 MMTCO

2
e,

or 55 percent, in the worst case estimate from 1990 to 2020.  That rate assumes no change from current
practices (a “business as usual” estimate). In reality, it will probably grow less, although domestic
reductions may be offset by increased emissions as production shifts overseas. Table 5 shows the forecast by
sources of gases, and contrasts it with historical data.  Table 5 also provides a hybrid inventory/forecast
estimate for 2005.47 Unfortunately, the full set of data necessary to complete the inventory for 2005 will
not be available until early 2008.

Figure 20: Historical & Projected CO
2
 Emissions (Million Metric Tons of CO

2
)

Figures 20 (above) and 21 (next page) illustrate the projected future growth of greenhouse gas emissions.
The relative contribution of electricity consumption as compared with the direct combustion of fossil
fuels (particularly in the transportation sector) is highlighted in Figure 20.  The overall contributions of
each type of greenhouse gas through 202048 are plotted in Figure 21.

Electricity Forecast: For CO
2
 emissions from electricity, the Department used a growth rate of 1.6

percent, which is a composite of Northwest Power and Conservation Council forecasts and forecasts in
the integrated resource plans of Portland General Electric and PacifiCorp.49

(Emissions from Waste Combustion are too small to appear in Figure 20.)

47 Inventory data derive from models, counts, or estimates that have been calculated or collected as a historical record. Forecast data derive from
models or methodologies which use inventory data to project forward in time. Due to delays in federal data reporting, greenhouse gas inventories
normally lag at least three years.
48 Note that in the 2004 inventory the forecasts extended to 2025. The EPA projection tool (which was not available for the last inventory
process) only provides estimates to 2020, so that is the current upper limit.
49 The electricity forecast used in this inventory is the same forecast that was used in the 2004 inventory.
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Figure 21: Projected Greenhouse Gas Emissions by Gas Through 2020 (MMTC0
2
e)

Waste Methane Forecast: For methane emissions from waste, the historic trend is used as the starting point
for projecting future growth in waste generation. Using Department of Environmental Quality and U.S. EPA
data, estimates were made of the rate of change in per-capita waste generation during the period 1993 to 2002
for 30 different categories of wastes.  The rates of adjusted growth in per-capita waste generation (by material)
were then related to the rate of growth in inflation-adjusted Oregon personal income during the same period.

The estimate is that per-capita waste generation, aggregated across all 30 material categories, will grow to 10.1
pounds per person per day in 2025 under the “business as usual” scenario.  This assumes that relationships
between personal income and materials use/waste hold constant and is based on projections of inflation-
adjusted personal income from the Oregon Department of Administrative Services. Coupled with projected
population increases, total in-state waste generation (all discards, including recycling and composting) is pro-
jected to grow from 5.1 million tons in 2003 to 8.4 million tons in 2025.  The recovery rate (recycling and
composting) of these wastes, at about 46 percent when these forecasts were made, is assumed to hold constant,
so not all of the added discards end up in landfills.50

Oregon also imports significant quantities of municipal solid waste (garbage) from other states.  Waste imports
are modeled, growing at a rate of about 4.6 percent per year, from about 1.5 million tons projected in 2003 to
4.0 million tons in 2025. Only emissions associated with the disposal portion of the life cycle are counted for
these imported wastes.51

Forecasts for Sectors other than Electricity and Waste: All other sectors are forecasted using the U.S.
EPA projection tool, which is a relatively new addition to the State Inventory Tool (SIT) modules used
for the majority of this inventory analysis.  The EPA projection tool relies on the SIT inventory data to

50  The non-landfill benefits of recycling, composting, and waste prevention, such as reduced fossil fuel use and increased carbon storage in forests and landfills,
were included in estimates of the greenhouse gas benefits of specific measures. However, the state inventory does not account for non-landfill offsets, such as
savings in industrial processes from using recycled feed-stocks, in part because many of the benefits involve emission reductions outside of Oregon.
51  The waste forecasts for this inventory use the same data and models as the 2004 greenhouse gas inventory.
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produce its forecasts by using economic and population indicator data as projection mechanisms.  It also
has a number of features particularly useful for the high global warming potential gases, where phase-out
programs in place for many of those gases are included as part of the model.  Where indicator data are not
available, or where methods are not in place to predict future greenhouse gas emissions for certain sectors,
the tool relies on linear forecasting methodology.

1.8 Net Emissions and the Oregon Inventory
The Oregon greenhouse gas inventory is a “gross” inventory process. Only emissions of greenhouse gases
are counted and summarized in these pages. Some inventories also report on “net” emissions – which is
the difference between the total emissions of greenhouse gases and carbon sinks (which sequester carbon
out of the atmosphere). There are two major components to such an analysis. By far the largest potential
sinks for Oregon are land use changes and forestry carbon dynamics (abbreviated “LUCF”). A secondary
sink is carbon that is sequestered in landfills. However, due to substantial issues with forestry and land use
data, Oregon is not yet ready to provide a net emissions total in its greenhouse gas inventory.

Waste Sequestration:  Because food discards, yard trimmings, and paper do not completely decompose in the
oxygen-depleted environment of a landfill, some of the carbon remains stored for long periods of time. Exactly
how long is not known.  This carbon storage would not normally occur under natural conditions, as discarded
food, yard trimmings, and other
plant-derived debris would
normally be exposed to oxygen
and thus degrade into carbon
dioxide, thus completing the cycle
of carbon between the atmosphere
and the biosphere.

Because carbon storage in a landfill
is caused by human intervention, it
is counted as an anthropogenic sink,
or sequestration.  Carbon in plastic
and rubber that remains in the
landfill is not counted for sequestra-
tion, because it is of fossil fuel
origin and does not represent
carbon removed from the atmo-
sphere.  A comparison of how
carbon is sequestered in Oregon
landfills historically and in the future is presented in Figure 22.52

While all wastes containing biogenic carbon result in some sequestration, the landfilling of these wastes
also results in methane generation. For some wastes (food, for example), methane generation is expected

Figure 22:  Thousand Metric Tons of Carbon (in CO
2
e)

Sequestered in Oregon Landfills

52 The emission factors used in this analysis were slightly different in the years 2003-2005 than for data in previous years, and also for the
projections from 2010 through 2025.  This change in factors partly explains the discontinuity in both Figures 13 and 14 in the year 2005 numbers
relative to the other years.
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to exceed carbon storage. For other, slow-to-degrade materials such as lumber, newspapers and phonebooks,
however, sequestration may exceed methane emissions.

Care must be taken when considering the sequestration benefit of landfilling wastes. Even though landfilling
these materials results in a net increase in carbon storage, the alternative – recycling – typically has far greater
benefits. This is because the greenhouse gas impacts of producing manufactured goods is typically many times
higher than the greenhouse gas impacts of disposal. Recycling newspapers, for example, saves considerable
quantities of natural gas in the newsprint production process – producing newsprint from old newspapers
requires much less energy than producing newsprint from wood chips. So while landfill sequestration provides a
counter-intuitive carbon benefit, it should not be used to promote landfilling of organic wastes.

Oregon’s inventory estimates separate landfill sequestration for wastes originating in Oregon versus wastes
coming to Oregon from out-of-state. (Oregon exports very little waste for landfilling in other states, but is
a major recipient of waste from Washington.) Ownership of the sequestration benefits for waste originating in
one state but landfilled in another will
need to be resolved between the states.
Resolving the ownership of waste-
related emissions and offsets for waste
crossing state lines will need to address
both sequestration and methane emis-
sions. To put this issue in perspective,
Figure 23 demonstrates the substantial
contribution of out-of-state imports of
waste into Oregon landfills.

Forestry and Land Use: Reasonable
estimates of the size of this sink are not
currently available.  The only data series
currently available for use in this inven-
tory process (from USDA) doesn’t seem
reasonable and creates more confusion
than clarity. Without data from forestry
and land use, however, it is not possible
to create a correct net emissions figure for this inventory.  Therefore, until reasonable data are available, Oregon
will continue to offer only a gross emissions inventory as its official record of greenhouse gas emissions.

1.9 Emissions Associated with Consumption of Materials
The inventory presented here uses protocols established by the United Nations Framework Convention on
Climate Change, the EPA, and regional arrangements among states and provinces made through initiatives such
as the Western Climate Initiative.  As has previously been noted, the current best practice in conducting state
inventories is to utilize a “consumption-based” approach for the use of electricity within a state’s boundary.  In
the future, however, it may be possible to extend these analyses to other sectors besides electricity. Cement, for
example, is one area where future inventories may be able to use a similar “consumption-based” approach.
The consumption of materials is another possibility.

Figure 23:  Imported Waste Impacts on SequesteredCarbon
in Oregon Landfills (Thousand Metric Tons COe)



Appendix 1 – page 14   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

For Oregonians to consume materials, those materials have to be produced. Production may result in
energy, process, transport, agricultural, land change, and/or waste-related emissions. Many of these emis-
sions occur out-of-state, and are not included in this inventory.

At the same time, while emissions from producing materials in Oregon are fully counted in the inventory,
many of these materials are ultimately sold elsewhere. Production-related emissions are included in the
commercial, industrial, agriculture, transportation, and waste sectors in Figures 18 and 19.  Some – but not
all – of these emissions are in fact associated with consumption of materials by Oregonians.

Lack of data makes completing an inventory that accounts for all of the embedded energy in the produc-
tion and consumption of materials highly challenging. There are currently no widely-accepted method-
ologies or protocols for completing such an inventory. Correlating the results of such an approach with
existing inventory protocols is even more difficult.  Advancements in methodologies and data sets for both
life cycle analysis and multiregional input-output modeling offer the potential for more robust analyses in
the future.  For now, it is worth acknowledging the implications of this omission.

1.9.1 Rough Estimate of Consumption-Based Emissions for Materials
Several very rough estimates demonstrate the significance of consumption-based emissions for material
goods. Initial modeling by DEQ in support of the Oregon Strategy for Greenhouse Gas Reductions suggested
that production-related emissions for goods consumed in Oregon in 2004 were roughly 7.1 MMTCO

2
e –

or 11 percent (mostly) “above and beyond” the official inventory. However, this modeling significantly
undercounted emissions, for several reasons.

• Production of several high-intensity materials (including cement and food) were not included in
the model.  By one estimate, the activities associated just with production of livestock products
contribute 18 percent to worldwide anthropogenic greenhouse gas emissions.

• DEQ made the simplifying assumption that all overseas production had emissions intensities comparable to
domestic production. Multiregional input-output modeling now suggests that the embodied emissions
of imports (net, after subtracting exports) add another 15 percent to conventional counts of domestic
emissions. Researchers at Carnegie Mellon University estimate that in 2004, 29 percent of CO

2
 to

satisfy household consumption in the U.S. (across all sectors) occurred abroad, a number that is growing
rapidly as the trade gap widens and imports increasingly come from countries with high carbon intensity.

1.9.2 Implications

• The exclusion of most materials-related emissions tends to mask the significance of waste preven-
tion, recycling, and “sustainable consumption” initiatives that aim to reduce the greenhouse gas
impact of production and consumption of material goods. It also leads to unrealistically low
estimates of the greenhouse gas impacts of all consumption activities in Oregon.

• Imports tend to be produced using less efficient processes and with higher emissions intensities.
As imports increase in quantity, consumption-related emissions are expected to increase at a higher
rate than production-related emissions.

• Policies that cause production to shift overseas may lead to an increase in net emissions. At the
same time, the real increase in emissions associated with such a shift might be masked by an
apparent decline in emissions as reported in the inventory.
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Table 6: 2007 Revision and Update to Oregon Greenhouse Gas Inventory

Consumption-based Gross Emissions in Million Metric Tons of Carbon Dioxide Equivalent (MMTCO2e) for 1990 through 2004

Emissions (MMTCO2e) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000  2001 2002  2003    2004

Carbon Dioxide (CO2)

Direct Combustion

Residential 2.038 2.186 1.896 2.415 2.353 2.220 2.474 2.371 2.460 2.789 2.752 2.765 2.777 2.664 2.584

Commercial 1.880 1.855 1.651 1.797 1.706 1.775 1.891 1.885 1.961 2.027 2.064 2.127 2.053 1.737 1.776

Industrial 5.308 5.513 6.190 6.565 6.501 6.924 6.716 6.662 6.338 7.618 7.068 6.932 7.167 6.474 7.317

Transportation 20.024 21.615 21.630 20.877 21.655 21.236 21.971 22.094 23.083 23.320 22.594 21.596 21.868 21.675 22.798

Electricity Consumption
Residential 5.976 6.197 5.906 7.765 7.656 7.588 7.835 7.836 7.835 8.398 8.470 8.709 8.314 8.562 8.495

Commercial 4.398 4.512 4.592 5.676 5.888 6.000 6.069 6.405 6.403 6.935 7.111 7.372 7.058 7.474 7.394

Industrial 6.022 5.943 5.876 6.982 7.010 7.367 7.719 7.697 6.544 6.560 7.605 6.510 5.824 5.774 5.641

Transportation 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.008

Other (non-specified use) 0.303 0.307 0.298 0.309 0.361 0.313 0.321 0.201 0.185 0.218 0.221 0.239 0.238 0.000 0.000

Industrial Processes
Cement Manufacturing 0.216 0.225 0.228 0.196 0.214 0.207 0.360 0.379 0.399 0.457 0.447 0.429 0.430 0.370 0.422

Lime Manufacturing 0.068 0.091 0.096 0.140 0.147 0.157 0.172 0.156 0.171 0.160 0.145 0.098 0.074 0.077 0.097

Limestone & Dolomite Use 0.009 0.009 0.009 0.009 0.007 0.013 0.006 0.012 0.011 0.013 0.009 0.006 0.008 0.005 0.007

Soda Ash 0.031 0.030 0.031 0.031 0.031 0.032 0.032 0.033 0.033 0.032 0.032 0.032 0.033 0.032 0.032

Ammonia & Urea 0.077 0.076 0.080 0.073 0.077 0.080 0.089 0.080 0.082 0.081 0.074 0.058 0.075 0.066 0.072

Iron & Steel Production 0.704 0.704 0.704 0.704 0.704 0.704 0.704 0.811 0.747 0.640 0.750 0.573 0.440 0.429 0.429

Waste Incineration 0.274 0.274 0.270 0.273 0.320 0.310 0.304 0.297 0.289 0.252 0.267 0.276 0.289 0.222 0.315

Liming of Agricultural Soils 0.030 0.025 0.027 0.029 0.031 0.033 0.035 0.038 0.040 0.042 0.044 0.038 0.033 0.034 0.039

Total Gross CO2 47.358 49.562 49.485 53.841 54.658 54.958 56.699 56.956 56.581 59.542 59.652 57.758 56.680 55.603 57.427

Emissions (MMTCO2e) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000  2001 2002  2003   2004

Methane (CH4)

Stationary Combustion 0.100 0.102 0.097 0.110 0.103 0.103 0.112 0.104 0.095 0.097 0.100 0.138 0.136 0.137 0.144
Mobile Combustion 0.057 0.056 0.057 0.056 0.054 0.052 0.049 0.050 0.048 0.044 0.041 0.038 0.035 0.031 0.031

Natural Gas and Oil Systems 0.576 0.582 0.588 0.595 0.601 0.607 0.614 0.620 0.626 0.633 0.639 0.647 0.654 0.662 0.671

Enteric Fermentation 1.998 2.016 1.999 1.983 2.118 2.211 2.271 2.249 2.200 2.185 2.133 2.020 2.113 2.049 2.203

Manure Management 0.257 0.257 0.266 0.256 0.272 0.276 0.268 0.276 0.281 0.287 0.306 0.313 0.365 0.407 0.409

Burning of Agricultural Crop Waste 0.003 0.003 0.003 0.004 0.003 0.003 0.004 0.004 0.003 0.002 0.003 0.002 0.002 0.003 0.003

Waste in Landfills 1.036 1.041 0.991 0.979 0.961 0.930 0.983 1.039 1.076 1.087 1.119 1.168 1.196 1.257 1.294

Municipal Wastewater 0.191 0.197 0.201 0.206 0.210 0.214 0.218 0.222 0.225 0.228 0.230 0.234 0.236 0.238 0.241

Fruits & Vegetables Wastewater 0.006 0.006 0.006 0.006 0.007 0.007 0.007 0.007 0.006 0.007 0.007 0.007 0.007 0.007 0.007

Red Meat Wastewater 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Poultry Wastewater 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Pulp & Paper Wastewater 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Total CH4 4.229 4.264 4.211 4.199 4.334 4.408 4.530 4.574 4.565 4.574 4.582 4.570 4.748 4.794 5.005
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Nitrous Oxide (N2O) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000  2001 2002  2003    2004

Stationary Combustion 0.108 0.106 0.095 0.096 0.097 0.097 0.105 0.106 0.097 0.095 0.100 0.097 0.086 0.084 0.086

Mobile Combustion 0.516 0.529 0.582 0.617 0.616 0.621 0.619 0.650 0.657 0.631 0.603 0.544 0.509 0.470 0.436

Nitric Acid Production 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Manure Management 0.107 0.108 0.107 0.098 0.085 0.094 0.081 0.084 0.101 0.107 0.119 0.125 0.128 0.146 0.159

Agricultural Soil Management 2.063 1.961 1.908 2.248 1.841 2.082 2.302 2.134 2.231 1.899 1.965 2.008 2.076 2.038 1.987

Burning of Agricultural Crop Waste 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

N2O from Settlement Soils 0.057 0.055 0.057 0.056 0.062 0.061 0.066 0.072 0.071 0.053 0.040 0.058 0.082 0.094 0.090

Waste Incineration 0.023 0.023 0.023 0.023 0.024 0.024 0.026 0.027 0.028 0.028 0.027 0.029 0.030 0.032 0.033

Municipal Wastewater 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Total N2O 2.877 2.785 2.775 3.142 2.728 2.984 3.204 3.078 3.188 2.817 2.858 2.865 2.915 2.867 2.795

Inventory Notes:
Data generated from the EPA State Inventory Tool (SIT) except for electricity consumption (ODOE) and waste (ODEQ).
Zeroes in some columns may mask emissions that are in the hundreds of metric tons and thus don’t show up above.

An emerging consensus is for greenhouse gas inventories to attribute energy emissions to the jurisdiction in which the energy is consumed.  The
Western Regional Air Partnership and the Western Climate Initiative use this convention.  Counting only emissions attributable to in-state power
generation (but not power consumption) is also done in some instances, and is done by the federal government for national data and state-level
reports.  For purposes of comparison those data are below:

1990 1991 1992 1993 1994 1995  1996 1997 1998 1999 2000  2001 2002  2003 2004

Add In-state Electric Generation 1.795 3.610 4.513 4.309 5.453 2.725 3.197 2.700 6.189 6.221 7.339 8.520 6.375 8.048 8.029

Remove Electricity Consumption (16.698) (16.960) (16.671) (20.731) (20.915) (21.267) (21.945) (22.139) (20.967) (22.112) (23.407) (22.830) (21.434) (21.818) (21.538)

Gross Emissions, 40.603 44.242 45.168 45.887 47.451 45.275 47.359 47.052 51.621 53.276 53.211 52.960 51.285 51.589 53.978
Production Basis

Emissions (MMTCO2e) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000  2001 2002  2003 2004

High GWP Gases –
HFC, PFC, and SF6

Ozone-Depleting Substance 0.004 0.007 0.034 0.090 0.179 0.385 0.541 0.696 0.795 0.889 0.986 1.083 1.186 1.289 1.405
Substitutes

Semiconductor Manufacturing 0.291 0.291 0.291 0.364 0.401 0.496 0.551 0.632 0.767 0.836 0.783 0.598 0.628 0.627 0.679

Electric Power Transmission 0.430 0.411 0.402 0.391 0.363 0.331 0.311 0.282 0.223 0.228 0.223 0.204 0.187 0.179 0.175
and Distribution System

Aluminum Production 0.317 0.270 0.128 0.281 0.250 0.256 0.270 0.272 0.279 0.280 0.195 0.191 0.000 0.000 0.000

Total HFC, PFC, and SF6 1.042 0.980 0.855 1.126 1.192 1.468 1.673 1.882 2.064 2.234 2.187 2.076 2.002 2.095 2.260

Gross Emissions, 55.506 57.591 57.327 62.309 62.913 63.817 66.107 66.491 66.399 69.167 69.279 67.270 66.344 65.360 67.487
Consumption Basis
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APPENDIX 2:
INTERIM REPORT OF THE CCIG

Date: January 8, 2007

To: Governor Ted Kulongoski

From: Mark Abbott and Ned Dempsey, Co-Chairs of the Climate Change Integration Group

RE: Interim Report from the Climate Change Integration Group

Oregon, as with every other state and nation, is on the precipice of a major crisis as a result of fundamen-
tal changes in our planet’s environment. Impacts such as reduced mountain snow pack, rising sea levels and
warming temperatures will grow in magnitude. Because steps taken today to address climate change will
take many years to reach full effect, Oregon must act now to reduce its contribution to the problem by
reducing locally generated greenhouse gases. The state must also begin now to prepare for the impacts of
climate change that cannot be prevented. Finally, efforts must begin immediately to help local industries
capture some of the projected $500 billion global market that will emerge in low carbon goods and
services in response to the need to reduce greenhouse gas emissions. This document proposes a suite of
initial actions aimed at helping the state prepare for the coming climate change crisis.

Over the next 50 years, levels of carbon dioxide in the Earth’s atmosphere will likely exceed those experi-
enced on the planet over the last several million years. Most of this increase will result from the burning of
fossil fuels (energy production) as the human population and the global economy expands. An increase in
carbon dioxide in the atmosphere will result in a warmer planet and alterations in global climate.

A warmer planet will result in dramatic changes seriously affecting Oregon and the world. Other states are
moving forward with innovative policies relating to climate change. Oregon must act now to maintain its
livability and to take advantage of the economic opportunities resulting from a carbon constrained
economy. Oregon could lead the nation and the world in developing innovative policies and business
investment models to combat changes in global climate.

In the near future, we will be operating under conditions that have not been experienced by human
civilization before. Given that the carbon dioxide we release today will remain in the atmosphere for
centuries, we must work both to dramatically reduce the amount of carbon dioxide we produce (mitiga-
tion) and to adapt to the changes in our climate (adaptation).

At the recommendation of your Advisory Group on Global Warming, you created the Climate Change Inte-
gration Group (CCIG) to develop a climate change strategy for Oregon that provides long-term sustainability
for the environment, protects public health, considers social equity, creates economic opportunity and expands
public awareness.  The CCIG has representatives from a broad range of stakeholders including: public health,
academia, the business sector, the forest products industry, and environmental advocacy.
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The urgent need for adaptation strategies for Oregon – as well as the goals you set forth for Oregon to
arrest the growth of greenhouse gas emissions by 2010, to reduce the greenhouse gas emissions to 10
percent below 1990 levels by 2020, and to reduce them to levels 75 percent below 1990 emissions by
2050 — have established the framework for our conclusions.

Your charge to the Climate Change Integration Group is to meet the following objectives:

1. Develop a toolbox of options for curbing and coping with climate change. The tool box
includes prioritizing and implementing policy recommendations in the Oregon Strategy for
Greenhouse Gas Reductions; assisting state agencies and other groups to incorporate climate
change into their policies and programs, and making additional policy and program recommen-
dations to achieve the goals of the strategy;

2. Continually assess the sensitivity, adaptive capacity, and vulnerability of natural as well as
human economic and social systems to climate change in Oregon and prepare recommendations
about how the state can become more resilient and prepare for  unavoidable changes;

3. Initiate and support research aimed at identifying management opportunities and
strategies for mitigation and adaptation, in collaboration with the Oregon University System;
and,

4. Educate Oregonians by providing a clearinghouse for sharing information with citizens about
climate change impacts and the opportunities in Oregon to address those impacts in an environ-
mentally and economically sustainable manner.

This document provides the initial recommendations of the CCIG and outlines the group’s proposals
regarding how it will conduct its work in 2007. At the end of 2007, the CCIG will provide a comprehen-
sive report back to you with an in-depth examination of the adaptation, mitigation, public education, and
research components of this group’s work and their relationship to the state’s greenhouse gas strategies.

LEGISLATIVE ACTIONS

The CCIG met five times during 2006 and received presentations from several state agencies, the wine
sector, the ski industry and others describing the potential impacts of climate change on their interests and
the state.  Based on those presentations and the group’s deliberations, the following are proposed as initial
recommendations for near-term action (legislative or otherwise).

• Support legislative adoption by resolution or as part of a broader climate change legislative pack-
age in the 2007 legislative session your previously announced state greenhouse gas reduction goals.
The goals adopted in 2004 by the Oregon Strategy on Greenhouse Gas Reductions may need to be
revisited based on new scientific data.

• Appoint a special committee composed of CCIG members and outside experts every five years,
beginning in 2007, charged by the Governor to evaluate the current understanding of climate
change science relative to the state’s emission reductions goals and make a determination if those
goals should be modified in response to new information.  The schedule should generally be
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coordinated with the release of the Intergovernmental Panel on Climate Change (IPCC)
scientific assessments.

• Permanently establish the Climate Change Integration Group, preferably by legislation, to serve
the needs of Oregonians as climate change becomes an even more pressing issue in the near future
and provide the means for funding expenses of the CCIG in a manner similar to other state
advisory bodies to allow for a diverse geographic representation at meetings and events.

• Dedicate funding to establish a climate change research center for research (environment, public health,
economic, etc.) through the Oregon University System, focusing on both adaptation and mitigation
strategies for both natural and human ecosystems in response to climate change in Oregon.

• Dedicate funding to establish an ongoing education, communication and outreach program on
climate change.  This is vital to assure that investments in research and policy measures will be
translated into on-the-ground results.

• Establish and fund a program of technical assistance to assist local governments to devise climate
change action plans including policy, practices, and programs specific to the concerns of Oregon
communities.

• Establish an ongoing tracking system to report on progress in achieving climate change goals,
including the establishment of an easily comprehensible graphical reporting format.

• Direct the Department of Administrative Services to coordinate with the CCIG on the state
agency greenhouse gas inventory process you established by executive order for  creating a green-
house gas tracking and reporting mechanisms within state agencies.

• Direct relevant state agencies, including DAS, DOE, DEQ, and ODOT to establish an interagency
climate change team, and direct those agencies to prepare a progress report on mitigation measures
undertaken as part of the Oregon Strategy for Greenhouse Gas Reductions on a biannual basis. In
addition, a brief, graphical summary of progress should be made available on-line at an appropriate
location on the Oregon Department of Energy’s web page and on the Sustainableoregon.net web page.

• Encourage a non-governmental organization to develop and publicize a catalog of voluntary
mitigation actions being taken by Oregon corporations and organizations.

• Continue efforts to develop a regional dialogue with other western states on greenhouse gas
reduction strategies.

• Identify opportunities to work with federal agencies and Oregon’s congressional delegation on
climate change programs and national climate change policy development.

• Conduct an updated and more thorough assessment of the economic impacts of climate change in
Oregon.  The impact of the recent “Stern Report” in the United Kingdom demonstrates the
momentum that can be built from pragmatic economic-focused research.

• Support research that contributes to the work of the Carbon Allocation Task Force by investigating
the macroeconomic effects of Oregon’s carbon policy, with a particular focus on unintended
policy consequences — such as the transfer of carbon-intensive activities across state borders —
that may result from inappropriate policy choices.

• Direct the Department of Human Services (DHS) to coordinate the development of a report on
the public health effects of climate change in Oregon, including recommendations for proactive
public health measures and further research.
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WORK PLAN FOR 2007

The Climate Change Integration Group has set the following goals for its work in 2007 to prepare the
group for its full report to the Governor due at the end of 2007:

• Develop specific recommendations for climate change adaptation strategies, processes, and policies
for government agencies, private industry, and the general public.

• Evaluate and propose economic development strategies for expanding the local production and
sales of low-carbon goods and services.

• Develop an education and communication strategy on climate change in Oregon to build public
will to make the necessary changes to mitigate climate change and adapt to its effects. Create
material to support the Oregon Strategy for Greenhouse Gas Reductions suitable for broad-based
dissemination and targeted audiences.

• Hold a workshop of climate change experts in early 2007 to fulfill four primary goals: to update
the understanding of economic, social, health and ecological climate change impacts on Oregon;
to develop a series of socioeconomic scenarios involving key sectors of Oregon’s economy; to
address key mitigation measures; and to raise awareness among Oregonians about the challenges
and opportunities presented by climate change.

• Create a state website on climate change in Oregon that will be a clearinghouse of climate change
information and also link to resources and other websites.

• Develop suggestions for a research agenda on climate change for the Oregon University System
and, to a lesser degree, for state agencies and the private sector.

• Develop and implement a measurement and monitoring system for the Oregon Strategy for
Greenhouse Gas Reductions.

• Evaluate the Oregon Strategy for Greenhouse Gas Reductions and propose additional measures for
reducing greenhouse gasses necessary to achieve the state’s greenhouse gas reduction goals
(towards the latter half of 2007).

CONCLUSION

Your actions in creating the Oregon Strategy for Greenhouse Gas Reductions established Oregon as one of
leaders in mitigating the impacts of climate change. Your establishment of the CCIG has now expanded
these efforts to include the development of adaptation strategies as part of a comprehensive portfolio for
Oregon. The urgency of these efforts cannot be overemphasized. There are both opportunities and risks,
but our continued prosperity as well as our heritage of environmental stewardship demand that we begin
now. We cannot simply wait for an uncertain future to make itself manifest. Our grandchildren will see a
planet that is far different than the one we have experienced. We owe it to them to begin the journey now.
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APPENDIX 3:  PROGRESS OF CCIG RELATIVE TO

GOALS SET OUT IN CCIG INTERIM REPORT

This is a brief look at the CCIG Interim Report that was submitted at the end of last year and what
actions were completed through passage of HB 3543 or have otherwise been addressed.

 ✓ Completed, addressed, or completed in this final report.
 ? Events have transpired such that the item may no longer be relevant.
— Not completed, not funded, or insufficient resources to complete.

LEGISLATIVE ITEMS

✓ Support legislative adoption in the 2007 legislative session and
the state greenhouse gas reduction goals.

? Appoint a special committee to evaluate the current understanding
of climate change science relative to the state’s emission reduction
goals, and possibly suggest changes.

✓ Permanently establish the Climate Change Integration Group,
preferably by legislation…

— and provide the means for funding expenses of the CCIG in a
manner similar to other state advisory bodies.

✓ Dedicate funding to establish a climate change research center for
research through the Oregon University System.

— Dedicate funding to establish an ongoing education,
communication and outreach program

— Establish and fund a program of technical assistance to assist local governments
to devise climate change action plans including policy, practices,
and programs.

✓ Establish an ongoing tracking system to report on progress in
achieving climate change goals.

? Direct the Department of Administrative Services to coordinate
with the CCIG on the state agency greenhouse gas inventory process

✓ Direct state agencies to establish an interagency climate change team,
and direct those agencies to prepare a progress report on mitigation
measures.

— Encourage a non-governmental organization to develop and
publicize a catalog of voluntary mitigation actions being taken by
Oregon corporations and organizations.

Completed with passage of
HB 3543.

Codification of goals in law
makes changing them ex-
tremely difficult.

HB 3543 creates Global
Warming Commission.

No additional funding
provided.

$180,000 allocated in HB
3543 as seed money.

No funding allocated.

No funding allocated.

Required reporting to Global
Warming Commission.

State agency inventory report
already completed by DAS.

Global Warming Commission
seems to have this authority
and agency heads on GWC
comprise de facto interagency
climate change team.

This is one of the roles that
the Climate Registry may
end up playing in Oregon.
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 ✓ Continue efforts to develop a regional dialogue with other western
states on greenhouse gas reduction strategies.

 ✓ Identify opportunities to work with federal agencies and Oregon’s
congressional delegation on national climate change policy development.

— Conduct an updated and more thorough assessment of the economic
impacts of climate change in Oregon.

— Support research that contributes to the work of the Carbon
Allocation Task Force by investigating the macroeconomic effects of
Oregon’s carbon policy

— Direct the Department of Human Services (DHS) to coordinate the
development of a report on the public health effects of climate
change in Oregon.

WORK PLAN ITEMS

 ✓ Develop specific recommendations for climate change adaptation
strategies, processes, and policies for government agencies,
private industry, and the general public.

— Evaluate and propose economic development strategies for expanding
the local production and sales of low-carbon goods and services.

 ✓ Develop an education and communication strategy on climate change
in Oregon.

— Create material to support the Oregon Strategy for Greenhouse Gas
Reductions suitable for broad-based dissemination and targeted
audiences.

— Hold a workshop of climate change experts in early 2007.

 ✓ Create a state website on climate change in Oregon that will be a
clearinghouse of climate change information.

 ✓ Develop suggestions for a research agenda on climate change for the
Oregon University System and…

— to a lesser degree, for state agencies and the private sector.

 ✓ Develop and implement a measurement and monitoring system for
the mitigation measures in the Oregon Strategy.

 ✓ Evaluate the Oregon Strategy and propose additional measures for
reducing greenhouse gas emissions.

Fulfilled by Oregon’s role in
Western Climate Initiative (WCI).

Ongoing

No funding allocated.

Necessary for WCI work, but
no funding currently exists.

Presumably could be addressed
by Global Warming Commis-
sion authority.

Addressed by CCIG final
report to some degree.

Not addressed by CCIG to
date, although not in the
charter of the CCIG.

Included as chapter in CCIG
final report.

ODOE applied to US EPA for
grant to fund materials, but that
grant was not funded.

Initial proposal for OSU-led
workshop failed to advance.
Due to lack of resources,
workshop didn’t take place.

New climate change web
portal and climate change
listserv substantially complete.

Addressed in CCIG final
report.

Not addressed.

Mitigation chapter includes
status report on measures.

Transport-related items
included in CCIG final
report. No additional items
added.
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APPENDIX 4:  STATUS OF DEFERRED MEASURES

FROM 2004 GLOBAL WARMING ADVISORY GROUP

The Governor’s Advisory Group on Global Warming considered a wide range of potential actions to address
climate change. The deferred actions listed below were not included in the 2004 report to the Governor, Oregon
Strategy for Greenhouse Gas Reductions, because they required further evaluation or development. The numbers
assigned to the Deferred Measures are unique to this list.

The numbers for measures included in the Recommended Actions list in the 2004 report are
unique to that report and do not correspond to those listed below.

ENERGY EFFICIENCT MEASURES DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

EE-5 Adopt OR goal of NWPPC 1.32 Potentially cost SB 838 authorizes expenditures for energy
efficiency target plus 20% effective under efficiency measures by PGE andPacifiCorp.

cap-and-trade Regulated by the Oregon Public Utility
Commission (OPUC).

EE-7 Advocate with BPA & Oregon Included Not Initially BPA and Oregon electric consumer owned
COUs to meet NWPPC in EE 5 utilities (COUs) have been working on
Goal +20% new 20-year power-sale contracts. These

contracts will likely place the responsibility
for meeting load growth on the COUs. This
will provide better incentives for Oregon
COUs to actively pursue energy efficiency
and renewable generation, as their alternative
would be wholesale power at market prices.

BASE BASE CASE (NWPCC) [Included Is cost-effective SB 838 extends the Public Purpose
EE-10 Funding beyond ETO’s current in base case Charge, source of funding for ETO,

2012 sunset date (EE1)] through 2025.

EE-17 Inter-generational state bonding Current program has flexibility. No statutory
to finance EE programs and changes needed. Term length and total
investments. bonding limit have never been binding
Expand SELP bonding limits, constraints on loan program. Concern/
extend terms of loans intent unclear.

EE-18 Advocate for inter-generational State advises and advocates for sound
federal bonding to finance EE federal legislation.
programs/investments

EE-19 Transmission/Distribution Net metering rules adopted by OPUC.
System efficiencies Line losses are being considered in the

Western Climate Initiative (WCI) proceedings.
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EE-20 “Smaller Houses” initiative No action

EE-21 Allow regulated utilities to SB 838 authorizes expenditures for energy
invest in (and earn a return on) efficiency measures by PGE and
customer energy efficiency PacifiCorp. Regulated by the Oregon
measures, SB 1149 Public Utility Commission (OPUC).
notwithstanding

GENERATION MEASURES DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

Gen 3 Gen 3A: State Renewable 2.78 Potential near- SB 838 requires
Portfolio Standard (new 6.96 term rate 1) Utilities servicing at least 3% of Oregon’s
renewable content) increases offset electrical load to meet 25% from renewables
  • 15% of 2025 load by long-term by 2025. Interim targets: 5% by 2011, 15%
  • 25% of 2025 load cost-effective by 2015, and 20% by 2020. 2) Utilities

power supplies, serving less than 1.5% must meet 5%
price stability, from renewables by 2025. 3) Utilities
other benefits; serving between 1.5% and 3% must meet
15% likely 10% by 2025. SB 812 includes PUD
feasible; 25%  statute changes.
maybe not.

Gen 3 Gen 3C: For Oregon IOU’s, 2.35 Little early SB 838 has cost cap to limit cost impacts.
insulate ratepayers from cost risks impact on rates, OPUC proceeding UM1302 will conclude
associated with potential future later impact in early 2008.
carbon regulation affecting new depends on
resource acquisitions. CO2 regs.

Gen 5 Advocate with OPUC to insu- 2.35 Little early See Gen 3C above.
late IOU ratepayers from cost impact on rates;
risks associated with potential later impact
future carbon regulation. depends on CO2

regulations

Gen 6 State Carbon Tax on CO2 depends Major costs Not yet ready for consideration. Western
content of electricity, natural gas on level increases. Major Climate Initiative (WCI) is examining
and stationary oil use competitiveness multi-sector cap-and-trade. WCI partners

issues for Oregon will release design recommendations for a re-
businesses. gional cap-and-trade program in August 2008.

Gen 9 Major/intergenerational state Current program has flexibility. Concern/
bonding to finance renewable intent unclear.
programs and transmission
investments
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Gen 10 State funds for Pacific Northwest Scale Fiscal Impacts SB 581 provides support for industry
regional “incubator” to demon- depends on development through production incentives
strate promising technologies, e.g.: level of and infrastructure and permitting processes
  • Generation other for research and development of ocean wave
  • Transmission efficiencies West Coast energy for $5.2 million.
  • Controls States funds
  • Integration services
  • Resource (e.g. wind) evaluation
  • Distributed Generation

Gen 12 Nuclear Power Relies on tech- Not allowable under Oregon law.
nology advances
not presently
available com-
mercially. Security
costs and risks of
plutonium-reliant
technology are
potentially severe.

Gen 13 Create an Oregon GHG 2.78 Increased costs in Oregon DEQ advisory committee is convened.
Registry (or collaborate with an 6.96 rates. 15% likely Rulemaking in early 2008. Oregon jointed
existing registry) to enable feasible; 25%  The Climate Registry
mandatory reporting of GHG maybe not.
emissions by utilities and major
commercial emitters. If Oregon
proceeded with this measure,
linking it to cap-and-trade
regime (such as that proposed
in Measure Gen 3B)

Gen 14 If a Carbon Content or similar WCT process will consider measures to
constraint is adopted, consider mitigate impacts to low income consumers
whether additional low-income
assistance may be appropriate to
help manage front-loaded costs
of compliance

Gen 15 ODOE should work with BPA No NW RTO has been formed.
and other PNW states, and a Transmission losses will be considered as
Regional Transmission Organi- part of effort.
zation (RTO) if appropriate, to
seek WCI transmission loss
reductions of + 50% by
2014 [Foley]

Gen 16 Create Distributed Generation PGE has a program that uses 50 MW
resource chain by cleaning up of standby diesel generation as a peaking
and linking together operationally resource.
the diesel genets currently in
place and used as backup power
sources
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TRANSPORTATION MEASURES DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

TRAN 16 Grow I-5 Corridor West TBD Technically No additional monies appropriated by the
Coast High-Speed Rail feasible, but legislature for additional service since
Service with more frequent significant costs 2004. Currently have 2 roundtrip trains
and convenient service for train(s) and 2 roundtrip buses. Oregon Rail Plan

(2001) calls for 5 or 6 roundtrip trains by
now. Two significant developments: 1) In
2007 session, the Legislature authorized $2
million for a multimodal transportation
study – raised through Connect Oregon II
program fees; 2) The 2007 Legislature
established the Passenger Rail Transportation
Account to be funded by customized
registration plate fees (enough for 1 of 2
trains – the other one is funded from general
fund). One roundtrip train costs about $5
million to operate per biennium. In general,
buses now pay for themselves. What is
needed: 1) Dedicated funding streams to pay
for operation of up to 6 roundtrip trains, and
2) Capital improvement money to buy new
trains and some line capacity improvements.

TRAN 17 Create Transportation emissions Unknown Demonstration The Western Climate Initiative
GHG “cap & trade” within models are being (www.westernclimateinitiative.org) is
PDX “bubble” (Other analyzed on East designing a market-based mechanism to
“bubbles”?) or include Trans- Coast - TBD help achieve the adopted reduction goal of
portation GHG emissions 15% below 2005 levels by 2020 (to be
within a larger cap&trade complete by August 2008). The WCI is
mechanism if available considering including transportation sources

in this mechanism.

TRAN 18 State Bonding to Finance Unknown Unknown Unclear. No action.
Efficient Transportation
Infrastructure

TRAN 19 Port of Portland and other Small Technically No action
Oregon airports with common feasible, low cost,
carrier service negotiate PDX has begun
agreement with airlines serving this effort already.
PDX to establish and meet
ground-use fuel efficiency
goal (e.g., reduced idling).

TRAN 20 Develop and adopt new GHG Medium Technically Addressed in 2007 Climate Change
Goal for Oregon’s Land Use law to Large feasible and Integration Group report

should be
cost-effective in
long run
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TRAN 21 Set and meet goals for Small Technical and cost No report
reduced diesel consumption by difficulties loom
ships in port (shore power) large, may preclude

early action here
absent broader
federal or global
attention to this
GHG source.

TRAN 22 Convert Tri-Met, other bus Small Feasible subject Tri-Met:  B5, electric light rail
transit fleets to hybrid or to availability of Cherriots (Salem-Keizer):  35 B20, 45 more
equivalent Low Emissions vehicles from compressed natural gas 14 EPA 2007 specs
technology manufacturers clean diesel on order

Corvallis Transit:  All B20
Lane Transit District:  Testing B15 with
10 of 115 buses
Umpqua Transit: (Roseburg) Problems
with biodiesel for 13 older buses. Re-
sumed diesel use.
Rogue Valley: 15 compressed nat. gas, 8 diesel

MATERIALS MEASURES DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

MW 2 Provide grants to increase edible 0.0036,9 Feasible. Costs No new initiatives from DEQ. However,
edible food rescue (waste would be about DEQ continues to support edible food
prevention/reuse); and, if $4 million in rescue operations through its solid waste
feasible, provide incentives to grants over reduction grants program. Six grants for
capture multiple benefits 20 years.10 edible food rescue totaling $181,000 were

awarded in 2004-2007. Oregon Food Bank
Network and other organizations are expan-
ding food rescue using private donations.

MW 5 Provide incentives to stimulate 0.02111 Feasible. Costs Business Energy Tax Credits and a state
development of agricultural are unknown, Energy Loan through ODOE enabled
plastics recovery/recycling but potentially Agri-Plas (Marion County) to expand
infrastructure, and stimulate in the range of its plastics recycling business. No new
market demand. Determine if $500,000/year. action by DEQ.
collaboration with WA, CA
will stimulate market.

MW 6 Require construction & 0.036 Feasible, but Metro Council in August 2007 adopted
demolition debris loads sorting highly dependent an ordinance requiring conformance
prior to disposal: Metro, Lane on strong market to new guidelines by disposal facilities
& Marion wastesheds only demand for accepting dry waste originating from the

recyclables as well Metro region. No more than 15% of waste
as energy recovery. sent to disposal can be pieces of wood, card-
Costs are board, or scrap metal above certain sizes.
unknown. No requirements in Lane or Marion counties.
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MW 7 Require all dry waste loads to 0.02212 Feasible, but highly See MW-6, above. Metro’s ordinance only
be sorted prior to disposal: dependent on targets construction/demolition wastes,
(Metro wasteshed only) strong market not other dry wastes. No other action.

demand for
recyclables as well
as energy recovery.
Costs are unknown

MW 8 Require businesses in certain 0.26 Feasible. Costs are In progress. In November 2007 Metro
areas to recycle specific materials unknown, but Council directed staff to draft an ordinance

likely cost increases mandating business recycling. No mandates
in some areas. elsewhere.

MW 9 Ban disposal of recyclable paper 0.33 Feasible, but costs No action
are unknown.

MW 14 Mandatory recovery of food 0.116,13 Feasible, cost to No action
wastes from larger businesses in local governments
Metro, Lane, and Marion (and DEQ) are
wastesheds unknown.

MW 15 Implement combined residential 0.0096,13 Feasible. Portland City Council adopted the Portland
food & yard debris collection and Costs are unknown. Recycles! Plan in August 2007. The Plan
composting in cities with greater calls for weekly collection of combined
than 10,000 population in Metro, residential food and yard debris in carts.
Lane, and Marion wastesheds The City hopes to implement this change

in 2009 (contingent on a local composting
facility being sited). Some other cities are
considering a similar change.

BIOLOGICAL SEQUESTRATION DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

 Bio-Seq 2 Straw as Biomass Energy for 0.0 MMT Power generation Straw residue from grass seed production is
Willamette Valley Grass Seed per year on a farm conversion eligible for incentives under HB2210. ODA,
Production Systems scale is technically ODOE and Seed Growers Association

feasible and avoids completed an assessment in Fall 07 of
inefficient delivery annual volumes by variety. Working with
of electricity to farms. 3 potential cellulosic ethanol developers.

Investment costs in
the development/
application of
on-site farm con-
version (straw to
energy) technology.



A Framework for Addressing Rapid Climate Change   |   Appendix 4 – page 7

Bio-Seq 6 Adopt Policies and Programs 1.7 MMT Some risk in the This measure was based on work
to Place Greater Emphasis on per year degree of success conducted for the Willamette River Basin
Conservation and Restoration in restoring forest Planning Atlas. The idea has its roots in the
of River Floodplain and habitats due to Willamette Initiative.  In general, the
Natural Habitats in the technical problems. Willamette River Partnership is working
Willamette River Basin in this regard. The Partnership is active in

Opportunity costs developing water quality trading programs
from development and markets for other ecosystem services
forgone higher designed to result in implementing
than for Bio 5 projects consistent with this measure.
Measure (Retain
Land Use Controls).
Direct costs include
cost of forest
restoration and
management and
the cost of com-
pensating land-
owners for increased
conservation of
floodplain and other
natural habitats.

GOVERNMENT OPERATIONS MEASURES DEFERRED

Measures GHG Savings Technical Status
MMT CO2 in Feasibility and
2025 Cost Impacts

GOV/ Oregon’s Investment Council No action
OM 10 should add investment criteria

that will employ investment
capital (e.g., PERS) to assist in
meeting Oregon’s GHG goals.

GOV/ Oregon should establish a No action
OM 11 $/Ton “externality” adder

for all state contracts
(i.e., require a CO

2
 impact

calculation for all such
contracts)
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APPENDIX 5:  PRINCIPLES FROM 2004 OREGON

STRATEGY FOR GREENHOUSE GAS REDUCTIONS

The Advisory Group began with the following principles to guide the selection of goals and actions to
reduce Oregon’s greenhouse gas emissions:

A. Oregon’s greenhouse gas reduction goals and solutions must be meaningful, firmly grounded in
science, and lead to effective reductions in Oregon’s greenhouse gas emissions, commensurate with
the state’s share of the larger global problem.

B. Oregon should first begin with the most cost-effective solutions.

C. To the fullest extent possible, Oregon’s actions should be designed to serve both the long-term
economic well-being of the state and the goal of climate stabilization.

D. Recognizing that there are always tradeoffs between a long-term investment strategy and near-term
costs and cash flow, the Advisory Group believes Oregon can and should be a leader – but the State
can’t get so far ahead that Oregon’s businesses are not competitive in the short term. The State will
need some safety valves to relieve short-term competitive pressures if others aren’t living up to their
responsibilities along with Oregon.

E. Oregon creates long-term economic well-being with an “investment strategy” that buys efficiency
savings, new technologies, energy price stability and a competitive edge in marketing – and profiting
from – the tools developed and the lessons learned.

F. Oregon will take no actions that impair energy reliability.

G. Oregon will look for ways to support innovation, especially if it leads to marketable products
and services.

H. Oregon will partner with other states, Canadian provinces, tribal nations and other nations, where
doing so will enhance the effectiveness of state-level actions and their co-benefits for Oregonians.

I. Reducing the state’s greenhouse gas emissions won’t eliminate the need to adapt to the warming
climate that will result from changes already fixed in the atmosphere. Oregon must next develop an
adaptation strategy.

J. Oregon is committed to equity in allocating both costs and benefits of this enterprise.

Excerpted from pages 7 and 8 of Oregon Strategy for Greenhouse Gas Reductions.
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APPENDIX 6:  AN INFORMAL SURVEY OF COASTAL

LOCAL GOVERNMENT OFFICIALS ON NEEDS

RELATED TO CLIMATE CHANGE

At a workshop on climate change conducted on October 25, 2007 for local government officials in
Oregon’s coastal jurisdictions, the Oregon Coastal Management Program conducted an informal survey.
Workshop participants were asked to respond to a single open-ended question:

What do cities and counties need fr om state and federal agencies r elated to climate change?

The survey resulted in 43 responses. Analysis of the responses shows that they can be separated into several
categories. Some responses are in the form of a question or concern, but the rest indicate a specific need
for some kind of state or federal agency action. The categories of local government needs apparent in the
survey responses are defined and interpreted as follows:

Data and information: Data and/or information to better understand or predict the likely effects of
climate change on coastal communities are needed.

Guidance: Materials to assess or improve local governments’ ability to respond to the effects of
climate change are needed.

Leadership: Political leadership to support local initiatives is needed.

Funding: Funding to assess vulnerability, develop adaptation plans, or to implement adaptation
measures.

Outreach: Informational materials for the general public and elected officials about climate change
and the need for action are needed.

Infrastructure: Structural measures are needed to mitigate the effects of climate change on coastal
communities.

Question or concern: Survey response is a question or concern; no specific need was noted. Each
response stated in the form of a question or concern has also been interpreted as falling within
one of the other categories.

Although the question was not explicitly asked, and the responses do not specifically indicate such, in
general, the survey responses reveal that most of those attending the workshop believe that global climate
change is real, and that the effects of climate change will require some action on the part of local govern-
ment. In numerical terms, the survey responses were as follows:

➔ Half of the responses (21) indicate a need for data and information; many of these responses
specify a need for information about the effects of climate change at the community or water-
shed scale.

➔ Nearly one quarter (9) of the responses highlight the need for outreach efforts and/or materials.



Appendix 6 – page 2   |   The Governor’s Climate Change Integration Group: Final Report to the Governor

➔ One tenth (4) of the responses indicate a need for guidance materials on preparing for the effects of
climate change.

➔ Another one tenth (4) indicate a need for funding to plan for or implement response measures.

➔ Three responses call for state-level leadership.

➔ Two responses indicate a need for infrastructure to protect coastal communities from the effects of
climate change.

Table 7 lists all the survey responses and the categories into which each response was placed.

Workshop participants were also encouraged to write down questions during the workshop presentations, so
follow-up information could be provided in the event there wasn’t time at the workshop for doing so. Three
questions were submitted, but were not raised during the workshop:

What changes in the Earth as a whole do we see which may make reference to the past a poor predictor
of the future?

Are trends in Oregon climate different than trends in other parts of the world, or Earth as a whole?

What was the maximum stand in sea level during past inter-glacial periods compared with today?

Table 7: Responses to the question “What do cities and counties need from state and federal agencies
related to climate change?”, and categories of responses

Survey response

What will over building do to the X X
coast line?

How would you stop PUDs (lots of X
homes/planned unit developments)
going in along the coast?

Regional or community-specific information X
regarding effects of global warming/
climate change

Recommended course(s) of action to X
mitigate effects of sea level rise and other
climate change concerns

Grant programs to prepare community X
plans to address climate change.

Want to know the possible scenarios that X
might result from climate change.

Access to the latest climate change scientific X
data and how the Oregon Coast may
be affected.

Technical support to help determine how X
the ocean levels will change — which properties
will be hit the most.
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What direction of tech [standards] can we add X
to our code to help? Roof top gardens –
more trees?

Impact of climate change on coast X

What/how will climate change impact X
sea level/flood elevations/coastal erosion?

What are the changes in ocean X
temperature expected to be?

Effects on water resources X

Effects on weather and ocean impacts X

Effect on energy resources X

In general — what are all the possible impacts? X

Estimates of beach narrowing. X

Effects of shoreline armoring in regards to X
sea level change

Concern: Changes in frequency and intensity X X
of storms and the effect that has on design
standards and other aspects of planning.

Concern: Changes in ocean conditions X X
causing changes in productivity and
species composition.

Concern: Sea level rise, changes in rainfall X X
altering salinity and other aspects of
estuarine habitat.

Concern: Change in climate may introduce X X
new diseases and pests to the area.

Will local governments need to change zoning X X
codes to address effects of climate change —
e.g., larger setbacks from ocean resources?

An informational brochure for the public and X
educational information for decision-makers
would be helpful to inform communities about
effects of climate change.

White paper explaining that climate projections X
are based on modeling, and expressed by
bureaucrats on IPCC, are nowhere close to a
scientific consensus and that even if close to
useful would take centuries to occur.

Also that south coast is rising, due to X
tectonics, faster than rise of sea level.

Simplified scientific data to explain to the X X
public the necessity to take action on this topic.

Educational component in the school system. X
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What is the level of confidence around the X X
estimates of possible sea level change and
air temperature changes?

Effect communication with the press and X
public regarding how much impact is due
to “man” and how much is normal
processes — if possible.

Concerted political action. X

Direct state actions to reduce greenhouse gasses. X

Financial assistance to local governments X
to prepare and implement plans to reduce
greenhouse gasses.

High priority for public education efforts. X

Funding to do local assessments of vulner-
ability of infrastructure — sewer, especially. X

Stormwater overflow during flooding X X
from rains.

Tsunami alert — timeframe for evacuation. X X

Structural protections from gales. X

Levee reinforcements. X

Grants to apply for additional support to make plans. X

Unified message. X X
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APPENDIX 7: CHARTER OF THE CCIG

GOVERNOR’S CLIMATE CHANGE INTEGRATION GROUP

CHARTER
May 5, 2006

1. BACKGROUND

Governor Kulongoski has committed Oregon to reducing its greenhouse gas emissions in cooperation
with the governors of California and Washington through the West Coast Governors’ Global Warming
Initiative. He established the Governor’s Advisory Group on Global Warming in 2004 to develop a state
strategy to complement the regional effort.

The Advisory Group issued its recommendations to the Governor in the Oregon Strategy for Greenhouse
Gas Reductions (2004).  The Oregon Strategy demonstrates that the means to reduce greenhouse gases are at
hand or within technological reach and could be achieved through investments that can generate net
economic returns over time and that can help Oregon businesses to stay competitive in a world moving to
greenhouse gas limits.

The Governor’s Advisory Group recommended a suite of policies and measures to reduce Oregon’s
greenhouse gas emissions and recommended goals to guide their implementation. Governor Kulongoski
endorsed the goals and the key recommendations of the Advisory Group.53  The Governor has taken
significant actions to implement the recommendations, including (1) adopting the report’s proposed
carbon reduction goals (arrest increases by 2010; reduce emissions to 10 percent below 1990 levels by
2020; and reduce emissions to 75 percent below 1990 levels by 2050); (2) signing into law new appliance
efficiency standards; (3) working with the Environmental Quality Commission to adopt greenhouse gas
emission standards for vehicles; and (4) creating a task force for designing a carbon allocation standard for
greenhouse gas emissions from electricity use and other sectors.  There are numerous other actions that are
also underway to implement the recommendations.

The Governor is now establishing the Climate Change Integration Group to continue and expand on the
work of the Advisory Group.  The Governor’s charge to the Climate Change Integration Group is: “to
develop a climate change strategy for Oregon that provides long-term sustainability for the environment,
protect public health, consider social equity, create economic opportunity and expand public awareness.”

53 See “Environmental Principles and Priorities:  Global Warming and Energy” at www.governor.oregon.gov/Gov/GNRO/
global_warming_energy.shtml
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Oregon’s strategy is first based on science.  Almost all scientists with the relevant expertise now believe
that the Earth is warming, that humans are affecting climate, and that continued unchecked climate
change will seriously affect the quality of life of people everywhere.  The international group of thousands
of scientists with expertise in climate matters, the Intergovernmental Panel on Climate Change, or IPCC,
issues a periodic report that summarizes what is known about climate change. In its 1995 Second Assess-
ment Report, the IPCC concluded:  “the balance of evidence suggests that there is a discernible human
influence on global climate.”  In 2001, the IPCC’s Third Assessment Report concluded, “There is new and
stronger evidence that most of the warming observed over the last 50 years is attributable to human
activities.”  The upward trajectory of average global temperatures continues, with nine of the 10 hottest
years in the last 150 having occurred in the last 10 years (1996-2005).  The findings of the IPCC have
been endorsed by every credible independent assessment conducted by reputable scientists, including in
2001 by the U.S. National Academy of Sciences.54

In 2004 a group of scientists from the Pacific Northwest convened at Oregon State University to review
evidence for climate changes in our region and to evaluate the likely impacts of further changes.  They
shared their findings through a “Scientific Consensus Statement on the Likely Impacts of Climate Change
on the Pacific Northwest.”55  That document, signed by 50 Ph.D. scientists, “agree that climate change is
underway and that it is having global effects as well as impacts in the Pacific Northwest region.”  The
document summarizes climate change impacts that have been documented over the last few decades:

• The Pacific Northwest is warming.

• Average annual precipitation has increased.

• Land on the central and northern Oregon coast is being submerged by rising sea level.

• Snow pack has declined.

The report also makes a number of predictions about likely changes over the next 10 to 50 years:

• The Pacific Northwest will continue to warm, perhaps by as much as 3º to 6º F over the next 40 years;

• There will be more summer drought;

• Forests will be more vulnerable to insects, disease and fire;

• Snow pack will continue to diminish;

• Water resource conflicts will likely increase;

• Precipitation changes are too uncertain to call;

• Sea level will continue to rise;

• Peak stream flows will occur earlier in the season;

• Ocean circulation will continue to change, with increased upwelling a possible result. It is uncer-
tain whether these changes will have adverse impacts such as a recurrence of the low-oxygen
(“dead zone”) events seen in 2002 and 2004; and,

• There will be more frequent and harmful floods and coastal erosion.

54 Climate Change Science: An Analysis of Some Key Questions; National Research Council, 2001, National Academy Press.  See http://
www.nap.edu/catalog/10139.html
55  http://egov.oregon.gov/ENERGY/GBLWRM/docs/Global-AppendixC.pdf
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The strategy also recognizes that climate change is affecting the economy of Oregon and that these
economic consequences will expand as warming increases. In 2005, more than 50 economists from across
the Northwest and most of Oregon’s major colleges and universities released a report, “The Economic
Consequences of Climate Change in Oregon.”56 The report warns that global warming poses an immi-
nent threat to Oregon’s $121 billion economy.  The report assesses how temperature increases, rising sea
levels, and altered precipitation patterns will directly impact Oregon’s agricultural, forestry, tourism, and
hydroelectric industries. These four sectors alone account for at least 25 percent of Oregon’s economy.
The economists note that the impacts of this warming on Oregon resources and economy have no prece-
dent in the state’s history.

Acknowledging that efforts to date are preliminary, the economists agreed that available evidence supports
the following eight propositions:

1)   Rising average temperatures due to global warming will impose economic costs on many
Oregonians in the near term, primarily due to lower river flows and restricted supplies of water
associated with the loss of mountain snow pack and earlier snowmelt.

2) In the longer term, but within this century, these and other costs are likely to increase as negative
effects of rising temperatures and rising sea levels on water supplies, beach loss and coastal
infrastructure, agricultural crop production, and forests, fisheries, and other resources become
more pronounced.

3) Rising average temperatures also increase the risk of certain catastrophic events that can affect
Oregon.

4) Many of the projected changes to Oregon’s environment and natural resources (e.g., large
reductions in summer water supplies, loss of mountain snow, beach inundation, and changes
in regional ecosystems) are likely to have negative effects on Oregonians’ jobs, incomes, and
quality of life.

5) An insurance approach – spending now to protect against potentially large future costs with an
unknown probability generated by climate change – can be a prudent way to protect against
both the risks themselves and the future costs of reducing those risks, which are expected to
increase the longer action is delayed.

6) “Insurance premiums” against climate change risks include reasonable measures to reduce
greenhouse gas emissions, to displace fossil energy use through improved efficiency and local
non-carbon polluting energy sources, and to encourage in-state investment in renewable energy
technologies and energy efficiency.

7) Such an insurance approach at the state level has the greatest chance of success if undertaken in
conjunction with similar efforts by other states and regions.

8) Supporting the development of industries associated with the clean and renewable energy
sectors may lay a foundation for job and income growth in Oregon and demonstrate leadership
that benefits the state’s economy and well-being.

56  http://ri.uoregon.edu/programs/GWS/climate_change_oregon.html
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There are also opportunities for Oregon to develop new businesses and take advantage of opportunities
provided by climate change.  New technologies for monitoring and predicting environmental change and
delivering knowledge services are becoming important economic engines and Oregon can capture a
significant portion of this economic opportunity by providing leadership in combating global warming.
Developing renewable sources and increasing energy efficiency as well as growing related technology and
manufacturing are also key opportunities for economic development.

2. PURPOSES

The work of the Advisory Group and the Governor’s endorsement of its recommendations provide the
stepping stones for the Integration Group to move forward.  The purposes of the Integration Group are
four-fold:

1) Assist me in prioritizing and implementing remaining recommendations in the Oregon Strategy
for Greenhouse Gas Reductions (2005);  receive reports from state agencies and other implementers,
and make additional recommendations to achieve the goals of the strategy;

2) Assess the current state of knowledge about the sensitivity, adaptive capacity, and vulnerability of
natural as well as human economic and social systems to climate change in Oregon and prepare
recommendations about how the state can become more resilient and adapt to unavoidable
changes;

3) Stimulate new research programs on mitigation and adaptation strategies in collaboration with
the Oregon University System; and,

4) Provide a clearinghouse for sharing information with citizens about climate change impacts and
the opportunities in Oregon to address those impacts in an environmentally and economically
sustainable manner.

The Integration Group will base its recommendations on the best possible current scientific knowledge,
common sense and consideration for the welfare of all Oregonians.  The Integration Group will make its
first recommendations to Governor by December 30, 2006, with a subsequent more in depth report by
December 2007.

A. Parameters for Reviewing the Implementation of the Oregon Strategy for
Greenhouse Gas Reductions
The Integration Group will track the implementation of the recommendations in the Oregon
Strategy.  It will receive reports on the success of developing policies and implementing actions to
achieve the state]s greenhouse gas reduction goals.  It will serve as a forum for developing addi
tional recommendations to reduce, avoid or sequester greenhouse gas emissions.

B. Parameters for Developing Strategies for Adaptation
Both ecological and human systems are sensitive to climate change.  Those at risk include, but are
not limited to the following:  hydrology and water resources; agriculture and forestry; terrestrial
and freshwater ecosystems; coastal zones and marine fisheries; human settlements; winter and
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coastal tourism and recreation; energy production; industry; property values; insurance and other
financial services; and health.57  Adaptation is needed now to reduce and manage the risks from
climate change.

The Integration Group will look at a range of scenarios and studies of likely climate change and
the likely sensitivities, vulnerabilities and impacts on natural and human systems. It will look for
the features of a system that keep it resilient, recognizing the inherent complexity of coupled
human/natural systems. The Integration Group will look for ways to position the state to take
advantage of economic opportunities that can help the state and others reduce greenhouse gas
emissions and adjust to climate change.

The Integration Group will look for the linkages between natural and human systems. Ecosystem
services are one critical linkage between natural and human systems.  Ecosystem services are the
benefits provided by ecosystems to people; and, climate change is modifying the delivery of
ecosystem services to people.  The provision of drinking water, food, flood control, fertile soil,
control of pests and diseases, etc., are examples of ecosystem services.

The Integration Group will draw upon the state-of-the-art understanding of climate, ecosystem
services, adaptation, resilience, vulnerability, and coupled social/natural systems.  It will begin its
deliberations with scientific presentations of what is known from scientific research.  The
Integration Group will start from the “Scientific Consensus Statement on the Likely Impacts of
Climate Change in the Pacific Northwest.”  The group will also use as a starting point the
consensus document produced by economists, “The Economic Consequences of Climate Change
in Oregon.”

The Integration Group recommendations will recognize the inherent uncertainty of any future
projections of climate or impacts. Hence, adaptation strategies will be crafted to enhance intrinsic
resilience and adaptive flexibility.  However, even given the uncertainties of future scenarios, the
potential impacts must be estimated in order to balance the costs of doing nothing against the
anticipated costs of adaptive strategies.

The Integration Group includes a fair representation of parties with scientific, public, economic,
and environmental interests at stake, along with appropriate state agency staff.  The Integration
Group will review current efforts by agencies, businesses, organizations, and citizens to incorporate
adaptation to climate change into their planning and management assumptions.  The Integration
Group will choose an integrated set of recommendations for specific actions that citizens,
businesses, organizations, the State, and local governments should take.  The adaptation strategy will
complement and, where possible, will enhance the strategy recommended in the Oregon Strategy for
Greenhouse Gas Reductions.

During 2006, the Integration Group will prepare a strategy that focuses on immediate actions that
Oregonians should take to begin adapting to climate change for the most affected sectors.  The
2007 report will focus on a more comprehensive assessment of the needs for adaptation and will
develop a long-term strategy.

57 “Summary for Policymakers; Climate Change 2001: Impacts, Adaptation, and Vulnerability; A Report of Working Group II of the
Intergovernmental Panel on Climate Change.”
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C. Parameters for Stimulating New Research in Mitigation and Adaptation
The Integration Group will work with representatives from the Oregon University System to
explore new opportunities for research on the mitigation and adaptation to climate change in
Oregon and the Pacific Northwest. This will include coordination with Federal opportunities in
both science and technology as part of the US Climate Change Research Initiative.

The Integration Group and OUS will develop a set of integrated science and technology
initiatives by the end of 2007.

D. Parameters for Serving as a Clearinghouse for Information
The Integration Group will serve as a clearinghouse for information about measures Oregonians
can take to reduce their greenhouse gas emissions and to adapt to change.  It will provide a forum
for all those working on climate change to inform Oregonians of their efforts and successes.  It
will serve as a locus for learning about efforts at local, state, national and international levels.  It
will also serve as a source of information for others about what Oregon is doing.

3. INTEGRATION GROUP STRUCTURE

Integration Group Co-Chairs
The Governor has named Dr. Mark Abbott and Mr. Ned Dempsey as Co-Chairs of the Integration
Group. In this role they will serve as the spokespersons for the Integration Group and will work with the
Department of Energy staff and consultants to organize the meetings and direct the process.

Integration Group Membership and Responsibilities
The Governor approved the initial list of Integration Group members. They represent policy decision-
makers in key sectors that will be affected by changes to natural and human systems through global
warming.  Future members may be added by the co-chairs in consultation with the Governor’s Office.

It is important to have consistent and regular participation throughout the process. However, if a member
cannot make a particular meeting, he or she is encouraged to send an alternate who has been kept in-
formed of the issues and can represent the interests represented by that member.

3.1 Meeting Schedule
The Co-Chairs will develop a meeting schedule in consultation with members.

3.2 Members’ Responsibilities

1. Attend meetings, and if there is an unavoidable absence, have an alternate attend and keep the
member informed.

2. Represent the interests of their sector as well as possible, but members do not make any commit-
ment for their organizations unless they specifically state that intention.

3. Review materials distributed between sessions and respond in a timely manner to any requests
for comment or information.
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4. Work together to understand the issues involved and the needs and concerns of other members
and to search for consensus.

5. Raise issues, concerns and questions in a timely manner during discussions and/or during e-mail
exchanges.

6. Regard silence on an issue as assent.  If a member is undecided and thus not speaking on an
issue, he/she should make that known to the Integration Group.

7. Consider the public input received on the draft proposals.

8. Assist in preparing reports to the Governor by December 2006 and December 2007.

9. Support implementation of the portions of the recommended proposal if it achieves consensus.

10. Members will speak to the press only about their own views and will not attempt to represent or
characterize the views of other members.

Integration Group Elements

1. Integration Group.  The Integration Group will be composed of stakeholders from the agri-
cultural, forestry, fishing, water supply, electric and gas utilities, various industries, state and local
governments, and from environmental, climate change, and other interested parties or organiza-
tions.

2. Staff Working Group. The Staff Working Group will be a sub-group for coordination of
agency policy perspectives, principally through their designated representatives.  The departments
of Energy, Forestry, Land Conservation and Development, Geology and Mineral Industries,
Agriculture, Economic Development, Parks, State Lands, Fish and Wildlife, Environmental
Quality, the Public Utility Commission, Department of Transportation, State Economist, and
Office of Emergency Management will be invited to participate.  Collectively, participating state
agencies representatives will make up the Staff Working Group.  The Department of Energy has
the responsibility for providing the lead on staffing and support for the Integration Group.

3. Subcommittees.  The Co-Chairs will appoint subcommittees on adaptation, mitigation, and
public education to assist the Integration Group.  The Co-Chairs will draw on a wide range of
expertise and interests for the subcommittees.  Participation on the subcommittees will not be
limited to members of the Integration Group.

4. Task and Subcommittee Leadership. Leadership for specific tasks will be assumed by inter-
ested stakeholders, who will work closely with and other stakeholders and agency representatives
who have committed to assist with the task.

5. Observers. Other states and Canadian provinces may take part in meetings of the Integration
Group and Staff Working Group and subcommittees as observers.

Integration Group Decision-making
The Integration Group will make decisions as much as possible by consensus of all members.  Consensus
for this purpose means that all members will agree to support the elements of the proposal and its imple-
mentation.  It does not mean that they agree in each particular element that this is the very best design.
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The reports of the Integration Group will review Oregon’s accomplishments and challenges in achieving
the recommendations of the 2004 Advisory Group and will recommend adaptation strategies for the state
to the Governor.  In the adaptation strategy, it will identify areas where there is uncertainty or where there
is not consensus, but where there is significant support for certain elements of the proposal.  It will explain
the uncertainty or the concerns that prevent consensus on particular recommendations.  The first report
on adaptation strategies will focus on the major areas where the state is most vulnerable.  Subsequent
reports will go into greater depth and breadth.  The reports will reflect the variety of opinions of the
Integration Group and capture the levels of consensus.

Other decisions of the Integration Group, such as direction to the sub-committees, meeting planning and
other organizational and logistical matters, will be made by a general sense of the Integration Group, with
the decision delegated to the Co-Chairs.
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2013 GYWC Watershed Restoration Action Plan 

Addendum 11/14/2014 

 

This addendum is to document the GYWC’s understanding that recently 

completed habitat studies and conservation strategies for Fender’s blue 

butterfly and associated species (summarized below) necessitate a thorough 

review of and updates to the council’s 2013 Watershed Restoration Action 

Plan to incorporate priorities for upland restoration.  

 
Habitat Studies 

HCP for Fender’s Blue Butterfly on Private Lands in Yamhill County 

The Yamhill SWCD and Institute for Applied Ecology (IAE) recently 

completed a multi-year habitat/population study for ESA-listed Fender’s blue 

butterfly and Kincaid’s lupine for private lands in Yamhill County. This study 

provided the data necessary for the YSWCD to draft a Habitat Conservation 

Plan (HCP) (Draft, March 2014). 

 

IAE was contracted to develop an Action Plan based on the collected data, 

which was published alongside the draft HCP (Conservation Strategy for 

Fender’s Blue Butterfly and Associated Habitats in Yamhill County; March, 

2014). This strategic plan was developed to complement the YSWCD’s HCP, 
as well as to serve as a stand-alone oak/prairie restoration planning 

document for local conservation organizations. 

 

HCP for Fender’s Blue Butterfly on Yamhill County Right-of-Ways 

Yamhill County Public Works also recently completed a multi-year 

habitat/population study for ESA-listed Fender’s blue butterfly and Kincaid’s 

lupine for County transportation right-of-ways. The study provided the data 

necessary to finalize a Habitat Conservation Plan (HCP) and secure a federal 

ESA take-permit specific to County right-of-ways (Approved, March 2014).  

 

GYWC Watershed Restoration Planning 

The current 2013 Watershed Restoration Action Plan is aquatic/floodplain 

oriented. The GYWC has an important opportunity to integrate 
comprehensive oak/prairie restoration information and recommendations 

into its Watershed Restoration Action Plan now that these Fender’s blue 

butterfly databases and associated strategic plans have been developed. The 

GYWC intends to broaden its Action Plan focus to a watershed approach, 

which encompasses the high priority habitats (upland and aquatic/floodplain) 

and associated species that our service area supports. In doing so, we 

intend to identify the particular niche that the GYWC can fill for oak/prairie 

restoration projects in our service area.  



 

We are cognizant of the organizations working in this restoration arena 

locally and feel that the GYWC will able to participate in a meaningful and 

collaborative manner with our partners. The GYWC has already taken steps 

to pursue these collaborations by participating in a 2014 NRCS RCPP grant 

funding request to support Yamhill/Polk County oak and prairie restoration. 

This proposal is a partnership with nearly all of the key local players in 

oak/prairie restoration. If awarded, the GYWC will provide much needed 
support for landowner recruitment and outreach. The proposal partners have 

strongly encouraged this role for the GYWC. 

  

Again, our intent is to use the most current and comprehensive watershed 

data available to set restoration priorities and identify the actions that the 

GYWC will take in the coming years. Expanding our focus to include upland 

areas is an essential component to our watershed restoration goals. We look 

forward to working with our restoration partners in 2014/2015 to review our 

current Watershed Restoration Action Plan and to define a strategic, 

watershed approach that gives equal consideration to priority upland and 

aquatic/floodplain habitats. 
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The Greater Yamhill Watershed Council 
Action Plan Summary 

 

 

The Greater Yamhill Watershed Council, a non-profit 
organization with a volunteer board and council 
members, fosters community engagement in the basin 
to protect and enhance the health of our watershed. 
With the volunteerism of our community and a local 
sense of stewardship, we can achieve long-term 
watershed health. 

 

The Greater Yamhill Watershed Restoration Action Plan 
advances the Council’s mission to improve the health of 
the Yamhill River, Chehalem Creek, and tributary 
streams. The Action Plan is the framework and 
roadmap for guiding the Council’s activities by pursuing 
the following goals: 

Goal 1: Organize the Council for action  

Goal 2: Concentrate the Council’s activities by 
emphasizing actions in riparian and aquatic areas 
within Willamette Valley lowlands 

Goal 3: Work collaboratively with organizations and 
residents on watershed restoration, education and 
outreach, and monitoring 

Goal 4: Track watershed conditions and restoration 
success through monitoring and assessment lectures 
about watershed issues and fish populations; 
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Volunteers are the heart 
of the Greater Yamhill 

Watershed Council. 

 

Council meetings are held on the second Thursday 
night of the month and the public is encouraged to 
attend. In addition, the Council sponsors a variety of 
fun and educational activities 

 

What can you do in your community?   

• Participate in streamside tree planting and water 
quality monitoring; 

• Mark storm drains in urban areas; 
• SOLVE stream cleanups – help remove trash and 

unnatural debris from your creek;  
• Get dressed-up and be goofy with the Council in 

McMinnville’s annual UFO festival Alien Parade.  
• Join other residents to survey spawning salmon 
• Attend lectures about watershed issues and fish 

populations; 
• And a host of other fun activities that connect you 

to nature 
 

For more information on the Council, upcoming events, 
and volunteer activities, visit the Council’s web site and 
facebook account: 
http://www.yamhillwatershedcouncil.org/ 

https://www.facebook.com/greateryamhillwatershed
council

 

  

 

 

http://www.yamhillwatershedcouncil.org/�
https://www.facebook.com/greateryamhillwatershedcouncil�
https://www.facebook.com/greateryamhillwatershedcouncil�
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Introduction  
The Greater Yamhill Watershed Council is a 
diverse group of community residents, 
landowners, environmental groups, businesses, 
and government agencies who work to enhance 
the natural resources of the Greater Yamhill 
Watershed. Working in collaboration with 
partner organizations and landowners, the 
Council seeks to increase understanding of the 
watershed and to accelerate the pace and 
effectiveness of watershed enhancement 
through voluntary restoration actions. 

The Greater Yamhill Watershed Restoration 
Action Plan advances the Council’s mission to 
improve the health of the Yamhill River, 
Chehalem Creek, and tributary streams. The 
Action Plan is the strategic framework and 
detailed roadmap intended to guide Council 
activities over the next five years. These 
activities include organizational development, 
voluntary restoration project implementation, 
building partnerships with other organizations, 
community and landowner education and 
involvement, and collecting information on 
watershed conditions.

Council Board Members 

JL Liddane, Chair Watershed Resident 

Erik Grimstad, City of McMinnville 

Dave Hanson, Native Plant Society of 
Oregon 

Marci Humlie, McMinnville Water 
and Light 

Sonja Johnson, City of Newberg 

Dave Riedman, Watershed Resident 

Leonard A. Rydell, Yamhill County 
Small Woodlands Association 

Bruce Sigloh, Watershed Resident 

Steve Wegner, Mary’s Peak Resource 
Area – Salem Bureau of Land 
Management 

 

Council Staff 

Luke Westphal, Executive Director 
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Watershed Council Accomplishments 
Since its formation in 1995, the Greater Yamhill 
Watershed Council has engaged the community and 
landowners in a number of educational and 
watershed enhancement activities, including 
landowner workshops, riparian restoration projects, 
fish habitat improvements and volunteer water 
temperature and water quality monitoring. Some of 
the stream restoration projects completed by the 
Council include enhancing fish habitat in Gooseneck Creek, a tributary to Mill Creek; 
improving upland and wet prairie habitats within Yamhill County’s Deer Creek Park; and 
extensive riparian tree planting and invasive plant control along Muddy Creek. The Council 
is involved with the Palmer and Cozine Creek Pesticide Steward Partnerships (PSPs). 
Through water quality monitoring, the PSP identifies potential concerns and improves 
water quality affected by pesticide use. This partnership combines local expertise and water 
quality sampling results to encourage voluntary changes in pesticide use and management 
practices.   

Development of the Action Plan 
This document builds on the Greater Yamhill 
Watershed Council’s 2005 action plan. The range 
of activities covered in the Action Plan include 
those necessary to increase the pace and 
effectiveness of the Council’s watershed 
enhancement and educational actions. The Action 
Plan focuses on organizational development, on-
the-ground restoration, building partnerships, 
outreach and education, and watershed 

assessment and monitoring. Because these activities cannot be achieved by the Council 
working in isolation, the Action Plan also provides a framework for developing partnerships 
with local and regional organizations that are in alignment with the Council’s watershed 
improvement mission. 
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The Action Plan was developed through the guidance of the Council’s Board and a Technical 
Advisory Committee (TAC). The TAC was comprised of representatives from partnership 
organizations, including Yamhill and Polk Soil and Water Conservation Districts (SWCDs), 
Oregon Department of Fish and Wildlife (ODFW), the Bureau of Land Management (BLM), 
City of McMinnville, Linfield College, The Nature Conservancy, and Portland State 
University. The Council Board’s Chair and Executive Director also participated in the TAC 
meetings.  

Greater Yamhill Watershed Overview  
Encompassing an area of 529,510 acres, ranging from the crest of the Coast Range to the 
Willamette River, the Greater Yamhill Watershed Council’s service area encompasses the 
Yamhill and Chehalem basins. Overall, the Greater Yamhill Watershed Council’s service area 
includes eight watersheds: 

North Yamhill River Salt Creek 
Willamina Creek South Yamhill River/Deer Creek 
Upper South Yamhill River Yamhill River 
Mill Creek Chehalem Creek*  

*Chehalem Creek Watershed includes Lambert Slough, a tributary to the Willamette River. 

 

The majority (approximately 87%) of land in the Greater Yamhill Watershed Council’s 
service area (hereafter, Greater Yamhill Watershed) is in private ownership with 
predominant land uses of agriculture and industrial forestry. The Bureau of Land 
Management, Confederated Tribes of the Grand Ronde, and the U.S. Forest Service manage 
properties in the Coast Range upland areas of the basin. 

Roughly 70% of the Greater Yamhill Watershed lies within 
Yamhill County, with most of the remaining in Polk 
County. Small portions of the watershed are within 
Washington, Lincoln, and Tillamook Counties. There are 
ten incorporated cities and towns in the watershed: 
McMinnville, Newberg, Willamina, Sheridan, Amity, 
Carlton, Yamhill, Lafayette, Dayton, and Dundee.
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The watershed’s human population is growing. In 2012, Yamhill County’s population 
estimate is 100, 550, a considerable increase over the U.S. Census’ 1990 population 
estimate of 65,551 (PSU Population Research Center 2012 http://www.pdx.edu/prc/home). 
Much of the population growth has been concentrated in the Greater Yamhill Watershed’s 
towns and cities.  

Aquatic habitats and fish populations 
The Yamhill River and Chehalem Creek begin in the Coast 
Range and foothills. These streams meander through the 
valley and past communities such as Sheridan, 
McMinnville, and Newberg before reaching the Willamette 
River. The watershed’s streams are bordered by forests, 
wetland areas and other water-associated, or “riparian 
vegetation”, that provides shade and other important 

habitat for wildlife and fish. Historically, the Yamhill River was characterized by a wide band 
of riparian and floodplain forests with an active channel meandering across the floodplain. 
Over the last 100 years, various land use practices have dramatically reduced the amount of 
streamside vegetation and the ability of the channels to migrate across their floodplains.  

Cutthroat trout spawn and live their lives within the Greater Yamhill Watershed’s streams, 
including Chehalem Creek. Coho salmon, winter steelhead, and lamprey are present in the 
watershed. These species are anadromous—fish that spend their adult life at sea and breed 
in freshwater. Another anadromous fish, Chinook salmon, do not spawn in the watershed, 
but young salmon from Cascade Range spawning streams will move from the Willamette 
River into the lower Yamhill River during the higher winter and early spring flows as they 
make their slow journey to the ocean. Coho salmon, which 
are weaker swimmers than Chinook salmon and could not 
ascend Willamette Falls, were not historically present in 
the watershed. With the addition of a fish ladder at the 
falls, coho are now accessing spawning areas in the 
Yamhill River and other Willamette River tributaries and 
their populations are growing.  

http://www.pdx.edu/prc/home�
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As a result of habitat modifications, 
historical overfishing, and other factors, 
Willamette River Basin Chinook salmon 
and steelhead trout populations have 
declined to alarming levels, and the 
larger reproductive units they belong 
to—the Upper Willamette River Chinook 
evolutionarily significant unit (ESU) and 
the Upper Willamette River steelhead 
distinct population segment (DPS)—are 
listed as threatened under the ESA.  

While the majority of Willamette River Basin winter steelhead spawn in tributaries on the 
east side of the basin flowing out of the Cascade Range (e.g., Mo lalla and Santiam Rivers), 
steelhead do spawn in the west-side Coast Range tributaries. The Oregon Department of 
Fish and Wildlife (ODFW) recognizes the Yamhill, Tualatin, and Luckiamute Rivers as 
containing west-side steelhead populations. While these steelhead populations are not as 
large as the east-side populations, steelhead production from west-side tributaries, 
including the Yamhill River, help buffer or compensate for the other populations and 
contribute to the population’s recovery.  

The majority of Upper Willamette winter steelhead, including the fish returning to the 
Greater Yamhill Watershed’s streams, return to freshwater in January through April, pass 
Willamette Falls from mid-February to mid-May, and spawn in March through June, with 
peak spawning in late April and early May. Steelhead can migrate far upstream to spawn in 
smaller, higher gradient tributaries. Juvenile steelhead rear in streams for one to four years 
(most often two years), then migrate in April through May downstream through the 
Willamette River and Columbia River estuary into the ocean.  

Historically, the Willamette Basin lamprey population was the largest in the Columbia River 
Basin. Pacific lamprey has seen dramatic population decline throughout the Pacific 
Northwest and the number of lamprey passing Willamette Falls has also fallen 
precipitously. The reasons for the population decline are not well understood, but lamprey 
passage problems at Willamette Falls, dams, and road crossings have contributed to the 
population’s decline. 
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Lamprey begin to migrate from the ocean in the early 
spring, moving into the Willamette River and then up the 
tributary rivers and small streams. The adults reside in 
freshwater for approximately a year before spawning. 
Little is known about Willamette Basin lamprey behavior 
or distribution during the adult migration and holding 
period.  

Recent studies sponsored by the Confederated Tribes of the Grand Ronde and other 
organizations have provided preliminary information on Willamette Basin lamprey 
migration patterns. These studies indicate that a significant proportion of the Willamette 
Basin’s lamprey population migrates into the Yamhill River where they spawn in small 
tributary streams, such as Agency Creek, a tributary to Willamina Creek. After emergence 
from the stream gravels, larval lamprey burrow in silt and fine sediment substrates where 
they rear and feed on detritus and other organic material for 4 to 8 years, after which they 
undergo metamorphosis and migration to the ocean.  

Upland habitats and wildlife 
The Greater Yamhill Watershed includes extensive forested areas within 
the Coast Range and foothills. As the watershed transitions from the 
forested areas into the flat, broad Willamette Valley the landscape 
becomes very diverse: farms, wineries, woodlots, homes, and small 
urban centers are interspersed with natural environments, including rare 
Willamette Valley habitats such as oak woodlands and prairie grasslands.  

The increasingly rare native upland habitats are home to important plant 

and wildlife species. One example is Kincaid's lupine. This lupine, which 
grows in native prairies that have been virtually eliminated from the 
Willamette Valley as a result of conversion to agriculture, urbanization, 
and other development, is threatened in the wild. Fender's blue butterfly, which is 
protected under the federal Endangered Species Act (ESA), needs Kincaid’s lupine to 
survive. The butterfly’s larvae eat the plant’s leaves during the fall then crawl down the 
stem and hide among the roots during the mild winters. In spring, the larvae re-emerge and 
eat more leaves and then form cocoons.  

Fender’s blue butterfly 
on Kincaid’s lupine 
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Watershed Restoration Partner 
Organizations 
Organizations are achieving a lot in the watershed – below are some examples of what is 
happening in restoration with a focus on partnerships and how upland restoration is being 
achieved.  

Yamhill and Polk Counties  
In 1995, recognizing the importance of conserving the natural resources of the watershed, 
Polk and Yamhill Counties formed the Greater Yamhill Watershed Council (then named the 
Yamhill Basin Council) to identify problems and needs in the watershed and to develop an 
action plan. Polk and Yamhill Counties own and manage significant acreage across the 
Greater Yamhill Watershed. Yamhill County is a key partner for the proposed Yamhales 
Westsider Trail, which would provide a multi-use trail connecting from McMinnville to 
Gaston following an unused rail line. Yamhill County Parks manages a variety of parks and 
natural areas, most of which are located near 
water bodies. Yamhill County Parks implements 
land management practices to protect water 
quality, including the protection and enhancement 
of riparian and wetland areas, greatly limiting the 
use of fertilizers and pesticides, landscaping with 
native plants, and controlling invasive plant 
species. Yamhill County Parks is also a key partner 
for the proposed Yamhill River Watertrail, which is 
being led by a committee of local residents and organizations. Polk and Yamhill County 
Public Works Departments are engaged in discussions with the Greater Yamhill Watershed 
Council to address high priority fish passage barriers. Polk County is currently partnering 
with the Greater Yamhill Watershed Council to acquire funding to address a high priority 
fish passage barrier in the Mill Creek watershed. Yamhill County Public Works is also 
finalizing a Habitat Conservation Plan (HCP) to protect upland prairie species on County 
lands, including two federal and state listed species: Kincaid’s lupine and Fender’s blue 
butterfly. 
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Cities 
 A number of local municipalities are active in the 
restoration and preservation of natural resources in the 
Greater Yamhill Watershed. The City of Newberg is 
leading efforts to improve urban water quality through 
their Willamette Total Maximum Daily Load (TMDL) 
Implementation Plan. The City of McMinnville has 
partnered with a variety of local conservation groups to 
conduct water quality monitoring programs, riparian plantings, and storm drain markings in 
partnership with the GYWC. The City of Dundee established the 20-acre Harvey Creek Trail 
and partnered with the Greater Yamhill Watershed Council to replace a fish passage barrier 
culvert. The City of Sheridan worked with the Council to restore riparian vegetation along 
the South Yamhill River. The City of Carlton partnered with the Council to plant trees along 
the North Yamhill River at Wennerberg Park. In addition, the Cities of Carlton, Dayton, 
Dundee, Lafayette, McMinnville, Newberg, Sheridan, and Willamina provide sponsorships 
for the Greater Yamhill Watershed Council’s programs.  

Yamhill SWCD 
The YSWCD works to conserve, restore, and protect Yamhill County’s natural resources by 
providing technical, financial, and educational assistance to citizens, landowners and 
businesses. The YSWCD owns and maintains a number of important conservation 
properties, including Miller Woods and Chegwyn Farms. The District has also made 
significant progress in the protection and restoration of upland habitats. The YSWCD is 
currently finalizing a Habitat Conservation Plan (HCP) to protect upland prairie species on 
private lands, including two federal and state listed species: Kincaid’s lupine and Fender’s 
blue butterfly.   

Polk SWCD 
The PSWCD is organized to promote conservation and wise use of natural resources in Polk 
County. In addition to implementing on-the-ground restoration and monitoring activities, 
the District has developed extensive outreach and education programs for youth and 
adults, including landowner resource management workshops, outdoor school events, 
college internships, and has published a variety landowner resource handbooks. 
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Bureau of Land Management 
The BLM has significant upland and forested holdings across the Greater Yamhill 
Watershed, in particular the North Yamhill, Willamina, Upper South Yamhill, and Mill 
Watersheds. The BLM actively manages these lands to produce a consistent volume of 
timber while protecting and restoring water quality and native salmonid fisheries, among 
other natural resource concerns. Conservation activities implemented by the BLM include 
road sediment and erosion control, aquatic and riparian habitat enhancement, fish passage 
restoration, and sustainable forest thinning. 

Confederated Tribes of the Grand Ronde   
The Confederated Tribes of Grand Ronde is a diverse organization 
that provides a variety of programs and services to tribal members 
and surrounding communities. The Tribe’s Natural Resources 
Department is organized to manage the natural resources of the 
Grand Ronde Tribes, such as upland forests and prairies, streams, 
fish and wildlife. Pacific lamprey is a culturally significant species to 
the Tribe and is found in Agency Creek. The Tribe is currently 

working collaboratively with Oregon State University and Cramer Fish Sciences to conduct 
research on Pacific lamprey behavior, migration, and distributions.  

Yamhill Partners for Land and Water  
The YPLW is an informal group of public and private organizations working together to 
protect and enhance the natural resources of the Yamhill valley area and its people by 
conserving significant lands & waters for wildlife habitat, for working lands, and for parks & 
natural spaces. The YPLW is actively working to establish a land trust presence in Yamhill 
County. In addition, the YPLW is particularly focused on the protection and enhancement of 
oak savanna and woodlands, upland and wet prairies, and populations of the federal and 
state listed Kincaid’s lupine and Fender’s blue butterfly. 

Yamhill Watershed Stewardship Fund 
The YWSF is a Yamhill County-based non-profit corporation dedicated to promoting 
knowledge and appreciation of healthy lands, waters, and wildlife in the Yamhill River 
valley. The YWSF provides local community grants for environmental outreach and 
education and sponsors annual environmental-themed film festivals. 
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Institute for Applied Ecology 
IAE is a 501(c)(3) nonprofit organization 
with a mission to conserve native species 
and habitats through restoration, 
research, and education. The IAE has 
developed and implemented habitat 
restoration and conservation research 
programs throughout Oregon, including 
the introduction of federally listed 
Nelson’s checkermallow within Deer Creek 
County Park in Yamhill County. 

 

 

 

 

 

 

 

The Nature Conservancy 
The TNC is actively engaged in upland conservation efforts in the Yamhill Valley. The TNC 
owns and manages the 630-acre Yamhill Oaks Preserve, which includes significant holdings 
of rare oak woodlands, upland prairies, and populations of federal and state listed Kincaid’s 
lupine and Fender’s blue butterfly. The TNC is an active member of the YPLW and has led 
the YPLW’s strategic planning efforts.  
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Greater Yamhill 
Watershed Issues  
There are a number of environmental issues 
affecting the Greater Yamhill Watershed’s rivers 
and streams. Historical practices and current 
land use management are contributing to poor 
water quality and fish habitat. Most of the 
watershed’s streams and associated riparian 
vegetation and floodplains are suffering from 
multiple symptoms that indicate poor watershed 
health. The Greater Yamhill Watershed Council is 
dedicated to improving the watershed by 
addressing the range of environmental 
problems. The sections below outline the key 
issues affecting the watershed.  

Hot 
Stream water temperatures that are too high for 
healthy fish populations are a problem in the 
Greater Yamhill Watershed. Late summer water 
temperatures in large portions of the 
watershed’s streams often exceed 65 degrees 
Fahrenheit, which is stressful for cold-water fish 
such as trout and steelhead. A key factor that 
contributes to these high water temperatures is 
loss of shade over stream channels. Removal of 
riparian areas or narrowing of the corridor of 
vegetation next to streams reduces the amount 
of cover over the stream, increasing sun 
exposure and heating the water. The Oregon Department of Environmental Quality (DEQ) 
has identified Greater Yamhill Watershed streams that exceed healthy temperature for fish. 
More than 322 miles of streams are “water quality limited” for temperature.   

Watershed Issues Addressed by 
the Action Plan  

Hot: Water temperatures exceed what is 
healthy for fish and other organisms. 

Dry: Reduced water flows restrict stream 
habitat and increase water temperatures. 

Disconnected: Road stream crossings can 
be barriers to fish movement; channels are 
disconnected from floodplains, which 
reduces fish habitat. 

Dirty: Contaminated water from poor 
urban stormwater management and runoff 
from inadequately maintained rural roads 
and other land use practices is contributing 
to poor water quality.   

Simplified: Streams have lost complexity 
that contributes to high quality fish habitat, 
including deep pools and cover, due to 
reduced amounts of large wood in streams 
and land uses affecting the width and 
quality of streamside vegetation and the 
active floodplain. 

Weedy: Invasive plants are non-native 
species that invade habitats. In riparian 
areas and floodplains, invasive plants 
replace native plants and degrade habitats. 
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Dry  
By its nature the Yamhill River, its tributaries, and Chehalem Creek have very low flows during 
the summer and early fall. Unlike many of the other Willamette Basin rivers that are fed by the 
high Cascade Mountains, low flows in the Greater Yamhill Watershed are not supplemented by 
a large snowpack, abundant groundwater, or water stored in reservoirs behind dams. The low 
water levels of the Greater Yamhill Watershed’s streams are further reduced when water is 
withdrawn for agricultural and municipal uses. Low flows reduce the habitat available for 
aquatic species, including ESA-listed steelhead, and exacerbate high water temperatures 
because the low water volume heats up more quickly. 

Climate change could magnify the Greater Yamhill Watershed’s warm streams and low flows. 
There is a growing consensus that climate change is occurring at global, national, regional, and 
local scales. Predicted climate change is expected to affect watersheds and the abundance and 
persistence of many native fish, wildlife and plant species, with significant impacts on native 
salmon and trout.  

A recent State of Oregon report, Climate Change and Freshwater 
Resources in Oregon (Chang and Jones 2010), outlines the 
potential impact of climate changes on watersheds. The following 
is a summary of how the report’s predicted climate change could 
affect rain‐dominated watersheds within the Willamette Basin: 

• More extreme events such as floods and droughts.  
• Higher summer air temperatures, accompanied by reduced 

precipitation, will decrease stream flow in the summer. 
• Water temperatures will rise as air temperature increases, particularly in urban streams 

where natural riparian vegetation is typically lacking. The decline in stream flows will 
exacerbate water temperature increases because the lower volume of water will be heated 
up more quickly. 

• Short‐term droughts (3–6 months) will increase. These droughts, combined with increased 
frequency of heat waves, could drive the increased frequency of sustained periods of high 
water temperatures and lower summer flows. 

• Increased evaporation due to warmer air temperatures may also result in reductions in 
total annual groundwater recharge. 
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Disconnected 
Historically rivers and streams within the Greater 
Yamhill Watershed could actively meander across 
the floodplain. Over the last 100 years, the 
placement of revetments and other practices have 
diminished the tendency for rivers and streams to 
meander. These actions have disconnected 
channels from the floodplain, reduced fish habitat 
by limiting access to floodplain areas during high 
flows, and blocked side channels.  

Fish passage barriers on tributary streams to the 
Yamhill River can pose significant problems for fish 
populations. Road crossing culverts are the 

primary fish passage barrier present in the Greater Yamhill Watershed. Culverts, which can be 
too high or too steep for fish to swim through, prevent fish from accessing important areas for 
spawning or from moving into cool tributary streams when the river warms during the summer 
months. With more than 1,500 road crossings within the watershed, there are a large number 
of potential fish passage barriers that can affect fish populations.  

The Council has been evaluating fish passage at road crossing culverts in the Mill Creek, 
Willamina, and North Yamhill Watersheds. This information will aid in identifying culverts that 
are barriers to fish passage and prioritizing culvert replacement. Improving fish passage will 
have immediate benefits by opening more stream habitat to steelhead, cutthroat trout, and 
lamprey populations.      
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Dirty 
Urban and rural areas within the Greater Yamhill 
Watershed contribute to poor water quality in streams. 
Roads, parking lots, rooftops, and other areas are 
“impervious” to water infiltrating into the ground. 
Rainfall hitting these impervious surfaces quickly runoff 
the storm drain system, contributing large amounts of 
water carrying sediments, oils, and other contaminates 
into streams. In rural areas, ditches along roads that are 
not properly maintained, or farm fields that do not 
control erosion can also transport water with sediments, pesticides and other chemicals into 
streams. In addition, poor land management practices can introduce other chemicals into 
waterways, including pesticides, and leaky septic systems and other sources can contaminate 
water with bacteria.  

Simplified 
Large wood from trees falling into stream channels provides important habitat for fish and 
wildlife. Large accumulations of wood in the river (i.e., log jams) help scour deep pools which 
tend to be cooler, and provide cover for fish and wildlife. Throughout the Greater Yamhill 
Watershed, there has been a dramatic reduction in the amount of wood in stream channels. 
Historical practices, such as log drives down the Yamhill River during the early logging of the 
watershed, promoted the removal of wood. Removal of riparian trees, the narrowing of the 
band of vegetation along channels from land use, and the conversion of conifer trees to 
deciduous trees such as alder, have also limited the contribution of wood into the streams.   

In addition, the placement of revetments and other 
practices to “control” the river have diminished the 
Yamhill River’s tendency to meander. Together, these 
factors have narrowed the active floodplain and 
corridor of floodplain vegetation; the combined effect 
has been a reduction in the number of trees in the 
channel that contributes to quality habitat.  
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Weedy  
Invasive plants are non-native species that invade habitats. In the Greater Yamhill Watershed’s 
riparian areas and floodplains, invasive plants replace native plants and degrade habitats. 
Blackberry, Japanese knotweed, purple loosestrife, spurge laurel, and other invasive plants are 
aggressively taking over habitat along the Yamhill River and other streams and reducing habitat 
diversity and quality. Reducing vegetation quality along streams can degrade water quality and 
fish habitat over time by diminishing the numbers of native trees and reducing shade over 
channels.   

  

Reed canarygrass creates a monotypic infestation where no other plants will grow 

Armenian (Himalayan) Blackberry displaces native riparian habitats 
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Action Plan Structure 
The Greater Yamhill Watershed Restoration Action Plan is 
the foundation for the Council’s activities and coordinated 
actions with partner organizations. The Action Plan is 
organized around a framework that describes the overarching purpose of the plan, goals that 
define success, and the strategies and actions designed to achieve the goals.  

Action Plan Purpose 
Working in partnership with other organizations, individuals, and landowners, 
the Greater Yamhill Watershed Council will increase resident’s understanding of 
the watershed and accelerate the pace and effectiveness of aquatic and riparian 
restoration.  



  
 
Greater Yamhill Watershed Restoration Action Plan - 2013 Page 26 
 

Notes: 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________



  
 

Greater Yamhill Watershed Restoration Action Plan - 2013 Page 27 

 

 

  

Greater Yamhill Watershed Council  

Action Plan Structure 
 

Purpose Goals  Strategies Actions 
 

Purpose: Broad and visionary. The reason for the Action Plan 
and coordinated actions 

Goals: Specific outcomes that will define success 

Strategies: Overall approach used to achieve the goals in 
alignment with the purpose 

Actions: Specific activities, including where, when, and 
partnerships 
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Action Plan Goals 
The purpose of the Greater Yamhill Watershed 
Restoration Action Plan will be accomplished by 
pursuing the following goals:  

Goal 1: Organize the Council for action  

Goal 2: Concentrate the Council’s activities by 
emphasizing actions in riparian and aquatic areas 
within Willamette Valley lowlands  

Goal 3: Work collaboratively with organizations and 
residents on watershed restoration, education and 
outreach, and monitoring 

Goal 4: Track watershed conditions and restoration 
success through monitoring and assessment 

Action Plan Strategies and Actions 
Greater Yamhill Watershed Restoration Action Plan’s strategies outline the direction and 
overall approach to achieve the Action Plan’s goals. The strategies provide the framework 
for the Council’s specific actions, including where and the partnerships that will be 
implemented to achieve the goals. The Action Plan strategies are as follows:   

• Organizational health 
• Partnerships with landowners 

and organizations 
• Education and outreach 
• On-the-ground-restoration 
• Monitoring 
• Assessment and reporting 
• Fundraising 
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Goal 1: Organize the Council for action 
The Greater Yamhill Watershed Council’s organizational structure and representation 
contributes to the Action Plan’s success. The Board’s diverse representation, experience, 
skills, and perspectives will guide the implementation of the Action Plan and help provide 
outreach and communication to the broader community and partner organizations. The 
Board will form Technical Advisory 
Committees (TACs) that will provide 
scientific and technical guidance and 
review for the Action Plan’s restoration 
projects and other activities. Council staff 
will implement projects under the 
guidance and review of the Board and 
TACs. 

Activities pursued under this goal will 
include reviewing Board membership, 
TAC representation, and staff skills to assure alignment with the Action Plan’s goals and 
activities. Gaps identified through this review will facilitate recruitment of new Board and 
TAC members and provide a framework for staff development.  

Strategy: Organizational Health 
Action 1-1 – Review Board membership and augment Board representation to facilitate 
implementation of the Action Plan 

Action 1-2 – Recruit a full working Board and implement Annual Work Plans for Board 
Directors 

Action 1-3

Strategy: Partnerships with Landowners and Organizations 

 – Identify and pursue opportunities for Board and Staff development and 
training 

Action 1-4 – Form an Action Plan implementation technical advisory committee (TAC) 

Action 1-5 – Identify landowners and recruit individuals from organizations who will help 
facilitate Action Plan implementation for Board and TAC membership 
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Action 1-6

Strategy: Education and outreach 

 – Develop and implement a 
communication plan to inform the general 
public, key partners, and stakeholders on the 
status of the watershed, Action Plan progress, 
and opportunities for engagement 

Action 1-7

Strategy: Fundraising 

 – Revise the Council’s website and 
regularly update the website and the Facebook 
page to facilitate community outreach 

Action 1-8

Goal 2: Concentrate the Council’s activities by emphasizing 
actions in riparian and aquatic areas within Willamette 
Valley lowlands 

 – Identify and recruit a range of funding sources to implement projects and to 
support watershed council capacity needs 

The Greater Yamhill Watershed Council will focus its activities within watershed areas 
where lowlands, agriculture, and urban areas are dominant. Relative to the forested Coast 
Range areas, the lowlands of the Willamette Valley, where intensive land uses are 
concentrated, have the poorest aquatic habitat and water quality. Within these areas, the 
Council will emphasize actions in streams, riparian corridors, and floodplains. It is important 
for the Council to stress working in the aquatic and riparian environment because other 
partner organizations, such as the Yamhill Partners for Land and Water, The Nature 
Conservancy, and the Soil and Water 
Conservation Districts, are focusing 
work in upland habitat areas such as 
prairies and oak woodlands. The Council 
will continue to work with these and 
other organizations, but with a 
concentration on stream, riparian and 
floodplain habitats.   
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The Greater Yamhill Watershed 
Restoration Action Plan will focus activities 
in the five watersheds where lowlands, and 
associated agricultural and urban land 
uses, are a key landscape component:  

• Chehalem Creek   
• North Yamhill River   
• South Yamhill River 
• Salt Creek 
• Yamhill River 

The emphasis on areas within these watersheds does not mean the Council will not pursue 
projects and outreach in the other watersheds where uplands and forestry are the 
dominant land uses. The Council will pursue as a priority addressing fish passage barriers 
and opportunistic projects and partnerships focused on in-stream habitat and other 
projects in these other watersheds, the Forested Upland Focus Area, comprised of the 
Upper South Yamhill River, Mill Creek and Willamina Creek Watersheds.  

Strategy: Education and outreach 
Action 2-1 – Promote best management practices, including tools and programs used by 
OSU Extension Service, Natural Resources Conservation Service (NRCS), SWCD’s, and 
Salmon-Safe 

Action 2-2 – Implement volunteer program for storm-drain markings 

Action 2-3 – Identify and complete at least one demonstration project in each watershed 

Action 2-4 – Facilitate watershed residents’ participation in salmon spawning surveys in 
collaboration with ODFW 

Action 2-5 – Pursue outreach opportunities, including participation in local events and 
partnerships with the through Evergreen Museum’s Wings & Waves Waterpark 

Action 2-6

  

 – Develop and implement targeted landowner/sector workshops to promote 
best management practices, including Salmon-Safe certifications 
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Strategy: On-the-ground restoration 
Action 2-7 – Implement aquatic and riparian projects and 
best management practices 

Action 2-8 – Implement fish passage improvements 
based on the 2013 Yamhill Watershed Culvert 
Prioritization and Action Plan for Fish Passage  

Action 2-9 – Implement stormwater and Low Impact 
Development (LID) projects and best management 
practices 

Action 2-10

Strategy: Monitoring 

 – Implement road and agricultural sediment control projects and best 
management practices 

Action 2-11 – Implement water quality monitoring projects 

Action 2-12

Strategy: Assessment and reporting 

 – Continue to participate and expand Yamhill Pesticide Stewardship Partnership 
(PSP) 

Action 2-13

Goal 3: Work collaboratively with 
organizations and residents on 
watershed restoration, education 
and outreach, and monitoring 

 – Complete rapid bioassessments of fish 
distribution and abundance in the streams throughout 
the North Yamhill, Willamina, and Mill Creek 
watersheds 

A number of organizations in the watershed are 
pursuing restoration and have unique expertise. 
Partnerships will enhance the Council’s capabilities and 
increase the pace and effectiveness of restoration. In 
addition to the organizations described on page 11 of 

Partnerships 

We can’t do it 
alone! 

Restoration at the scale of 
the Greater Yamhill 
Watershed is a big 

undertaking. Partnerships 
with other organizations 

enhance the Council’s 
capabilities to improve the 

watershed. 



  
 

Greater Yamhill Watershed Restoration Action Plan - 2013 Page 34 

this plan, the Council will strive to identify other local, 
state and national organizations that have missions in 
alignment with the Council’s watershed restoration 
activities.  

Through the development of the Greater Yamhill 
Watershed Restoration Action Plan, Salmon-Safe was 
identified as an organization that has a unique role in the 
watershed and that complements the Council’s mission. 

Salmon-Safe, a Portland-based non-profit, has a track 
record of applying environmental certification in Yamhill 
County and beyond as a strategy to inspire water quality 
protection and habitat conservation. More than a decade 
after certifying its first farms and vineyards in Yamhill 
County, Salmon-Safe has become one of the nation's 
leading regional eco labels with more than 80,000 acres 
of farm and urban lands certified in Oregon, Washington, 
California, and British Columbia.  

Salmon-Safe has become a leading U.S. certifier of ecologically 
sustainable viticulture with more than 250 Oregon and Washington 
vineyards achieving certification, including nearly half of the wine 
grape acreage in Oregon's Willamette Valley. Certification for 
winegrowers focuses on reducing runoff from hillside vineyards and 
enhancement of native biodiversity on vineyard sites. The Yamhill 
Watershed contains the largest concentration of Salmon-Safe 
certified vineyards in the Pacific Northwest.  

Salmon-Safe offers a series of peer-reviewed certification programs 
linking land management practices with the protection of agricultural and urban 
watersheds. Whether the site is farm, orchard, residential development, corporate or 
university campus, certification requires adopting management practices that protects 
water quality and restore habitat. With Salmon-Safe certification, landowners gain added-
value in the marketplace, improve watershed habitat and water quality, and contribute to 
salmon recovery.  

Salmon-Safe focuses on 
improving practices in 
these areas:  

• Riparian areas  
• Water use  
• Erosion and 

sediment control 
• Fish passage 
• Integrated pest 

management 
• Animal 

management 
• Enhancing 

habitat and 
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Salmon-Safe’s certification program complements the Council’s watershed restoration 
mission. Building on Salmon-Safe’s success with Yamhill Watershed winegrowers, the 
Council will engage local partners, landowners, and institutions to facilitate participation in 
Salmon-Safe certification. The Council will collaborate with Salmon-Safe to pursue a long-
term, whole-watershed approach, targeting a range of agricultural and other sectors and 
land uses, including urban areas, to improve management practices at a landscape scale. 

Strategy: Organizational and landowner partnerships   
Action 3-1 – Define roles, responsibilities, and actions to pursue with key partners 

Action 3-2 – Work in collaboration with Salmon-Safe to define, roles, responsibilities, and 
actions, including grant proposals and other fund-raising strategies, to pursue with Salmon-
Safe 

Action 3-3 – Pursue partnerships with growers, SWCD's, and Salmon-Safe to promote 
agriculture-focused best management practices, including Salmon-Safe certification  

Action 3-4 – Pursue partnerships and projects with landowners of forested uplands, 
including Confederated Tribes of the Grand Ronde, BLM, and private forest landowners 

Action 3-5 – Pursue partnerships with cities, corporations, residential developers, and 
universities to promote urban-focused best management practices, including Salmon-Safe 
certification 

Action 3-6 – Pursue partnerships with natural area and park land management groups to 
promote natural area-focused best management practices, including Salmon-Safe 
certification 

Action 3-7 – Explore collaborations with partners, including the YSWCD and Salmon-Safe, to 
communicate pesticide monitoring results to agricultural landowners, improve involvement 
in the PSP, and to promote landowner involvement in conservation practices utilized by 
Salmon-Safe, the YSWCD, Natural Resources 
Conservation Service (NRCS), and other 
partners 

Action 3-8 – Pursue partnerships with other 
watershed councils to maximize staff and 
council resources effectively and efficiently  
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Goal 4: The Council tracks watershed 
conditions and restoration success 
through monitoring and assessment 
The Greater Yamhill Watershed Council is committed to 
understanding watershed conditions in order to target 
restoration actions, measure progress in watershed conditions over time, and evaluate the 
success of on-the-ground restoration and other actions. Targeted information collection 
and reporting will help inform the Council, partner organizations, and stakeholders on the 
status of the watershed’s resources and help to target restoration activities to the locations 
where they are most effective.  

The Council has collected information to assess watershed conditions, including water 
quality and fish passage barrier in formation. With the exception of the fish barrier 
information, which has been analyzed and reported, the Council’s water quality data have 
not be organized or summarized in a manner that provides a comprehensive assessment of 
the watershed conditions.   

The Council, in coordination with partnership organizations, will summarize past data 
collection efforts and implement a systematic data collection process that is designed to 
assess the status of the watershed, help target restoration areas and activities, and to 
evaluate improvements in watershed conditions over time. The monitoring and assessment 
activities will include water quality collection and reporting, fish presence and spawning 
inventories, fish passage barrier assessments, and post-restoration project monitoring. The 
Council will synthesize and summarize the collected data and other information into a 
periodic “state of the watershed” report that will communicate findings to partner 
organizations, watershed residents, and other stakeholders.   

Strategy: Organizational and landowner partnerships 
Action 4-1

Strategy: Assessment and reporting 

 – Pursue monitoring and assessment partnerships with Confederated Tribes of 
the Grand Ronde, BLM, SWCDs, Cities, Counties, PSPs, and Salmon-Safe 

Action 4-2 – Provide periodic “state of the watershed” report (synthesize water quality, 
rapid bioassessment, and other information) 
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Action Plan Phasing  
Greater Yamhill Watershed Restoration 
Action Plan outlines actions that will be 
pursued over a five year period. The Greater 
Yamhill Watershed Council’s Board and 
Action Plan TAC will review Council activities 
within the framework of the Action Plan on 
an annual basis. Based on this review and an 
assessment of staffing and funding, the 
Council and TAC will develop and approve a work plan that will outline the actions to be 
pursued through the course of the year. 

Year 1 activities will focus on organizing the Council and TAC to support the implementation 
of the Action Plan. Year 1 activities will focus on the following:  

• Review Board membership, augment Board representation, recruit working Board 
members, and implement Annual Work Plans for Board Directors; 

• Organize an Action Plan implementation technical advisory committee (TAC); 
• Develop and implement a communication plan to inform partner organizations, the 

watershed community, and other stakeholders about the Council’s activities and 
opportunities for engagement;  

• Pursuing partnerships with other organizations, including implementing Salmon-
Safe certification in priority watershed areas;  

• Pursue specific outreach activities, including the Evergreen Museum’s Wings and 
Waves Waterpark and existing community events 

• Implementing specific on-the-ground restoration projects, with an emphasis on 
addressing fish passage barriers;  

• Identifying landowners for demonstration projects; and  
• Implementing targeted monitoring and watershed assessment actions, including 

continued involvement in the PSPs, and collecting information on fish presence and 
distribution.    
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Appendix A: Compiled Action Plan Strategies and Actions 

 

Action Plan Goals 
Goal 1: Organize the Council for action  

Goal 2: Concentrate the Council’s activities by emphasizing actions in riparian and aquatic areas within Willamette Valley 
lowlands  

Goal 3: Work collaboratively with organizations and residents on watershed restoration, education and outreach, and monitoring 

Goal 4: Track watershed conditions and restoration success through monitoring and assessment 

 
 

 Strategy  Greater Yamhill Watershed Action Plan – Actions 
Organizational 
health 

Action 1-1 – Review Board membership and augment Board representation to facilitate implementation of the Action Plan 
Action 1-2 – Recruit a full working Board and implement Annual Work Plans for Board Directors 
Action 1-3 – Identify and pursue opportunities for Board and Staff development and training 
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 Strategy  Greater Yamhill Watershed Action Plan – Actions 
Partnerships 
with 
landowners and 
organizations 

Action 1-4 – Form an Action Plan implementation technical advisory committee (TAC) 
Action 1-5 – Identify landowners and recruit individuals from organizations who will help facilitate Action Plan implementation for 
Board and TAC membership 
Action 1-6 – Develop and implement a communication plan to inform the general public, key partners, and stakeholders on the 
status of the watershed, Action Plan progress, and opportunities for engagement 
Action 3-1 – Define roles, responsibilities, and actions to pursue with key partners 
Action 3-2 – Work in collaboration with Salmon-Safe to define, roles, responsibilities, and actions, including grant proposals and 
other fund-raising strategies, to pursue with Salmon-Safe 
Action 3-3 – Pursue partnerships with growers, SWCD's, and Salmon-Safe to promote agriculture-focused best management 
practices, including Salmon-Safe certification  
Action 3-4 – Pursue partnerships and projects with landowners of forested uplands, including Confederated Tribes of the Grand 
Ronde, BLM, and private forest landowners 
Action 3-5 – Pursue partnerships with cities, corporations, residential developers, and universities to promote urban-focused best 
management practices, including Salmon-Safe certification 
Action 3-6 – Pursue partnerships with natural area and park land management groups to promote natural area-focused best 
management practices, including Salmon-Safe certification 
Action 3-7 – Explore collaborations with partners, including the YSWCD and Salmon-Safe, to communicate pesticide monitoring 
results to agricultural landowners, improve involvement in the PSP, and to promote landowner involvement in conservation 
practices utilized by Salmon-Safe, the YSWCD, Natural Resources Conservation Service (NRCS), and other partners 
Action 3-8 – Pursue partnerships with other watershed councils to maximize staff and council resources effectively and efficiently 
Action 4-1 – Pursue monitoring and assessment partnerships with Confederated Tribes of the Grand Ronde, BLM, SWCDs, Cities, 
Counties, PSPs, and Salmon-Safe 
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 Strategy  Greater Yamhill Watershed Action Plan – Actions 
Education and 
outreach 

Action 1-7 – Revise the Council’s website and regularly update the website and the Facebook page to facilitate community 
outreach 
Action 2-1 – Promote best management practices, including tools and programs used by OSU Extension Service, Natural Resources 
Conservation Service (NRCS), SWCD’s, and Salmon-Safe 
Action 2-2 – Implement volunteer program for storm-drain markings 
Action 2-3 – Identify and complete at least one demonstration project in each watershed 
Action 2-4 – Facilitate watershed residents’ participation in salmon spawning surveys in collaboration with ODFW 
Action 2-5 – Pursue outreach opportunities, including participation in local events and partnerships with the through Evergreen 
Museum’s Wings & Waves Waterpark 
Action 2-6 – Develop and implement targeted landowner/sector workshops to promote best management practices, including 
Salmon-Safe certifications 

On-the-ground-
restoration 

Action 2-7 – Implement aquatic and riparian projects and best management practices 
Action 2-8 – Implement fish passage improvements based on the 2013 Yamhill Watershed Culvert Prioritization and Action Plan for 
Fish Passage  
Action 2-9 – Implement stormwater and Low Impact Development (LID) projects and best management practices 
Action 2-10 – Implement road and agricultural sediment control projects and best management practices 

Monitoring Action 2-11 – Implement water quality monitoring projects 
Action 2-12 – Continue to participate and expand Yamhill Pesticide Stewardship Partnership (PSP) 

Assessment and 
reporting 

Action 2-13 – Complete rapid bioassessments of fish distribution and abundance in the streams throughout the North Yamhill, 
Willamina, and Mill Creek watersheds 
Action 4-2 – Provide periodic “state of the watershed” report (synthesize water quality, rapid bioassessment, and other 
information) 

Fundraising Action 1-8 – Identify and recruit a range of funding sources to implement projects and to support watershed council capacity needs 
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The Oregon Climate Change Adaptation Framework 

Climate variability and change have already begun to affect Oregon, including Oregon’s 
marine environments, forestlands, agriculture, and transportation infrastructure. Over the 
next few decades, indicators show that Oregon’s natural resources, infrastructure, and 
people will likely face more severe impacts from climate change.  

Oregon’s climate is marked by variability, and that variability alone has caused or 
contributed to significant ecosystem and economic damage to infrastructure through 
floods, landslides and forest fires. In addition to the effects of normal variability in 
Oregon’s climate, significant changes in temperature, precipitation patterns, and other 
climate factors like ocean conditions are expected to increasingly affect Oregon’s 
communities, natural resources, and economy. As with the effects of climate variability, 
long-term changes in climate conditions have the potential to result in very costly 
conditions and outcomes. Natural hazards, water supply problems, drought, habitat 
changes and loss of ecosystem services will all affect Oregon’s citizens, communities, 
and economy. But fortunately, many of the potential costs and consequences of climate 
change may be anticipated and planned for. As such, it is both prudent and important to 
develop measures, programs and approaches to reduce the costs of climate variability and 
change on Oregon. 

In October 2009, Governor Kulongoski asked the directors of several state agencies, 
universities, research institutions and extension services to develop a climate change 
adaptation plan. Among other things, the plan would provide a framework for state 
agencies to identify authorities, actions, research, and resources needed to increase 
Oregon’s capacity to address the likely effects of a changing climate.  

Given the broad range of expected changes to Oregon’s climate in the coming decades, 
the breadth of state-level responsibilities, authorities, and programs that will likely need 
to respond to the effects of future climate conditions, and limited time, it has only been 
possible to begin the development of a climate change adaptation strategy for Oregon. 
This report constitutes a framework for the continued development of strategies and plans 
to address future climate conditions. This Climate Change Adaptation Framework 
provides context, identifies risks, lays out short-term priorities, and provides momentum 
and direction for Oregon to prepare for future climate change.  

The framework has been developed in parallel with the Oregon Climate Assessment 
Report (OCAR) by the Oregon Climate Change Research Institute (OCCRI). The OCAR 
and this framework are intended to complement each other. The OCAR identifies the 
most likely impacts from climate change, which will help the state prioritize resources to 
prepare for and adapt to a changing and variable climate. The OCCRI assisted in the 
development of this Framework. 

This Framework lays out expected climate-related risks, the basic adaptive capacity to 
deal with those risks, short-term priority actions, and several steps that will evolve into a 
long-term process to improve Oregon’s capacity to adapt to variable and changing 
climate conditions. It will be necessary to continue to develop adaptation strategies and 
plans, in particular at the regional and local level. Finally, more effort needs to be made 
to identify resource management and economic opportunities that climate change might 
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present for Oregon. This Framework positions Oregon to take effective early steps to 
avoid some of the most costly potential consequences of climate change. 
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The Oregon Climate Change Adaptation Framework  
Summary of Key Findings and Recommendations 

 [Return to Table of Contents] 

There is abundant evidence that Oregon is already experiencing the effects of climate 
change. The Oregon Climate Assessment Report documents these effects and describes 
the more pronounced changes that are expected to occur in the coming decades. Climate 
change will affect all Oregonians, all Oregon communities, our natural resources, and our 
businesses. 

At the same time that climate change is beginning to affect us, state, local and private 
resources to begin to prepare for these changes are under historic stress. This interim 
report by the state recognizes these fiscal realities, and (as a result) focuses on providing 
decision-makers with information about what things are most important to do (or avoid 
doing) in an era of very limited resources. Only actions that involve little or no cost are 
proposed at this time, even though we also recognize that investments now may yield 
very substantial long-term benefits 

This introduction to the Oregon Climate Change Adaptation Framework summarizes the 
key findings and recommendations of the participants in this initial effort to review the 
emerging science on climate change and evaluate what our priorities should be at a state-
wide level in terms of preparing people, communities and resources for the coming 
changes. Among the key recommendations is that we broaden this work to include 
private sector interests along with our federal, tribal, and local counterparts. A major 
determinant of what new actions to recommend is our initial assessment of costs and 
benefits.  

History and Purpose 
In early 2008 the Governor’s Climate Change Integration Group (CCIG), made up of 
state, federal, and local government representatives, industry leaders, and nonprofit 
organizations, produced Oregon’s Framework for Addressing Rapid Climate Change. 
The CCIG’s framework presented the broad scope of needed work related to climate 
change in four elements: preparation and adaptation; mitigation; education and outreach; 
and research. At the time, Oregon had already made some progress in mitigation, and had 
begun to invest in research. Since then, there has been some further progress in mitigation 
and research, and some initial efforts related to preparation and adaptation.  

In October 2009, Governor Kulongoski asked state agencies and partners in Oregon’s 
University System to develop an initial framework for determining what the most 
important risks are to the state related to climate change, and initial recommendations for 
how to begin preparing for those risks. This Framework is the result of that initiative. The 
Climate Change Adaptation Framework is the first step in a long-term process to identify 
key risks and measures to reduce Oregon’s vulnerability to the effects of climate 
variability and change. This framework presents a broad-scale qualitative assessment of 
risks to people, infrastructure, communities and natural resources that are expected to 
result from the effects of variable and changing climate conditions. More importantly, 
this framework identifies several concrete actions the state should consider taking to 
begin to prepare for and adapt to the effects of climate variability and change. 
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The purposes of this framework are to 

 Identify likely future climate conditions that pose major risks for Oregonians. 

 Assess the capacity of state programs to effectively address climate-related risks 
to people, communities, infrastructure, and natural resources. 

 Identify short-term and low- or no-cost priority actions to prepare for those risks. 

 Provide context and initial direction for additional coordination and planning for 
future climate conditions.  

In developing this framework, Oregon has begun to address several of the CCIG’s 
recommendations, including the following: 

 Determine how climate change will affect Oregon’s diverse regions. 

 Assist Oregon institutions and individuals in responding to climate change. 

 Transform our planning processes to deal with climate change. 

 Incorporate the public health implications of climate change. 

 Continue to develop and refine a climate change research agenda for Oregon. 

This framework is only an initial step; it by no mean completes the work needed to fully 
implement these recommendations. Considerable work will be needed, especially in 
collaboration with Oregonians, local governments, Native American tribal governments, 
and federal agencies, to fully address climate risks to Oregon.  

Scoping Climate Risks 
In late 2009, an interagency work group was convened to develop this framework. The 
work group’s first two tasks were to identify likely changes in Oregon’s climate 
conditions and the likely consequences of those changes over the next 40 to 50 years. The 
work group identified several dozen likely changes in four areas: built and developed 
systems, ecosystems, public health and safety, and Oregon’s economy. In consultation 
with the Oregon Climate Change Research Institute (OCCRI) and state agencies, the 
workgroup ultimately combined the likely changes in Oregon into eleven categories that 
are likely to occur over the next four to five decades. In this framework, these likely 
changes are defined as climate risks.  

As the work group refined the inventory of risks, characterizing the risks to economic 
systems became more and more difficult. More to the point, very little information is 
available on the likely economic effects of climate change in Oregon. Risks to Oregon’s 
economy that were identified by the work group were really risks to other systems 
restated in very general economic terms. In other words, climate-related risks to Oregon’s 
economy reflected the economic consequences of risks to natural systems, built and 
developed systems, and public health and safety. In the end, while this framework 
attempted to include the economic effects of future climate conditions within its scope, 
there is little information available to do so with confidence at this point in time. Further 
collaboration with economists and organizations outside government is necessary to 
improve the assessment of the possible or likely economic consequences of climate 
change on Oregonians and the state at a whole.  
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The eleven climate risks listed below and in the table later in this Summary of Key 
Findings and Recommendations constitute the substantive foundation for the adaptation 
framework. Climate risks have varying degrees of likelihood; that is, not all the identified 
climate risks are equally likely to occur in Oregon. The risks are listed according to 
likelihood levels; the three levels of Very likely, Likely, and More likely than not 
correspond roughly to 90 percent, 66 percent, and 60 percent confidence levels, 
respectively. In planning for future climate conditions, it will be important to recognize 
variability and uncertainty in climate risks.  

Potential Consequences of Climate Risks 
The work group compiled a survey of likely consequences for each climate risk. Some of 
the consequences are summarized below. The summaries are by no means exhaustive, but 
rather are intended to help identify state responsibilities and programs that will likely 
need to prepare for and adapt to the effects of climate change.  

Risks that are Very likely to occur 

Risk 1. Increase in average annual air temperatures and likelihood of extreme heat 
events. 

Overall, increased average air temperatures will result in increased water 
temperatures and reduced flows in streams, which over the long term will cause shifts 
in aquatic habitats, species, and communities. There is serious risk that increased 
average air temperatures will affect water temperatures and aquatic habitats to the 
extent that important core populations of salmonids will go extinct. 

Heat waves will result in increased deaths and illness among vulnerable human 
populations. The elderly, infants, chronically ill, low income communities, and 
outdoor workers are the main groups threatened by heat waves. Higher temperatures 
increase the threat of human illness from both waterborne diseases and vector borne 
illnesses. In addition, heat waves, drought and changes in hydrology will contribute to 
an increase in the threat of wildfire, which will result in increased exposure of 
vulnerable populations to smoke. (See risk 8). 

Risk 2. Changes in hydrology and water supply; reduced snowpack and water 
availability in some basins; changes in water quality and timing of water availability 

Changes in hydrologic patterns in some Oregon basins will affect supplies of water 
for all uses, and will contribute to increased water quality problems. Reduced 
availability of water will affect junior irrigators, change water supply planning in 
many basins, and affect the quality and availability of water for some public drinking 
water systems. Proposals for surface water storage may increase.  

Changes in the timing and quality of available water will affect aquatic, wetland, and 
riparian ecosystems and species, especially species that need adequate water in stream 
to survive and populations that are already identified as threatened or endangered. 
Hydrologic changes will exacerbate temperature-related water quality problems. 

Water users suffering the most adverse consequences will be irrigators. Irrigated 
agriculture is a primary economic driver in Oregon, so without careful planning for 
the consequences of climate change, the Oregon economy may suffer significantly. 
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Changes in hydrology have the potential to significantly affect agricultural 
productivity until crops suited to new hydrologic conditions are developed.  

Risks that are Likely to occur 

Risk 3. Increase in wildfire frequency and intensity 

Increased temperatures, the potential for reduced precipitation in summer months, and 
accumulation of fuels in forests due to insect and disease damage (particularly in 
eastside forests) present high risk for catastrophic fires. An increase in frequency and 
intensity of wildfire will damage larger areas, and likely cause greater ecosystem and 
habitat damage. Larger and more frequent wildfires will increase human health risks 
due to exposure to smoke. 

Increased risk of wildfire will result in increased potential for economic damage at 
the urban-wildland interface. Wildfires destroy property, infrastructure, commercial 
timber, recreational opportunities, and ecosystem services. Some buildings and 
infrastructure subject to increased fire risk may not be adequately insured against 
losses due to fire. Increased fire danger will increase the cost to prevent, prepare for, 
and respond to wildfires. 

Risk 4. Increase in ocean temperatures, with potential for changes in ocean 
chemistry and increased ocean acidification 

Ocean acidification will have a negative effect on some marine species and could 
result in dramatic changes in marine and estuarine ecosystems. Changes in 
temperature and upwelling may be positive for some species and negative for others 
off of Oregon. If there are large increases in hypoxia, there is a potential for 
significant restructuring of the ecological communities on the ocean floor off of 
Oregon. Population variation of many marine species is likely to increase due to 
direct biological effects of climate change and indirect cascading ecological effects.  

Risk 5. Increased incidence of drought 

Longer and drier growing seasons and drought will result in increased demand on 
ground water resources and increased consumption of water for irrigation, which will 
have potential consequences for natural systems. Droughts affect wetlands, stream 
systems, and aquatic habitats. Drought will result in drier forests and increase 
likelihood of wildfire.  

Droughts will cause significant economic damage to the agriculture industry through 
reduced yields and quality of some crops. Droughts can increase irrigation-related 
water consumption, and thus increase irrigation costs. Drought conditions can also 
have a significant effect on the supply of drinking water. 

Risk 6. Increased coastal erosion and risk of inundation from increasing sea levels 
and increasing wave heights and storm surges 

Increased wave heights, storm surges, and sea levels can lead to loss of natural 
buffering functions of beaches, tidal wetlands, and dunes. Accelerating shoreline 
erosion has been documented, and is resulting in increased applications for shore 
protective structures. Shoreline alterations typically reduce the ability of beaches, 
tidal wetlands, and dunes to adjust to new conditions.  
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Increasing sea levels, wave heights and storm surges will increase coastal erosion and 
likely increase damage to private property and infrastructure situated on coastal 
shorelands. Coastal erosion and the common response to reduce shoreland erosion 
can lead to long-term loss of natural buffering functions of beaches and dunes. 
Applications for shoreline alteration permits to protect property and infrastructure are 
increasing, but in the long term they reduce the ability of shore systems to adjust to 
new conditions. 

Risk 7. Changes in abundance and geographical distributions of plant species and 
habitats for aquatic and terrestrial wildlife 

Changes in temperature and precipitation regimes will result in a gradual migration of 
some species and habitats north and to higher elevations. Species that cannot migrate 
or shift their range quickly enough to respond to climate change, or that have specific 
life-history needs that cannot be met through migration, will likely experience a 
decline in population numbers, potentially leading to extinction. 

Changes in temperatures and hydrology will affect aquatic, wetland, and riparian 
ecosystems and species, especially species or population units that are already 
identified as threatened or endangered. 

Risk of damage by insect and plant pests, which can result in significant damage to 
native species and communities, will increase with warmer temperatures. Alterations 
to the species composition of native ecosystems will likely result in a decline in 
important ecosystem services, including water quality and quantity, carbon storage, 
soil stabilization, flood control, and nutrient cycling.  

Risk 8. Increase in diseases, invasive species and insect, animal and plant pests 

Invasive species can negatively impact native plants, fish, and wildlife in agricultural 
ecosystems by displacing native species, changing habitat characteristics, consuming 
significant amounts of water, and changing fire regimes. Invasive species are already 
very costly to Oregon’s forests, grasslands, and wetlands, and agricultural economy.  

Spread of infectious diseases in the United States and in the Pacific Northwest is 
occurring, with increased vulnerability of human populations to existing and 
emerging conditions. The West Nile Virus, Hanta Virus and Cryptococcus Gattii have 
all emerged recently in the Pacific Northwest.  

Risk 9. Loss of wetland ecosystems and services 

Wetlands play key roles in major ecological processes and provide a number of 
essential ecosystem services, such as flood reduction, groundwater recharge, pollution 
control, recreational opportunities, and fish and wildlife habitat, including for 
endangered species. Only about 38 percent of the wetlands that were in Oregon at the 
start of European settlement remain as wetlands today, because of conversions for 
various other land uses. As such, increases in air temperature and changes in 
hydrology will exacerbate impacts to already degraded and fragmented wetland 
ecosystems. The consequences for losing wetland ecosystems and their associated 
services will potentially affect all of Oregon’s systems—natural, built and developed 
systems, public health and safety, and Oregon’s economy.  
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Examples of the effects of a loss or reduction in wetland ecosystem services include 
increased flood damage to residences, commercial buildings, bridges, culverts, and 
roadways; increased need for new and expanded drinking water treatment facilities; 
and increased need for water storage facilities for flood control and to meet seasonal 
water demand.  

The loss of wetland ecosystems and services will have indirect consequences on a 
range of economic activities. Loss of coastal wetlands that provide habitats can 
eventually reduce the value of Oregon’s commercial and recreation fishing industries. 
Loss of seasonal wetlands and coastal wetlands will impact waterfowl and shorebird 
populations and may reduce the revenue generated from hunting, birding, and other 
recreation activities. Loss of wetlands that provide flood protection may result in 
higher damage costs as a result of increased flood related damages. Loss of wetlands 
that purify water may result in the need for expanded or additional drinking water 
treatment facilities. Loss of wetlands that provide water storage may result in the need 
for the construction of expanded and additional infrastructure to prevent flooding and 
to meet summer time water demands.  

Risks that are More likely than not to occur 

Risk 10. Increased frequency of extreme precipitation events and incidence and 
magnitude of damaging floods  

Extreme precipitation events have the potential to cause localized flooding due partly 
to inadequate capacity of storm drain systems. Extreme events can damage or cause 
failure of dam spillways. Increased incidence and magnitude of flood events will 
increase damage to property and infrastructure, and will increase the vulnerability of 
areas that already experience repeated flooding. Areas thought to be outside the 
floodplain may now experience flooding. Many of these areas have improvements 
that are not insured against flood damage, and thus floods will probably result in 
catastrophic property damage and losses.  Finally, increased flooding will increase 
flood-related transportation system disruptions, thereby affecting the distribution of 
water, food, and essential services. 

Risk 11. Increased incidence of landslides 

Increased landslides will cause increased damage to property and infrastructure, and 
will disrupt transportation and the distribution of water, food, and essential services. 
Widespread damaging landslides that accompany intense rainstorms (such as 
“pineapple express” winter storms) and related floods occur during most winters. 
Particularly high-consequence events occur about every decade; recent examples 
include those in February 1996, November 2006 and December 2007. 

Selecting Short-Term Priority Actions 
Once the work group finalized its inventory of climate risks, the next tasks were 1) to 
assess the basic state agency capacities to address the identified risks; and 2) to compile a 
list of immediate or short-term actions that are needed to improve Oregon’s capacity to 
address the risks. This effort was primarily an initial scoping exercise. Over the course of 
about two months in early 2010, the work group listed about 120 mostly short-term 
actions that are needed to effectively address the identified risks. Finally, resource 
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considerations made it paramount to limit the list of needed actions to a few relatively 
low-cost actions. All the identified actions are listed in summary form under each risk in 
section 2 of the framework. 

Clearly, given the state general fund budget situation that has developed since early 2010, 
new resources are not likely to be available to implement any more than only a few of the 
needed actions, if any. It thus became necessary to identify a limited set of top priority, 
short-term, low-cost actions from the list. In consultation with agency directors, the work 
group prioritized needed actions according to the estimated costs and benefits of each one 
relative to all the other actions. In selecting priority actions, the workgroup based its 
assessment on a very general idea of the relative magnitude of the costs and benefits for 
each of the actions. In attempting to narrow its focus on low cost, high benefit actions, 
the work group assigned high, medium, and low cost and benefit values to each action, 
relative to the costs and benefits of the other actions, using the following guidelines in the 
evaluation:  

Costs  

 Costs to the state: The approximate personnel cost to implement the action.  

 Costs to private landowners and businesses: Costs to private parties and 
businesses of implementing the action. 

 Costs to the public and to particular communities: All other costs to the public, 
including infrastructure costs and costs to local governments. 

Benefits 

 Higher priority actions respond to higher likelihood of risks. 

 Avoided costs: Reduced losses and damage from climate conditions that will be 
achieved in a 30-40 year timeframe if the actions are implemented now. 

 Higher priority actions address the effects of more than one risk. 

Finally, after compiling the information on risks, needed actions, and the relative costs 
and benefits of a set of “first cut” needed actions, the agency directors overseeing 
development of the framework made a final selection of short-term priority actions, 
which are central to the framework, for implementation in the 2011-2013 biennium. 

More time and considerably more detailed information about the costs and likely benefits 
of needed actions are needed to improve the process of identifying priority actions. The 
work group’s inventory of gaps and actions is by no means exhaustive, nor is it intended 
to be the last word in identifying climate change adaptation priorities. This framework 
represents a starting point and initial assessment of state capacity to deal with present and 
future climate risks. 

The table on the following pages lists the short-term priority actions needed to improve 
Oregon’s capacity to address the identified climate risks.  

 



 

Climate Risks and  
Short-Term Priority Actions 

Very likely to occur 

1. Increase in average annual air temperatures and likelihood of extreme heat 
events 

 Enhance and sustain public health system capacity to prepare for and respond to 
heat waves and smoke emergencies, and improve delivery of information on 
heat events and cooling centers, especially for isolated and vulnerable 
populations.  

2. Changes in hydrology and water supply; reduced snowpack and water 
availability in some basins; changes in water quality and timing of water 
availability 

 Maintain the capacity to provide assistance to landowners to restore wetlands, 
uplands and riparian zones to increase the capacity for natural water storage. 

 Improve real-time forecasting of water delivery and basin yields to improve 
management of stored water. 

 Improve capacity to provide technical assistance and incentives to increase 
storage capacity and to improve conservation, reuse, and water use efficiency 
among all consumptive water uses.  

Likely to occur 

3. Increase in wildfire frequency and intensity 

 Include wildfires in planning to reduce vulnerability to natural hazards.  

 Restore fire-adapted ecosystems to withstand natural recurring wildfires. 

 Develop short- and medium-term climate change adaptation strategies for 
forests and other fire-prone habitats, and improve development standards to 
reduce exposure to fire risk at the urban-wildland interface. 

 Improve the capabilities of public health agencies to plan for and respond to the 
public health and safety risks of wildfire emergencies. 

4. Increase in ocean temperatures, with potential for changes in ocean 
chemistry and increased ocean acidification 

 Increase research on the impacts of changes in ocean temperature and chemistry 
on estuarine and near-shore marine habitats and resources, including 
commercial and recreational fisheries. 

5. Increased incidence of drought 

 Improve capacity to provide technical assistance and incentives to increase 
storage capacity and to improve conservation, reuse, and water use efficiency 
among all consumptive water uses. 
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6. Increased coastal erosion and risk of inundation from increasing sea levels 
and increasing wave heights and storm surges  

 Inventory and map coastal shorelands that are at risk of erosion or inundation, or 
are barriers to shoreline migration, and develop long-term state and local 
adaptation strategies for shorelands. 

7. Changes in the abundance and geographical distributions of plant species 
and habitats for aquatic and terrestrial wildlife  

 Identify ways to manage ecosystems that will improve their resilience to 
changes in climate conditions. 

8. Increase in diseases, invasive species, and insect, animal and plant pests 

 Increase monitoring, detection and control measures for pest insects and plant 
and wildlife diseases. 

 Increase surveillance and monitoring for climate-sensitive infectious diseases to 
humans. 

 Increase outreach and community education about disease and invasive species 
prevention measures. 

 Seek new means of securing resources to detect and combat diseases and 
invasive species. 

9. Loss of wetland ecosystems and services 

 Support implementation of priority actions for Risks 2, 5, 6, 7, and 10 related to 
hydrologic changes, drought, coastal erosion and inundation, habitats, and 
flooding. 

More likely to occur than not  

10. Increased frequency of extreme precipitation events and incidence and 
magnitude of damaging floods 

 Inventory past flood conditions and define and map future flood conditions. 

 Improve capability to rapidly assess and repair damaged transportation 
infrastructure, in order to ensure rapid reopening of transportation corridors.  

11. Increased incidence of landslides 

 Develop public education and outreach on landslide risks and how to adapt to 
landslide risks. 

Existing Adaptive Capacity 
The state and local communities are not without resources already to begin to adapt to the 
effects of climate change. Important elements of Oregon’s basic capacity to adapt to the 
effects of future climate conditions include the following: 

 Oregon has a strong capacity at present to respond to wildfires. 
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 Oregon is making investments to restore and protect ecosystem services like 
habitats, riparian structure, and wetlands, which will reduce or mitigate the effects 
of future climate conditions on people, communities and infrastructure.  

 Oregon’s wetland and waterway regulatory program protects important ecosystem 
services that will become increasingly important in a changing climate. 

 There is some capacity at the state and local level to respond to emergency events 
like floods, fires, and windstorms to reduce damage and loss of life. 

 Local land use plans are required to identify significant natural resources—
including wetlands and riparian areas—that help reduce or mitigate the effects of 
future climate conditions on people, communities and infrastructure. 

 Local land use plans are required to identify natural hazards that are subject to 
climate change, like flood, landslides, and coastal erosion. 

 Oregon has an extensive network of state and county public health officials and 
authorities. 

The current and future ability to successfully adapt to climate risks will rely in part on 
maintaining these and other program capabilities at the state level.  

Implementing the Framework 
Implementing the short-term priority actions will get Oregon started on a long-term path 
to improve community resilience across the state. Implementing the priority actions will 
begin the process of factoring information on climate risks into a broad suite of decisions 
at the federal, tribal, state and local level that affect land use, infrastructure, and natural 
resources over the next 30 to 40 years. But if implementation of the framework is limited 
to just the priority actions, several important issues will remain unaddressed. The 
framework includes a series of recommendations related to these issues, which 
themselves are not tied exclusively to any one risk. 

1. Identify Research Needed for Management 

Just like all planning efforts, the anticipated future conditions that form the 
foundation for the framework involve some uncertainty. Further planning for climate 
change should involve continued identification of needed research to help ensure that 
measures being considered are the most appropriate measures. In particular, research 
is needed on the potential economic costs and benefits of alternative adaptation 
strategies. 

Recommendation for Research 

 Compile an inventory of research needed to improve the effectiveness of 
adaptation measures at the state and local levels. 

 2. Monitoring for Management 

Monitoring is an underappreciated element of effective resource management. 
Oregon agencies draw on information from many sources, and may monitor a variety 
of conditions, to improve agency efficiencies and the management of resources. The 
foundation of information for managing natural resources and state infrastructure 
could be improved, however, and such improvements will almost invariably improve 
Oregon’s ability to respond to the effects of future climate conditions.  
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Recommendation for Monitoring 

 Compile an inventory and maps of current surveillance (for diseases) and 
monitoring (for environmental conditions) efforts, and assess the feasibility of 
integrating different monitoring efforts into a statewide monitoring system. 

3.  Agency Program Assessments 

State agencies already have some important capacities to prepare for, respond, and 
adapt to the effects of future climate conditions. However, the challenge that climate 
variability and change present to Oregon agencies is that conditions are changing 
faster than has generally been experienced before. Therefore, it is important that 
agency policy, program, and permit choices in the future incorporate information 
about likely future climate conditions, so as to avoid policies that might have clear 
climate-related future costs.  

Recommendation for Agency Program Assessments 

 State agencies should undertake an initial broad-scale assessment to identify 
policy and program elements that could result in decisions that place people, 
resources or infrastructure at risk. 

4. Integrating Economic Information into Adaptation Planning 

Development of this framework has been somewhat hampered by the absence of 
reliable information about either 1) the economic costs of projected changes to 
Oregon’s climate, especially over time; and 2) the likely cost to effectively respond to 
such changes, especially at the local level. The framework had to be developed on the 
basis of the estimated magnitude of costs—of both the effects of climate conditions 
and actions to address those effects—relative to other effects and actions. It is 
necessary to improve the economic foundation for future adaptation planning.  

Recommendation for Economic Information 

 Agencies should work with economists and climate adaptation specialists and 
existing groups or institutes with expertise in economics to compile a white paper 
to frame the economic questions, analyses, and data that can be used to improve 
the effectiveness of planning for climate variability and change. 

5. Mainstreaming Adaptation  

Climate variability and change will affect all of the agencies that developed this 
framework and nearly every sector of Oregon’s economy in the coming decades. 
Mounting and maintaining an effective response effort within state government will 
require ongoing coordination and collaboration between agencies. Given the 
continuing long-term challenge, climate preparation and adaptation needs to be 
‘mainstreamed’ into agency programs and operations. 

Recommendation for Mainstreaming Adaptation 

 The agency directors’ group and the interagency work group that have developed 
the framework should be formalized. The directors, as a steering group, should 
provide oversight for the coordinated implementation of the short-term priority 
actions and the implementation recommendations outlined here.  
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6. Intergovernmental Coordination 

Building resilience to the effects of climate change will require coordination among 
all levels of government, and should include non-government entities as well. The 
most effective adaptation strategies will be implemented at the local or regional level, 
but may well be a function of state or federal initiatives. The private and non-profit 
sectors will also be actively engaged at the local, statewide, and national scale in 
building resilience in areas such as the economy and social welfare. Activities at all 
levels will need to be coordinated to assure cost effectiveness and to avoid working at 
cross-purposes.  

 Recommendation for Intergovernmental Coordination 

 Oregon state agencies should consult with federal agencies, Native American 
tribal governments, representatives of local governments, and the private and 
nonprofit sectors to identify ways to coordinate the implementation of climate 
adaptation initiatives.  

7. Integrating Adaptation and Mitigation Strategies 

There is very little in the way of credible scientific challenge to the conclusion that 
much of the change in climate at the global scale is being driven by increased carbon 
dioxide emissions from the combustion of fossil fuels. One of the priority overarching 
actions of an adaptation framework should be to renew the commitment to reducing 
the generation of greenhouse gasses. Implementation and future revisions of the 
Framework should involve collaboration with the bodies that have principal 
responsibilities for implementing Oregon’s Roadmap to 2020 developed by the 
Oregon Global Warming Commission.  

Recommendation for Integrating Adaptation and Mitigation Strategies 

 Over the next year, state agencies and the OGWC should assess existing emission 
reduction strategies to determine how best to incorporate climate change 
preparedness considerations.  

8. Communications and Outreach 

Given the breadth of Oregon’s exposure to the effects of climate variability and 
change, the somewhat unpredictable nature of some climate-related events, and the 
potential to make decisions that increase vulnerability to various effects of climate 
change, it is critical to increase communications and outreach with the public about 
preparing for climate change. Communication and outreach efforts to inform 
Oregonians about the likely effects of future climate conditions should include 
information on how individuals and communities can reduce exposure to climate-
related risks, and on how individuals can become involved in community-level efforts 
to prepare for climate change.   

Recommendation for Communications and Outreach 

 State agencies and the OGWC should collaborate on ways to improve messaging 
and outreach to the public related to preparing for climate change.  

These next steps are designed to build the long-term infrastructure within Oregon state 
government needed to address climate impacts that will continue to affect Oregonians in 
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the coming decades. These next steps, in conjunction with the short-term priority actions, 
represent the beginning of Oregon’s effort to build resilience into every element of 
Oregon’s economy and the natural and governance systems that sustain it.  

The Framework Report 
The Climate Change Adaptation Framework report contains more information than can 
be presented in this brief Summary of Key Findings and Recommendations. Please refer 
to the framework report for additional detail on 

 The need to plan for variable and changing climate conditions.  

 A summary of the scientific research related to each risk. 

 Information on the time scale for the risk. 

 Additional likely consequences of the risk. 

 Agency actions that address the risk. 

 Additional needed actions. 

 Details on implementing the priority actions. 

The Framework is an important first step in a collaborative state-level effort to address 
the challenges of preparing for and adapting to variable and changing climate conditions 
in Oregon. It lays the groundwork for expanded collaboration and coordination at all 
levels of government, and with citizens and the private and nonprofit sectors.  
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GROUND WATER IN THE EOLA-AMITY HILLS AREA 
NORTHERN WILLAMETTE VALLEY, OREGON

By DON PRICE

ABSTRACT

The Eola-Amity Hills area comprises about 230 square miles on the west side 
of the Willamette Valley between Salem and McMinnville, Oreg. The area is 
largely rural, and agriculture is the principal occupation.

Rocks ranging in age from Eocene to Recent underlie the area. The oldest rocks 
are a sequence more than 5,000 feet thick of marine-deposited shale and silt- 
stone strata, with thin interbeds of sandstone that range in age from Eocene to 
middle Oligocene. They are widely exposed in and west of the Eola-Amity Hills 
and underlie younger sedimentary and volcanic rocks throughout the study area. 
In the Eola-Amity Hills and Red Hills of Dundee, the Columbia River Group, a 
series of eastward-dipping basaltic lava flows locally of Miocene age, uncon- 
formably overlies the marine sedimentary rocks. The Columbia River Group 
ranges in thickness from less than 1 foot to about 900 feet and has an average 
thickness of about 200 feet. The formation is exposed in the Eola-Amity Hills 
and Red Hills of Dundee and, at places, extends to the east beneath younger 
rocks.

Overlying the Columbia River Group and marine sedimentary rocks are non- 
marine sedimentary deposits that range in thickness from less than 1 foot, where 
they lap up (to an altitude of about 200 ft) on the flanks of the higher hills, to 
several hundred feet along the east margin of the study area. These deposits in­ 
clude the Troutdale Formation of Pliocene age, the Willamette Silt of late Pleisto­ 
cene age, and alluvium of the Willamette River and its tributaries.

The Troutdale Formation and the alluvium of the Willamette River contain 
the most productive aquifers in the Eola-Amity Hills area. These aquifers, which 
consist mainly of sand and gravel, generally yield moderate to large quantities 
of water to properly constructed wells. Basalt of the Columbia River Group 
yields small to moderate quantities of water to wells, and the marine sedimen­ 
tary rocks and Willamette Silt generally yield small but adeqtiate quantities of 
water for domestic and stock supplies.

Ground water from the Columbia River Group and nonmarine sedimentary 
rocks is chemically suitable for irrigation and other uses, as is the water from 
shallow depths in the marine sedimentary rocks. However, water from depths of 
more than several hundred feet in the marine sedimentary rocks contains large 
amounts of chloride and other dissolved mineral constitutents that make it un­ 
suitable for most uses. Samples from three fairly closely spaced wells obtaining 
water from depth zones of 50 to 77, 191 to 201, and about 2,000 feet contained 
172, 1,160, and 26,000 ppm (parts per million) of chloride, respectively.
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About 6,100 acre-feet of ground water was pumped from wells and withdrawn 
from springs for various uses during 1964; of this amount about 4,800 acre-feet 
was used for irrigation. The total volume of ground water withdrawn and put 
to beneficial use each year is small compared with the amount that discharges 
naturally by evapotranspiration and through undeveloped seeps and springs. 
Much of the natural discharge could be intercepted and put to beneficial use by 
pumping from wells.

Major problems affecting the development of ground water in the area include 
(a) uneven areal distribution of permeable rocks, (b) undesirable chemical 
quality of the ground water locally in the marine sedimentary rocks, and (c) 
fine sand entering wells that tap the Troutdale Formation and thereby causing 
loss of well efficiency and costly wear on pumps and water-supply systems.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

The Eola-Amity Hills area is one of highly diversified geologic 
and hydrologic conditions which make the occurrence, quality, and 
availability of ground water vary considerably from place to place. 
The area is also one where withdrawals of ground water for irrigation, 
domestic, and public supplies have increased progressively in recent 
years. Approximately 400 wells have been drilled in the area since 
1955, including about 50 large-yield irrigation wells, about 10 public- 
supply wells, and more than 340 domestic wells.

The largest increases in ground-water withdrawals have been for 
irrigation. This trend is expected to continue because there is a grow­ 
ing need for water in this area for the types of crops (such as truck 
crops and pasture) that require considerably more water than is gen­ 
erally available from precipitation during the dry summer months. 
In 1964 about 5,000 acres of land in the area was irrigated with ground 
water. This is only a small part of the arable land that could be irri­ 
gated by the available ground water in the area.

Ground-water withdrawals for public and domestic supplies are 
also expected to continue to increase to keep pace with the growing 
rural and suburban population of the study area. Also, the growing 
population is likely to attract industries that require considerable 
\vater. The more populated areas (West Salem and McMinnville) 
obtain water from streams outside the study area; however, the smaller 
towns and cities in the area rely entirely on ground water developed 
from wells and springs. Most of these smaller towns and cities, as well 
as water districts utilizing ground water to serve suburban areas, an­ 
ticipate enlarging their water systems to meet the needs of a growing 
population.

The purpose of this investigation, therefore, is to present sufficient 
geologic and hydrologic data so that ground-water conditions in any
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given part of the area can be predicted with reasonable accuracy 
and be used as a guide to future development of ground-water sup­ 
plies. To this end, records of several hundred wells were examined to 
determine the types and thicknesses of rocks penetrated and the ade­ 
quacy and dependability of the ground-water supply. Water samples 
were collected from 13 representative wells and 1 spring and were 
analyzed by the U.S. Geological Survey to determine the chemical 
character of the water. Periodic water-level measurements were made 
in 15 selected wells to determine seasonal and long-term water-level 
fluctuations and any effects that present ground-water development 
has had on the water levels. The hydrographs of the eight most repre­ 
sentative of these wells are included in this report. A geologic map 
and geologic sections were compiled to show the extent and thickness 
of the principal geologic units. Contours depicting the top of the water 
table beneath the main valley plain were drawn to show the depth to 
the main zone of saturation and the general directions of ground-water 
movement.

Most of the fieldwork for this investigation was done during June 
and December of 1963, but periodic trips were made into the area 
throughout 1963 and early in 1964 to collect water-level measure­ 
ments and pumpage records and to check the geologic map for 
accuracy.

This investigation is part of a continuing cooperative program of 
the Oregon State Engineer and the U.S. Geological Survey to evaluate 
the ground-water resources of Oregon. The work was under the direct 
supervision of E. R. Hampton, acting district geologist in charge of 
ground-water investigations in Oregon.

LOCATION AND EXTENT OF THE AREA

The Eola-Amity Hills area lies between lat 44°53' and 45° 15' N., 
and long 123°00/ and 123° 15' W., in northwestern Oregon. It includes 
that part of the northern Willamette Valley west of the Willamette 
River between Salem and McMinnville, Oreg., and covers approxi­ 
mately 230 square miles. The boundaries and general cultural and 
physiographic features of the Eola-Amity Hills are shown in figure 1.

PREVIOUS INVESTIGATIONS

The general geology and the occurrence and availability of ground 
water in the Eola-Amity Hills area were described in a report of the 
ground-water resources of the Willamette Valley (Piper, 1942). 
Ground-water-level records have been collected in a number of wells 
in the study area by the Oregon State Engineer. Some of these records 
are published in that agency's ground-water report series (Sceva and 
DeBow, 1964,1965).
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FIGTJBE 1.   Extent and general cultural and physiographie features of
the report area.
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A brief description of ground-water conditions and availability in 
the Eola-Amity Hills area is given in a report that presents much of 
the ground-water data collected during this investigation (Price and 
Johnson, 1965).

The geology of parts of the study area has been described in several 
previous reports, which are included in the list of references on 
page 64. Recent geologic studies include a geologic map (with text) 
of the McMinnville and Sheridan 15-minute quadrangles (Baldwin 
and others, 1955). That map covers approximately the northern three- 
fourths of the study area.
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WELL- AND SPRING-NUMBERING SYSTEM

In this report wells and springs are designated by symbols that indi­ 
cate their location according to the official rectangular subdivision of 
public lands. For example, in the symbol for well 6/4W-1H1, the part 
preceding the hyphen indicates respectively the township and range 
(T. 6 S., R. 4 W.) south and west of the Willamette base line and 
meridian. Because most of the State lies south of the Willamette base 
line and east of the Willamette meridian, the letters indicating the 
directions south and east are omitted, but the letters "N" and "W" 
are included in the well numbers of wells north and west of the Wil­ 
lamette base line and meridian. The first digits following the hyphen 
indicate the section (sec. 1), and the letter indicates the 40-acre sub­ 
division of that section, as shown in figure 2. The final digit is the 
serial number for that particular well. Thus, well 6/4W-1H1 is in 
the SEi^NEi^ sec. 1, T. 6 S., R. 4 W., and was the first well in that 
tract to be listed.

Springs are numbered in the same manner as the wells except that 
the letter "s" is added following the final digit. For example, the first 
spring recorded in the NW^SE^ sec. 4, T. 4 S., R. 4 W., has the 
number 4/4W-4Kls.

2165-947 0 6,7-
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FIGURE 2. Well- and spring-numbering system.

In the table of well records (table 1), only those parts of the well 
numbers following the hyphen (1H1, for example) are shown; sub­ 
heads indicate the appropriate townships and ranges. In tables 3 and 4 
(records of springs and chemical analyses of ground water, respec­ 
tively), the first well or spring listed under a given township and 
range is shown with its full number, and the part following the 'hyphen 
is given for all other wells or springs listed under that township and 
range.

On plate 1, the map showing locations of wells and springs, the parts 
of the numbers following the hyphen are shown near the appropriate 
symbols; this shows at a glance the section and part of the section in 
which the well or spring is located.
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CLIMATE

The climate of the Eola-Amity Hills area is transitional between 
the relatively humid marine-type climate west of the Coast Range and 
a drier inland-type climate. It is characterized by cool, moist winters 
and warm, dry summers. The wettest months are generally November 
to March, and the driest months are July and August. Precipitation 
usually occurs as gentle rain throughout the year; however, some snow 
and some freezing rain fall during the midwinter, and occasional 
thundershowers occur during the summer.

Climatological data have been collected at McMinnville by the U.S. 
Weather Bureau since 1888. These records are believed to be fairly 
representative of the entire study area. The wettest year at McMinn­ 
ville during the period 1888 to 1964 was 1896, when 64.92 inches of 
precipitation was recorded (20.47 inches was recorded during Novem­ 
ber of that year). The driest year during that same period was 1929, 
when only 24.52 inches of precipitation was recorded. Average monthly 
precipitation ranged from less than half an inch in July and August 
to more than 6 inches in January, November, and December. Figure 3 
shows the annual precipitation and cumulative departure from the 
1900-63 average during the period 1900-64, and figure 4 shows the 
average monthly precipitation and temperature at McMinnville for 
approximately that same period.

The temperature of the Eola-Amity Hills area is fairly equable 
throughout the year. The average monthly temperature for July, the 
warmest month, is about 68° F. for the period of record, whereas the 
average monthly temperature for January, the coldest month, is 
about 39° F. (fig. 4). In July, the average daily maximum temperature 
is about 78° F., and the average daily minimum midsummer tempera­ 
ture is about 48° F. In January, the average daily maximum tempera­ 
ture is about 42° F., and the average daily minimum temperature is 
about 27° F. The warmest summer temperature recorded at McMinn­ 
ville was 110° F. (1924,1925, and 1926), and the coldest winter temp­ 
erature recorded was  24° F. (1919).

Evaporation data have not been collected in the Eola-Amity Hills 
area, but such data are collected at a Weather Bureau class A land 
pan at Corvallis (in the Willamette Valley about 30 miles southwest 
of Salem). Corvallis is an area climatologically similar to the study 
area; therefore, the evaporation data collected at Corvallis are 
probably representative of the study area.

At Corvallis the average evaporation is about 27 inches during 
the period April to September and only about 5 inches during the 
period October to March.
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(57 years of record)

FIGUEE 4. Average monthly precipitation and temperature at McMinnville.

The growing season in the study area is generally from mid-April 
to September, but in some years late spring rains delay preparation 
of the soil for planting until late in May.

PHYSIOGRAPHIC FEATURES

The Eola-Amity Hills area is a segment of the Willamette Valley 
that lies between the Cascade and Coast Ranges in the Pacific Border 
physiographic province (Fenneman, 1931, p. 449).

The area extends westward from the Willamette Kiver to near 
the base of the Coast Kange and extends northward from the Salem 
Hills to the Ked Hills of Dundee. The main physiographic units in 
the area are (a) the Eola-Amity Hills, (b) the east valley plain, (c) 
the west valley plain, and (d) the flood plain of the Willamette Kiver 
(%  1).
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BOLA-AMITY HTT.T.S

The Eola-Amity Hills are one of several isolated lava-capped upland 
areas in the northern Willamette Valley between Salem and Portland. 
They are separated from .the Salem Hills by a gap through which 
the Willamette Kiver flows and from the Coast. Range, Red Hills of 
Dundee, and other local upland areas by intervening segments of the 
main Willamette Valley plain (fig. 1).

The Eola-Amity Hills subarea consists of approximately 70 square 
miles, or nearly one-third of the study area. The Eola Hills, which 
alone occupy about 50 square miles, extend northward from Salem 
nearly 13 miles to near the town of Amity. They are divided into two 
nearly equal segments by a pass (alt about 430 ft) about 6 miles 
north of Salem and are separated from the Amity Hills by another 
pass (alt about 450 ft) between Amity and Hopewell (fig. 1).

The average altitude along the crest of the Eola-Amity Hills is 
about 850 feet, although some of the higher peaks extend more than a 
thousand feet above mean sea level. The highest point is identified 
by triangulation point Yam (about 4 miles southeast of Amity), 
which has an altitude of 1,163 feet.

A characteristic feature of the Eola-Amity Hills is their cuesta- 
like shape. The hills trend generally northward and have fairly steep 
western flanks and more gently sloping eastern flanks. This is caused 
by the attitude of the geologic units that underlie the Eola-Amity 
Hills. These rocks have been tilted generally toward the east. Con­ 
siderable land slippage is evident on the southern and western flanks 
of the hills.

EAST VAULEY PI/AIN

The east valley plain is that part of the main Willamette Valley 
plain east of McMinnville and the Eola-Amity Hills; it includes 
Dayton Prairie and Spring Valley (fig. 1) and consists of about 67 
square miles. The east valley plain is a mostly flat surface that ranges 
in width from less than a mile at the north end of Spring Valley to 
about 9 miles in the south part of Dayton Prairie. It has an average 
altitude of about 160 feet and slopes gently to the north. The altitude 
in Spring Valley near Lincoln is about 170 feet; farther north near 
Uniondale it is about 160 feet; and in Dayton Prairie at the McMinn­ 
ville Airport it is about 155 feet.

The east valley plain is one of the most important parts of the study 
area with respect to agriculture and availability of ground water for 
irrigation. It is underlain to depths of more than 200 feet by fairly 
permeable sand and gravel aquifers, which are tapped by a number 
of moderate- to large-yield irrigation wells.
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WEST VAULBY PI*AIN

The west valley plain includes that part of the main Willamette 
Valley plain west of McMinnville and the Eo]a-Amity Hills (fig. 1) 
and consists of about 70 square miles. It differs physiographically 
from the east valley plain in that it has an undulating surface owing 
to local outcrops of moderately resistant shale and siltstone strata that 
form small scattered knolls and hills. The west valley plain has an 
average altitude of about 180 feet and is divided into two parts by a 
western extension of the Eola Hills that is breached by Holmes Gap 
(fig. 1). North of Holmes Gap the plain slopes gently to the north, and 
south of Holmes Gap it slopes southeastward. A short distance beyond 
the southwest boundary of the study area, the west valley plain merges 
with the east slopes of the Coast Range.

WHUTiAMETTB RIVER FLOO1> PILAIN

The present flood plain of the Willamette River is about 30 to 80 
feet lower in altitude than the main valley plain and is separated 
from the main valley plain by a steep erosional scarp of the Willamette 
River. The present flood plain has an average altitude of about 130 
feet and slopes northward about 3 feet per mile. It ranges in width 
from less than 1 to about 4 miles and has many features characteristic 
of flood plains adjacent to low-gradient streams that have large varia­ 
tions of flow; these features include ox'bow lakes, meander scars, and 
numerous abandoned stream channels that are occupied by water only 
during freshets and floods.

Only discontinuous segments of the Willamette River flood plain 
lie within the study area, which is west of the Willamette River. The 
largest of these segments includes Grand Island, which consists of 
about 13 square miles. The other segments (unnamed) have a combined 
area of about 10 square miles.

DRAINAGE

The Eola-Amity Hills area is drained primarily by the Willamette 
and Yamhill Rivers and by Rickreall Creek. The Willamette River, 
which is the master stream, enters the area from the south and flows 
generally northward east of the Eola-Amity Hills; it forms the east 
boundary of the study area. The South Yamhill River enters the area 
from the west and flows generally northeastward across the west valley 
plain and part of Dayton Prairie, and is joined by the North Yamhill 
River about 2 miles northeast of McMinnville. From this confluence 
the Yamhill River flows generally eastward, to where it drains into 
the Willamette River about 3 miles east of Dayton. Rickreall Creek 
drains most of the southwest part of the study area; it enters the area
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northwest of Rickreall, flows eastward, and drains into the Willamette 
River near Eola (fig. 1).

The two largest streams which rise within the study area are Ash 
Swale and Palmer Creek. Ash Swale drains much of the area west 
of the Eola-Amity Hills between Holmes Gap and Amity. It drains 
into Salt Creek, which flows into the South Yamhill River about 2 
miles north of Amity. Palmer Creek, east of the Eola-Amity Hills, 
flows northward parallel to the Willamette River and empties into the 
Yamhill River at Dayton.

Most of the streams that drain the main valley plain, including the 
Willamette and Yamhill Rivers, are sluggish, meandering streams of 
low gradient. Their low gradients are caused largely by a natural dam 
of basalt across the Willamette River near Oregon City about 25 miles 
downstream from the study area. The dam, which is formed by struc­ 
tural uplift of the basalt, has been artificially heightened in recent 
years to increase the power potential of waterfall (Willamette Falls) 
over the dam.

Only small, generally intermittent streams drain the Eola-Amity 
Hills and the Red Hills of Dundee. Many of them begin as springs 
near the base of the lava that caps the hills. The few streams that are 
perennial discharge several cubic feet per second during the winter 
and spring, but their flow decreases markedly during the summer. 
Water from some of these streams is impounded behind small dams 
and is used for limited irrigation and public and domestic supplies.

STREAM DISCHARGE

Stream-gaging stations are maintained by the Geological Survey on 
Willamette River at Salem; on South Yamhill River near Whiteson; 
and on Rickreall Creek, about 3 miles west of Dallas (not shown on 
map). Streamflow records collected at those and other gaging stations 
are published in a ser|ies of Geological Survey water-supply papers 
entitled "Surface Water Supply of the United States, Part 14, Pacific 
slope basins in Oregon and lower Columbia River basin."

According to records published in this series, the average annual 
discharge of the Willamette River past the gaging station at Salem 
was about 23,350 cfs (cubic feet per second), or about 16.9 million 
acre-feet per year, for the period of record (1909-63). The discharge 
of the Willamette River measured'at Salem includes discharge from 
Rickreall Creek, which averaged about 102,000 acre-feet per year dur­ 
ing 6 years of record, beginning in 1947. Most of the visible inflow to 
the Willamette River along the reach that forms the east boundary 
of the study area north of Salem is from the Yamhill River, which 
had an average annual discharge near Lafayette of about 7,550 cfs
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(about 1.12 million acre-ft per yr) during the period of record (1929- 
32). Direct ground-water inflow to the Willamette Eiver from the 
study area is not known but is believed to be substantial.

The only stream-gaging station in operation in the study area as of 
1964 was on South Yamhill Kiver near Whiteson. During 24 years of 
record beginning in water year 1941, the average annual discharge at 
that station was 1,743 cfs, which is equivalent to 1,262,000 acre-feet 
per year. The annual runoff of the river ranged from about 600,000 
acre-feet in water year 1941 to more than 2 million acre-feet in water 
year 1956 (fig. 5). The average monthly flow of the river was about 
275,000 acre-feet for January and about 3,000 acre-feet for August 
(fig. 6).

Measurements have not been made of the discharge of the smaller 
streams rising within the study area. The average discharge of even 
the largest of these streams is less than that of Kickreall Creek. These 
streams obtain a large percentage of their flow from ground water 
discharging through seeps and springs.
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CULTURE AND INDUSTRY

The area of this report is largely rural and sparsely populated. Most 
of the land is utilized for crops, orchards, and grazing. Salem, the 
principal commercial center serving the area, had a population of 
about 62,800 in 1964, including about 4,300 people who resided in West 
Salem. The largest city entirely within the study area is McMinnville,
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which had a population of about 8,400 in 1964. Other towns in the 
area having reported estimated populations of 500 or more as of 1964 
include Dayton (pop. 985), Amity (pop. 638), and Lafayette (pop. 
579.)

Exact figures are not available for the rural population of the area. 
However, it is estimated from the Oregon State Board of Census rec­ 
ords of unincorporated county population that the rural population 
in the parts of Polk and Yamhill Counties included in the study area 
was about 7,500 in 1964.

The principal occupation in the Eola-Amity Hills area is agricul­ 
ture. About 20,000 acres of land was under cultivation in the area in 
1964; about 4,000 acres was irrigated with ground water. The major 
farm crops included small grains, berries, and legumes; and the major 
orchard crops included nuts, cherries, and prunes. Dairy goods and 
poultry are also important agricultural products of the area.

Industries of the study area include food processing and packing, 
gravel screening, and rock quarrying. Much of the food grown in the 
area is processed and packaged at a large packing plant about 5 miles 
south of Dayton. Much of the rock material for road metal and for 
construction is obtained from gravel excavations adjacent to the Willa- 
mette and Yamhill Rivers and from rock quarries in the Eola-Amity 
Hills.

Ground water is by far the most important mineral resource of the 
area. Wells and springs supply water for the towns of Dayton, Amity, 
Lafayette, Eola, and Hopewell and for several water districts in the 
West Salem area as well as for most of the farm homes. Considerable 
ground water is also used for irrigation, especially in Dayton Prairie 
and the Willamette River flood plain.

Although the area west of the Eola-Amity Hills has long been con­ 
sidered a favorable area for oil and gas exploration, recent prospecting 
reportedly has not uncovered any economically important oil and gas 
accumulations.

GEOLOGIC SETTING

The Eola-Amity Hills area occupies part of the west limb of a 
synclinal trough that was formed by the structural deformation of 
Pliocene and older rocks. The syncline, whose axis trends north-north­ 
east, has been partly filled with nonmarine sedimentary rocks. The 
Miocene and older rocks are widely exposed in and west of the Eola- 
Amity Hills, dip generally eastward, and are buried under varying 
thicknesses of nonmarine sedimentary rocks in the eastern part of the 
area. The general geology of the study 'area is shown on plate 1.
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ROCK UNITS AND THEIR WATER-BEARING 
PROPERTIES

MARINE SEDIMENTARY ROCKS

The oldest rocks exposed in the area are the marine sedimentary 
rocks of Eocene to middle Oligocene age, which underlie about 40 
square miles in the area. These rocks underlie much of the south and 
west slopes of the Eola-Amity Hills and Eed Hills of Dundee; they 
generally erode to smooth, moderately steep slopes. Well records indi­ 
cate that marine sedimentary rocks underlie younger units at varying 
depths throughout the study area, as shown in the geologic sections on 
plate 1.

The marine sedimentary rocks consist mainly of thick layers of 
tuffaceous shale and siltstoiie, with thin interbeds of sandstone; these 
rocks are generally light gray to black in fresh exposures and buff 
to reddish brown in weathered exposures. They are intercalated locally 
with volcanic tuffs, lava flows, and breccias and have been intruded by 
gabbro and basalt sills in the northeast corner of the study area.

The thickness of the marine sedimentary rocks probably exceeds 
5,000 feet in the study area. These rocks have been fully penetrated 
by an oil test well in the NE^ sec. 31, T. 6 S., E. 4 W., where they 
were found to be about 4,920 feet thick and to overlie volcanic rocks. 
The thickest sections exposed in the Eola-Amity Hills are generally 
less than a thousand feet thick.

The marine sedimentary rocks of this report include several forma­ 
tions that have been described by Snavely and Yokes (1949) ; Baldwin 
and others (1955) ; and Schenck (1928, p. 36; 1936, p. 62-63).

Shale and siltstone form the bulk of the marine sedimentary rocks 
in the Eola-Amity Hills area, are of low permeability, and yield 
water slowly to wells and springs. Most of the wells that tap these 
rocks yield only to 2 to 5 gpm (gallons per minute), and a few wells 
yield more than 10 gpm. Some individuals who live west of the Eola 
Hills, where the marine sedimentary rocks are at or near the land 
surface, have found it necessary to drill two or three wells before suffi­ 
cient water could be developed to meet normal household requirements.

Not all the materials in the marine sedimentary rocks have low 
permeabilities, however. Locally, moderately permeable interbeds of 
sandstone or volcanic rocks have been tapped by wells that produce 
several tens to more than 100 gpm. Well 5/4W-27E1, about iy2 miles 
east of Amity, taps marine sedimentary rocks and reportedly yields 
120 gpm with 55 feet of drawdown. Well 5/5W-1P1, about 3i/2 miles 
northwest of Amity, reportedly yields 75 gpm with 160 feet of draw­ 
down ; however, most of the water from that well is probably developed 
in the overlying Troutdale Formation. A log is not available for well
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4/3W-6N1 at Lafayette; but that well, which reportedly yields 180 
gpm with a drawdown of 50 feet, presumably taps the marine 
sedimentary rocfes.

A major problem in developing water from the marine sedimentary 
rocks, aside from the low permeability of those rocks, is that of water 
quality. The formation contains highly mineralized connate water; 
that is, water that was entrapped in the rocks during their deposition. 
(See table 4, sample 10.) This water is unsuitable for drinking and 
for most other uses. Much of the connate water has been diluted or 
displaced from the marine sedimentary rocks above a depth of about 
200 feet by fresh ground water. However, several wells that tap the 
marine sedimentary rocks above a level of 200 feet yield water that 
is generally more mineralized than water from the younger rocks. A 
sample from well 6/4W-17K1 (table 4, sample 11), which taps marine 
sedimentary rocks above the 200-foot level, contained 2,100 ppm (parts 
per million) of dissolved solids, including 1,160 ppm of chloride, which 
is considerably greater than the mineral content of the samples from 
the younger rocks.

INTRUSIVE ROCKS

Coarse-grained intrusive basalt and gabbro underlie less than 2 
square miles in the extreme northwest corner of the study area but 
are more widely exposed to the west (Baldwin and others, 1955). The 
rock is deeply weathered and forms a yellowish-brown clay soil.

No wells in the area are known to be drilled in the intrusive igneous 
rocks, which are of generally low permeability and probably would 
not yield appreciable quantities of water.

COLUMBIA RIVER GROUP

The marine sedimentary rocks are unconformably overlain by the 
Columbia River Group (formerly called the Columbia River Basalt), 
a series of basaltic lava flows that are locally of Miocene age. The 
Columbia River Group underlies about 35 square miles in the study 
area, caps the Eola-Amity Hills and the Red Hills of Dundee, and 
forms the eastward-dipping slopes of those hills. Well records indicate 
that the basalt may extend eastward for some distance beneath 
younger valley-fill materials, as shown in the geologic sections on plate 
1. A down-faulted block of basalt 1 mile north of Amity marks tfie 
westernmost extent of the Columbia River Group in the study area. 
The basalt is widely exposed in adjacent parts of the northern Willam- 
ette Valley and much of the lower Columbia River basin.

The Columbia River Group is more resistant to erosion than the 
underlying marine sedimentary rocks. Consequently, the basalt forms
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escarpments and ledges above the contacts between the two geologic 
units.

The Columbia River Group consists of several accordantly layered 
lava flows that range in thickness from a few to several tens of feet. 
Thin rubbly interflow zones generally mark the contact between the 
individual flow layers.

The basalt in individual flows is, for the most part, dense and im­ 
permeable ; however, the basalt near the upper and lower surfaces of 
the flows is generally glassy and inflated and contains permeable 
vesicular and scoriaceous zones. Most of the flows contain one or more 
joint systems that are a result of contraction of the lava during cooling. 
In nearly all the flows a vertical joint pattern separates the rock into 
vertical columns ranging in diameter from a few inches to several 
feet. Similar columnar jointing is a characteristic structural feature of 
the Columbia River Group and can be seen in most exposures 
throughout the lower Columbia River basin.

Deformation of the Columbia River Group following its extru­ 
sion has caused considerable fracturing in the formation. The down- 
faulted block 1 mile north of Amity (pi. 1), for example, has been 
thoroughly brecciated. Similar brecciated flows can be seen in rock 
quarries in other parts of the Eola-Amity Hills. The brecciation 
enhances the water-yielding properties of the Columbia River Group.

In most places in the study area the Columbia River Group is 
deeply weathered and forms a buff to dark reddish-brown saprolitic 
soil that is strewn with large boulders of weathered lava. The depth 
of weathering is generally less than 50 feet, but in some parts of the 
area the entire unit is decomposed (table 2, log of well 6/3W-7A1). 
In fresh exposures the basalt is dark gray to black and porphyritic, 
with phenocrysts of feldspar and augite.

Basalt of the Columbia River Group was extruded on an unevenly 
eroded surface and has undergone considerable erosion following its 
extrusion. Consequently, the basalt varies considerably in thickness 
from place to place in the mapped area. The basalt ranges in thick­ 
ness from less than 1 foot along its exposed contact with the marine 
sedimentary rocks to about 400 feet (table 2, well 7/3W-8G1). In 
most places, however, the basalt is believed to be less than 400 feet 
thick and probably has an overall average thickness of about 200 feet.

The water-bearing properties of the Columbia River Group depend 
largely on the thickness and number of flows that form this geologic 
unit and on the total thickness of the basalt. The most permeable 
water-bearing zones in the Columbia River Group occur in the scori­ 
aceous upper parts of some flows and in the interflow zones. There­ 
fore, a well penetrating a large number of relatively thin flow layers
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is likely to produce more water than a well of the same diameter and 
depth penetrating only a few relatively thick flow layers.

Along the east flanks of the Eola-Amity Hills and the Red Hills 
of Dundee, a number of wells tap basalt of the Columbia River Group 
at various depths below the regional water table. Most of these wells 
yield small quantities of water (generally less than 15 gpm). Some of 
the wells, however, produce more than 100 gpm. (See table 1, records 
of wells 5/3W-30M1, 6/3W-6R1, and 7/3W-8G1.)

Near the crest of the Eola-Amity Hills, the Columbia River Group 
extends above the regional water table. Here, discontinuous bodies of 
ground water are perched at varying depths in the basalt above the 
main water table. These perched ground-water bodies generally yield 
only small quantities of water to wells and springs.

During a pumping test that lasted nearly 6 days, one well that taps 
a confined perched ground-water body in the southern part of the 
Eola Hills was pumped at a rate of 100 to 105 gpm; however, the test 
indicated that the well probably would not sustain that rate. (See 
p. 43-44.)

TROtTTDAIiE FORMATION

Nonmarine sedimentary rocks of Pliocene age overlie the Columbia 
River Group with apparent unconformity. Where the Columbia River 
Group is missing, the nonmarine sedimentary rocks lie unconformably 
on the marine sedimentary rocks (pi. 1). The nonmarine sedimentary 
rocks are believed to be equivalent to the Troutdale Formation (lower 
Pliocene) of the East Portland area (Trimble, 1963, p. 29, and Hogen- 
son and Foxworthy, 1965, p. 22) and therefore are tentatively corre­ 
lated with that formation. Throughout most of the Eola-Amity Hills 
area, the Troutdale Formation is concealed beneath younger sedi­ 
mentary deposits. Only scattered outcrops of the Troutdale Forma­ 
tion, each covering less than a square mile, can be seen on the east 
flanks of the Eola-Amity Hills and Red Hills of Dundee (pi. 1) and 
along the channel of the Willamette River at low-river stage (not 
shown on map).

Where it underlies the northern part of the study area, the Trout- 
dale Formation consists chiefly of alternating layers of clay and sand 
with scattered discontinuous lenses of generally fine to medium gravel. 
The gravel lenses, which are generally less than 10 feet thick,.appear 
to have been deposited chiefly by the Yamhill and South Yamhill 
Rivers. Drillers' logs of wells indicate that gravel constitutes about 
20 to 30 percent of the materials forming the Troutdale Formation 
beneath the valleys of the North and South Yamhill Rivers. Else­ 
where in the northern part of the study area, the Troutdale Forma-
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tion (at least in the upper 200 ft) contains from 0 to 20 percent 
gravel.

In the southeastern part of the study area, the Troutdale Forma­ 
tion was apparently deposited by the Willamette River and contains 
a fairly large percentage of gravel (table 2, log of well 7/3W-10E1); 
some of the gravel strata contain boulders more than 6 inches in 
diameter.

The few exposures of the Troutdale Formation in the study area 
and drill cuttings from wells show the formation to be deeply weath­ 
ered and partly cemented. The pebbles and sand grains are largely 
basaltic. The cementing material is primarily iron oxide.

The Troutdale Formation ranges in thickness from less than 1 foot, 
where it laps up on the older rocks along the flanks of the Eola- 
Amity Hills and the Red Hills of Dundee, to about 280 feet, where it 
was penetrated by well 5/3W-9N1 near Uniondale. Well 5/3W-9N1 
(driller's log in table 2) did not fully penetrate the Troutdale Forma­ 
tion, but the formation is assumed by the writer not to greatly exceed 
the 280-foot thickness penetrated at that particular site. This assump­ 
tion is based on a report by the owner that the now abandoned well 
originally yielded saline water, the source of which most likely was 
the underlying marine sedimentary rocks.

The maximum thickness of the Troutdale Formation may exceed 
280 feet in other parts of the study area; but in most places where it 
has been fully penetrated by wells, the formation is generally less 
than 200 feet thick. In the northeast corner of the study area, for 
example, the formation is about 156 feet thick (table 2, log of well 
4/3W-11C1); in the northwest corner, north of McMinnville, it is 
about 22 feet (log of well 4/4W-8H1); southwest of McMinnville it is 
only 3 feet (log of well 4/4W-30J1); in the southeast corner it is 
about 110 feet (log of well 7/3W-22M1); and in the southwest corner 
it is about 30 feet thick (log of well 8/4W-3B1).

The Troutdale Formation of the Eola-Amity Hills area is appar­ 
ently continuous with the Troutdale Formation of the French Prairie 
area (Price, 1967, p. 20). The formation can be traced from the 
French Prairie area to the Eola-Amity Hills area by exposures along 
the Willamette River, which forms the boundary between the two 
areas, and by well logs.

The Troutdale Formation of the Eola-Amity Hills area differs 
lithologically from that at the type area near Troutdale, Oreg. (about 
40 miles northeast of Dayton), chiefly in that it contains few or no 
quartzite pebbles, whereas the Troutdale Formation at the type area 
and in much of the lower Columbia River basin contains abundant 
quartzite pebbles and cobbles. (See Trimble, 1963, p. 31, and Hogenson
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and Foxworthy, 1965, p. 22.) The absence of quartzite in the Trout- 
dale Formation of the study area is explained by a lack of quartzite 
in the source area, the drainage basins of the Willamette and Yamhill 
Rivers. In the type area, at Troutdale, materials composing the Trout- 
dale Formation were derived from quartzite-rich terrane in the upper 
Columbia River basin.

The Troutdale Formation is one of the most important geologic 
units in the Eola-Amity Hills area with respect to the availability of 
ground water. Most of the domestic wells and large-yield irrigation, 
industrial, and public-supply wells in the area tap the Troutdale 
Formation. The formation as a whole is generally only moderately 
permeable, but some gravel lenses are moderately to highly permeable 
and yield water readily to wells. Wells that tap one or more of the 
permeable gravel lenses in Dayton Prairie and other parts of the main 
Willamette Valley plain yield as much as 900 gpm of water, generally 
with less than 75 feet of drawdown (table 1, wells 5/4W-1C1 and 
-1E1).

In parts of the area where the Troutdale Formation contains little 
or no gravel (such as between Dayton and Hopewell), wells yielding 
up to 500 gpm have been developed from layers of moderately permea­ 
ble sand. (See table 1, wells 4/3W-28B1, -32B1, and -33K1.)

The predominance of fine sand and silt in the Troutdale Formation 
underlying the northern part of the study area has hampered develop­ 
ment of ground water. These fine-grained sediments enter wells 
through oversize perforations in the well casing and cause excessive 
wear on pumping equipment and water-distribution systems. In many 
parts of the country where similar problems exist, it has been found 
that use of properly designed and fabricated well screens has suc­ 
cessfully reduced the amount of sand entering the wells without reduc­ 
ing the water-yielding capacity of those wells.

wnj^AMEfTTE smr

A sequence of buff to reddish-brown silt with thin discontinuous 
lenses of clay or sand directly underlies about 130 square miles of the 
main Willamette Valley plain, and rests unconformably on the Trout- 
dale Formation and on the older rocks where the Troutdale Formation 
is absent (pi. 1). These fine-grained deposits have been correlated with 
the Willamette Silt of Allison (1953, p. 12) by Baldwin, Brown, 
Gair, and Pease (1955); therefore, the name Willamette Silt is also 
used in this report. The silt is generally bedded, and the bedding 
planes, usually several inches apart, are distinguished by faint color 
changes.

The Willamette Silt is well exposed along the bluffs of the Wil­ 
lamette River and its tributaries and in readouts throughout the area

2&5-94T O 67   1
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below a general altitude of about 200 feet. A veneer of the silt blankets 
the older rocks locally above 200 feet. However, the silt has not been 
mapped as a separate unit above that altitude (a) owing to the diffi­ 
culty in distinguishing it from the soils that are formed on the older 
rocks and (b) because it is too thin in most places above the 200-foot 
level to form an aquifer.

The Willamette Silt, as its name implies, consists mainly of silt-size 
particles. Four auger samples collected from the formation in French 
Prairie, and analyzed for particle-size distribution, contained from 
about 60 to about 80 percent silt-size particles (Price, 1967, p. 22). 
These samples contained about 6 percent clay and from about 14 to 35 
percent very fine or fine sand. (See fig. 7 and following table.)

The Willamette Silt appears to be remarkably uniform in texture 
throughout the northern Willamette Valley. Therefore, the four sam­ 
ples collected from French Prairie are believed to be representative of 
the Willamette Silt that underlies the Eola-Amity Hills area.

U.S. STANDARD SIEVE NUMBER, OR NUMBER OF SIEVE OPENINGS PER INCH
230 120 60 35 18
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FIGURE 7. Particle-size distribution of four samples of Willamette Silt from 
auger holes in French Prairie.
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Weight percentage of particles in samples of the Willamette Silt collected from auger
holes in French Prairie

[Analyses by U.S. Geol. Survey hydrol. lab., Denver, Colo. Particle diameters, in millimeters]

Sample

1

2

3

4

Location

SEHSWHsec. 5, T.4S., 
R. 1 W--_        ...

SEHSEWsec. 34, T. 48., 
R.2 W. __.   ___._

NEHSE^sec. 21, T. 5 S., 
R. 2 W.. ................

SWH8WH sec. 5 
T. 68., R. 2 W..-. ......

Depth
of 

sample 
(feet)

17.5

9(1

16.5

9S

Clay

«o.-
001)

7.7

6.0

5.7

6.0

Silt

(0. 004- 
0. 0625)

66.5

80.4

62.9

58.8

Very 
fine 

(0.0625- 
0. 125)

23.0

1 O f\

26.2

31.0

Fine 
(0. 125- 
0.25)

2.6

.6

5.2

4.0

Sand

Medi­ 
um 

(0. 25- 
0.5)

0.2

.2

Coarse 
(0. 5-1)

Very 
coarse 
(1-2)

In the study area the Willamette Silt ranges in thickness from less 
than 1 foot to about 75 feet. It is thinnest where it laps up on older 
rocks along the flanks of the Eola-Amity and other hills and thickest 
where it is exposed along the erosional scarp of the Willamette River. 
In most places, however, the Willamette Silt, as interpreted on well 
logs (table 2), is generally less than 50 feet thick.

The Willamette Silt was deposited in a lake that inundated the 
Willamette Valley during early Wisconsin (late Pleistocene) time. 
The lake was formed by apparent damming of the Columbia River in 
the vicinity of Portland.

The permeability of the Willamette Silt is generally quite low; 
consequently, the formation transmits water slowly to wells and 
springs. The average coefficient of permeability x of the four auger 
samples mentioned above was less than 1.0 gpd per sq ft (gallon per 
day per square foot). However, the coefficients of permeability of the 
sand occurring as lenses in the formation are undoubtedly much higher 
than 1.0 gpd per sq ft, and could be as much as about 63.0 (Price, 1967, 
p. 28).

Only a few wells tap the Willamette Silt in the Eola-Amity Hills 
area. Those wells produce sufficient water for domestic and stock sup­ 
plies, but the water is yielded much too slowly to sustain large con­ 
tinual pumping yields such as are needed for irrigation. The water 
from the Willamette Silt is of generally good chemical quality for 
most uses.

Although the permeability of the Willamette Silt is low, a large 
volume of water from precipitation and other sources percolates down

1 The coefficient of permeability can be expressed as the number of gallons per day of 
water at 60° F. that will pass a cross section of 1 square foot of a water-bearing rock under 
a hydraulic gradient of 1 foot in 1 foot (Brown, 19i53, p. 846). The field coefficient of 
permeability is the same, except that it is measured under the prevailing water 
temperature.
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through the formation to help recharge more permeable aquifers in 
underlying Tertiary rocks. The average annual precipitation on the 
area is about 42 inches. Of this amount about 22 inches is lost by 
evapotranspiration. There is very little overland runoff because most 
of that part of the area underlain by Willamette Silt is flat, and most 
of the precipitation not lost by evapotranspiration is infiltrated by the 
silt and percolates to the water table.

LANDSLIDE DEBRIS

Landslides, involving mainly the Columbia River Group and ma­ 
rine sedimentary rocks, have occurred in several places along the 
south and west slopes of the Eola Hills. The largest of these are shown 
on plate 1. These slides have occurred where erosion has removed the 
lateral and vertical support from the relatively incompetent marine 
sedimentary rocks which have subsequently failed owing to their 
inability to support their own weight and the weight of the more 
competent overlying Columbia River Group.

Several small springs issue from landslide debris; some are used 
for domestic and limited irrigation supplies. Also, a number of wells 
tap the landslide debris locally and produce sufficient water for do­ 
mestic use. However, none of the wells that tap the landslide debris 
is known to yield more than about 20 gpm.

AZiLTIVITIM

Alluvial deposits of Recent age underlie the present flood plains of 
the Willamette and Yamhill Rivers and exend up the valleys of the 
larger tributaries of those two rivers. The most extensive deposits of 
alluvium underlie about 13 square miles in Grand Island and about 
10 square miles in the flood-plain segments of the Willamette River 
near Salem. These deposits consist chiefly of alternating layers of 
highly permeable sand and gravel blanketed by several feet of flood- 
plain silt. The alluvial materials, which were derived largely from 
rocks of the Cascade Range, are mainly basaltic and andesitic but also 
include minor amounts of rhyolite and other igneous rock types. The 
clasts range in size from small pebbles to cobbles as much as 6 inches 
in diameter. Individual pebbles are generally well rounded, and the 
deposits are fairly well sorted.

The alluvium of the Yamhill River consists chiefly of fine-grained 
materials, although it does contain some gravel. The gravels are chiefly 
basaltic, as are the gravels in the alluvium of the smaller streams 
draining the Eola Hills.

The maximum thickness of the alluvium in the study area ranges 
from a few feet along small streams to about 70 feet in the Willamette
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River flood plain. The contact between the base of the alluvium of the 
Willamette River and the top of the gravels of the underlying Trout- 
dale Formation is difficult to ascertain in well logs because of the 
similarity of drillers' descriptions of the two units. The arbitrary 
contracts shown on the logs of wells (table 2) penetrating the two 
geologic units indicate that the thickness of the alluvium increases 
in a downstream direction. For example, the alluvium is about 35 feet 
thick in the vicinity of Salem (logs of wells 7/3W-9F1 and 7/4W- 
36F1), and as much as about 70 feet thick in Grand Island, about 10 
miles downstream from Salem (log of well 5/3W-22J1). Logs of 
wells on the east side of the Willamette River flood plain also indi­ 
cate the increasing thickness of the alluvium in a downstream direc­ 
tion (Price, 1967, p. 29).

The alluvium of streams tributary to the Willamette River in the 
study area is generally too thin and of too low permeability to yield 
large quantities of water to wells. Conversely, the alluvium of the 
Willamette River is moderately to highly permeable in most places 
and yields moderate to large quantities of water (as much as 1,000 
gpm) to wells.

GROUND WATER

GENERAL FEATURES OF OCCURRENCE

Ground water may be denned as water that occurs under hydro­ 
static pressure below the land surface and completely saturates or 
fills all the pore spaces in the rock materials in which it occurs. The 
saturated rock materials that readily transmit the ground water are 
referred to as aquifers, and those that do not readily transmit the 
ground water are referred to as aquicludes. All the saturated rocks 
in a given area may be referred to as a ground-water reservoir. The 
volume of water stored in the ground-water reservoir increases dur­ 
ing wet seasons and decreases during dry seasons, much the same as in 
most surface-water reservoirs.

In the Eola-Amity Hills area ground water occurs under unconfined, 
perched, confined, and semiperched hydrologic conditions. These vari­ 
ous conditions of occurrence are illustrated in figure 8 and are dis­ 
cussed below.

Most ground water in the study area is unconfined. The upper sur­ 
face of the unconfined ground-water body is called the water table, 
and its position is determined by the level at which water stands in 
wells that tap the unconfined ground-water body. The water table 
is under atmospheric pressure and is free to rise and decline in re­ 
sponse to recharge to and withdrawal from the unconfined ground- 
water body.
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In the Eola-Amity Hills area the main water table has a configura­ 
tion similar to that of the land surface but somewhat subdued; that 
is, it is highest beneath areas of highest land-surface altitude and 
lowest beneath areas of lowest land-surface altitude. A profile of the 
main water table is shown diagrammatically in figure 8, and con­ 
tours of the surface of the water table in the main valley plain, based 
on measurements made in late summer and fall, are shown on plate 1. 
Most wells in the main valley plain and the Willamette Kiver flood 
plain tap unconfined ground water beneath the main water table. A 
hypothetical example of such a well is well A in figure 8.

Perched ground water occurs locally in the Eola-Amity Hills and 
Red Hills of Dundee where the water in permeable rocks is held above 
the main water table by impermeable rocks (aquicludes), such as 
dense basalt. Water in the permeable rocks cannot percolate freely 
downward through the underlying impermeable rocks to the main 
water table and, therefore, accumulates as a perched ground-water 
body. Much of the perched ground water occurs in the deeply weathered 
upper part of the Columbia River Group, where it is separated from 
the main zone of saturation by dense unweathered basalt. A number of 
wells currently in use in the Eola-Amky Hills area tap perched uncon­ 
fined ground water. (See table 1, well 7/3W-17Q1.)

Confined ground water occurs locally in the Eola-Amity Hills and 
the Red Hills of Dundee, where permeable water-bearing zones in the 
eastward-dipping basalt flows of the Columbia River Group are over­ 
lain by or sandwiched between impermeable confining layers (fig. 8). 
Water moving into the lower ends of the permeable zones is under 
pressure exerted by the weight of unconfined water in the upper part 
of the aquifer. Similarly, confined ground water may also occur in 
the more permeable sedimentary rocks where they extend beneath im­ 
permeable clay layers in parts of the study area.

In a well that taps a confined ground-water body (fig. 8, wells C 
and D), the water rises above the bottom of the upper confining layer. 
The imaginary surface coinciding with the level to which confined 
water will rise in wells that tap the same confined aquifer is called the 
piezometric surface. If the piezometric surface is higher than the land 
surface at a well, water will flow out of the well (fig. 8, well D). Sev­ 
eral wells that tap confined aquifers in the Eola Hills flow continuously 
or during part of the year (table 1, wells 5/3W-19N1, 6/3W-6R1, and 
7/3W-8R1).

In Dayton Prairie and adjacent segments of the main Willamette 
Valley plain, downward percolation of water from the land surface 
to the water table is impeded greatly by impermeable <?lay lenses in 
the Willamette Silt. The water held above the regional water table in
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this manner may be referred to as semiperched water because it is not 
separated from the main zone of saturation by unsaturated rocks. The 
more permeable water-bearing layers (generally silt or very fine sand) 
above the clay lenses are referred to as semiperched aquifers. Several 
wells in the area tap semiperched aquifers in the Willamette Silt. 
Well E in figure 8 is a hypothetical example of such a well.

The principal features of the hydrologic system of the Eola-Amity 
Hills area are shown cliagrammatically in figure 8. As figure 8 shows, 
the ground-water reservoir receives natural replenishment (recharge) 
chiefly by downward percolation of precipitation that falls within the 
area boundaries. Other means of recharge include lateral percolation 
of ground water into the area from the north and west and downward 
percolation of water from overirrigated farmland. The ground water 
moves downgradient from the areas of recharge and discharges nat­ 
urally through seeps and springs (chiefly along stream channels) and 
by evapotranspiration.2 Some ground water is intercepted by dis­ 
charging wells in the area, but the volume discharged by natural 
means far exceeds that pumped from wells.

Most of the natural recharge takes place during the winter and 
early spring, when precipitation is greatest. The first autumn rains 
restore the soil moisture, but little water percolates to the ground-water 
bodies. However, when the soil has become saturated (generally by late 
November), nearly all the precipitation that is not lost by overland 
runoff or evapotranspiration percolates downward, saturates the per­ 
meable rock materials, and fills the ground-water reservoir. As the 
reservoir fills, ground-water gradients steepen and the rate of dis­ 
charge through seeps and springs increases. When the reservoir is 
filled to near capacity (generally by midspring), the rate of recharge 
cannot exceed the rate of discharge from the reservoir. Consequently, 
any additional water is rejected and lost by evaporation or overland 
runoff.

During the dry summer months the rate of ground-water discharge 
exceeds the rate of recharge, and the upper part of the ground-water 
reservoir becomes dewatered. The continual summertime discharge of 
ground water through seeps and springs helps to sustain the flow of 
the Willamette and Yamhill Rivers and of many of the smaller 
streams during this normal period of low flow.

No estimate was made of the annual change of ground-water storage 
in the Eola-Amity Hills area; however, records of ground-water levels 
collected in the area indicate that even during the drier years there 
was sufficient precipitation in the winter to restore all or most of the

2 Bvapotranspiration is a term used for the return of water to the atmosphere by the 
combined mechanisms of direct evaporation from land and water surfaces and transpira­ 
tion by vegetation.
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water pumped or discharged by natural means during the preceding 
summer.

SPRINGS AND SEEPS

Springs occur under various geohydrologic conditions in the study 
area. Most of the springs in the Eola-Amity Hills and Red Hills of 
Dundee occur along exposed contacts of the marine sedimentary rocks 
and basalt of the Columbia River Group and at places wThere perched 
ground-water bodies intersect the land surface. They generally dis­ 
charge at the heads of small ravines. Those springs that were observed 
by the writer generally discharge a few to several tens of gallons per 
minute, but some discharge as much as 100 gpm during the wet season. 
Most of the larger and more permanent springs in the Eola-Amity 
Hills and Red Hills of Dundee have been developed by installing col­ 
lector systems and storage reservoirs and are used for domestic, stock, 
irrigation, and public supplies. Records of 13 representative springs 
that occur in the Eola-Amity Hills and Red Hills of Dundee are given 
in table 3.

Numerous springs and seeps in the main valley plain are along 
channels of deeply incised streams that intersect the main water table 
or perched ground-water bodies. The springs and seeps are generally 
not seen because they discharge into the streams at or below the water 
surface; thus, the discharge of individual springs or seepage areas 
cannot be directly measured or accurately estimated. However, the 
gain in flow of long reaches of streams represents the total discharge 
of all springs and seeps along those reaches; and in much of the Eola- 
Amity Hills area, the discharge is substantial. On the basis of estimates 
made in French Prairie, which is geologically and hydrologically sim­ 
ilar to the main valley plain in the Eola-Amity Hills area, the volume 
of ground water discharging through springs and seeps directly into 
streams draining 130 square miles of the main valley plain is about 
500 acre-feet per square mile per year. This spring and seep discharge 
sustains the flow of the larger streams during late summer and con­ 
stitutes virtually all the flow of the smaller creeks that rise within the 
study area.

WATER-LEVEL FLUCTUATIONS

Ground-water levels rise and decline chiefly in response to recharge 
to and discharge from the ground-water reservoir. Other phenomena 
that cause ground-water levels to rise and decline include tides, earth­ 
quakes, and changes in atmospheric pressure. (A momentary fluctu­ 
ation of about 0.04 ft in the water level in well 4/4W-27J1, recorded 
Mar. 27, 1964, is attributed to the Alaskan Good Friday earthquake.)

26S-947 O 67   5
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Well 4/3W-33K1; taps the Troutdale Formation

Well 5/3W-21C1; taps 
the Troutdale Formation

Well 5/4W-11D3; taps the. Troutdale Formation

Well 5/4W-20N1; taps the Troutdale Formation

Well S/4W-25G1, taps basalt of the Columbia River Group

Well 5/4W-27E1, taps ma 
sedimentary rocks

Well 7/3W-10E1; taps alluvium and the Troutdale Fo mation

Well 7/3W-17Q1, taps basalt of the Columbia River Group
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Figure 9 shows the hydrographs of water levels in eight wells that 
tap different geologic units in the Eola-Amity Hills area and the 
monthly precipitation recorded at McMinnville during the period 
1962-65.

As figure 9 shows, the water levels in all the wells are generally 
highest during late winter and early spring, coinciding with the pe­ 
riod of greatest monthly precipitation, and are lowest during late sum­ 
mer and early autumn, coinciding with the period of least monthly 
precipitation. The lower levels also coincide and closely follow the 
periods of greatest pumpage and natural discharge of ground water 
in the area.

In general, the ground-water levels in wells that tap the Troutdale 
Formation in the east valley plain have fluctuated about 20 feet per 
year during the approximately 3 years of record (fig. 9, hydrographs 
of wells 4/3W-33K1, 5/3W-21C1, and 5/4W-11D3). In July 1963 a 
rise of water level (about 3.8 ft) was recorded in well 5/4W-11D3, 
whereas declines were recorded in the other observation wells. This in­ 
dicates that some recharge of ground water may have resulted from 
irrigation in the vicinity of well 5/4W-11D3 shortly before that well 
was measured.

Water levels in wells in the west valley plain fluctuate about 10 to 30 
feet or more annually (fig. 9, hydrographs of wells 5/4W-20N1 and 
-2YE1). Gravel aquifers tapped by well 5/4W-20N1 apparently receive 
recharge continually from ground water moving into the study area 
beneath the west boundary. The larger fluctuations of the water level 
in well 5/4W-27E1 are attributed to the fact that the well is pumped 
for irrigation most of the summer.

Water-level records collected in two wells that tap basalt of the 
Columbia River Group in the Eola Hills indicate that the levels, at 
least in the lower altitudes, fluctuate about 5 to 15 feet during the year 
(fig. 9, hydrographs of wells 5/4W-25G1 and 7/3W-17Q1). However, 

the annual fluctuations of water levels at higher altitudes in the Eola- 
Amity Hills may be more than 30 feet (table 1, well 5/4W-35C1). Con­ 
sequently, some wells that tap relatively thin perched aquifers could 
go dry during prolonged periods of dry weather.

In general, ground-water levels in the flood plain of the Willamette 
River fluctuate about 10 to 15 feet during the year, although the fluctua­ 
tions may be somewhat greater than 15 feet in areas of intensive local-

 4 FIGURE 9. Water-level fluctuations in wells in the Eola-Amity Hills area and 
monthly precipitation at McMinnville during the period 1962-65.
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ized pumping. The hydrograph of well 7/3W-10E1, which taps young 
alluvium and Troutdale gravels beneath the Willamette River flood 
plain, is shown in figure 9. The annual range of fluctuations of the 
water level in that well was about 5 feet in 1962 and 1963 and about 
10 feet in 1964.

Figure 10 is a hydrograph, compiled from periodic water-level 
measurements made during the period 1928-65, of the water level 
in well 5/5W-13B1, which taps the Troutdale Formation. As the hy­ 
drograph shows, the water levels, like the levels in wells discussed 
above, are generally highest during late winter and early spring, and 
lowest in late summer and early autumn. There are not enough meas­ 
urements to indicate clearly any rising or declining trends on the hy­ 
drograph over a given number of years. However, the measurements 
that are available indicate that the water table fluctuated within the 
same range of levels during the entire period of record, even though 
there were some years of below-average precipitation. A long period of 
below-average precipitation in the region would very likely cause a 
declining trend in the ground-water levels in the study area.

20

30

Dashed line indicates period of more than 
one year between measurements

I I j__I
1935 1940 1945

1945 1950 1955 1960 1965

FIGUEE 10. Water-level fluctuations in well 5/5W-13B1, which taps the Trout- 
dale Formation, during the period 192S-65.
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CHEMICAL QUALITY OF THE GROUND WATER

The chemical analyses of 14 water samples collected in the Eola- 
Amity Hills area are given in table 4. One of the samples (sample 14) 
was collected from a spring that issues from the base of the Colum­ 
bia River Group (table 4, 7/4W-llMls). The other samples were col­ 
lected from wells that tap various geologic formations in the study 
area. Samples 1 and 13 are from wells believed to tap alluvium; sam­ 
ples 2, 4, 5, and 6 are from wells that tap the Troutdale Formation; 
sample 3 is from a well that taps the Willamette Silt; samples 7, 9, 
and 12 are from wells that tap basalt of the Columbia River Group; 
and samples 8,10, and 11 are from wells that tap marine sedimentary 
rocks. Twelve of the analyses given in table 4 are illustrated graphi­ 
cally in figure 11 to show the relative concentrations of important 
mineral constituents in the water. Excluded from figure 11 are the 
analysis of sample 10, a brine from deep in the marine sedimentary 
rocks, and the partial analysis of sample 8.

As figure 11 shows, the samples from the basalt of the Columbia 
River Group and alluvium contained the lowest concentrations of 
dissolved minerals. The samples from the Troutdale Formation and 
the Willamette Silt contained somewhat greater concentrations than 
those from the basalt and alluvium, and the sample from marine sedi­ 
mentary rocks contained moderate to large concentrations of dissolved 
minerals.

The chemical analyses indicate that most of the water from, the 
nonmarine sedimentary rocks (Troutdale Formation, Willamette Silt, 
and alluvium) and the Columbia River Group is of generally good 
chemical quality for most uses. The ground water from these rocks is 
soft to moderately hard and contains only small to moderate amounts 
of dissolved solids. The dissolved solids in the 11 samples from the 
nonmarine sedimentary rocks ranged from 85 to 273 ppm and averaged 
about 157 ppm. Three of the samples (2, 6, and 7) contained unusually 
large concentrations of iron.

In contrast, the chemical analysis of water from well 6/4W-6F1 
(sample 10) shows that the marine sedimentary rocks contain highly 
mineralized water at great depths. The two samples (8 and 11) from 
wells that tap the marine sedimentary rocks at depths of less than 
about 200 feet are considerably less mineralized, although the sample 
from a depth of 191 to 201 feet (sample 11) contained 1,160 ppm of 
chloride and 2,100 ppm of dissolved solids.

Several of the more significant dissolved mineral constituents and 
properties of the ground waters sampled in the Eola-Amity Hills area 
are discussed briefly below. The reader is referred to a report by Hem 
(1959) for a more detailed discussion of the chemical characteristics 
of natural waters.
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Qw, Willamette Silt Tcr, Columbia River Group 
Tm, marine sedimentary rocks 

Tt

FIGURE 11. Chemical character of ground water. Numbers at top of bars cor­ 
respond to sample numbers in table 4.

IRON

Iron occurs in solution at two levels of oxidation ferrous (Fe+2 ) 
and ferric (Fe+3 ). Both forms can be present in the same solution under 
certain conditions. However, in the pH range of most ground water, 
significant amounts of dissolved iron are stable only in the ferrous 
form within a reducing (oxygen-deficient) environment. The ferrous 
form changes to the insoluble ferric form in the presence of oxygen. 
Thus, the water can contain as much as several parts per million of 
dissolved iron in a reducing environment, such as in deep aquifers; but 
the iron in solution becomes unstable and precipitates as ferric hydrox­ 
ide (rust) when the water is brought to the surface and exposed to the 
atmosphere.
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Water containing more than about 0.3 ppm of iron can cause staining 
of utensils and laundry and can turn a rust color upon exposure to the 
atmosphere.

Of the 13 ground-water samples collected in the Eola-Amity Hills 
area and analyzed for iron, 6 contained less than 0.3 ppm of iron. The 
other seven contained concentrations of iron that ranged from 0.35 to 
9.7 ppm and averaged 2.08 ppm. The unusually high concentrations 
(7.7 and 6.3 ppm) of iron in the samples from wells 4/3W-33K1 and 
5/4W-1C1 (table 4, samples 2 and 6) were probably dissolved largely 
from iron-oxide cementing material in the Troutdale Formation.

It seems unlikely that all the iron (9.7 ppm) in sample 7 from well 
5/4W-25G1 was dissolved from basalt of the Columbia River Group 
because the concentration of iron in waters from that formation seldom 
exceeds 1 ppm. Well 5/4W-25G1 was not used for more than a year 
prior to the time that it was pumped to collect the water sample. Conse­ 
quently, most of the iron in the sample was probably dissolved from 
the well casing and the pump column during the long period of time 
when the well was not used. Even though the well was pumped at a 
rate of about 75 gpm for more than 20 minutes (total withdrawal about 
1,500 gal) before the sample was collected, the pumpage may not have 
been sufficient to remove all the abnormally iron-rich water from the 
well and aquifer.

CHXiOBIl>E

The U.S. Public Health Service (1962, p. 7) recommends that the 
upper limit for the concentration of chloride in drinking water be 250 
ppm. A concentration of 300 ppm or more causes the water to have a 
noticeably salty taste, but water containing concentrations of chloride 
as great as about 1,000 ppm is used for domestic supplies in many 
places, including the study area, despite the salty taste.

The concentration of chloride in water from the Columbia River 
Group and from the nonmarine sedimentary rocks was generally 
low. In the 11 water samples collected from these rocks, chloride 
ranged from 2.0 to 10 ppm and averaged only 4.8 ppm. The chloride in 
the four samples collected from the Columbia River Group (table 4, 
samples 7, 9,12, and 14) averaged only 2.4 ppm.

The analyses of the three samples collected from the marine sedi­ 
mentary rocks (table 4, samples 8,10, and 11) show that the water in 
those rocks contains moderately large to extremely large concentrations 
of chloride and that the chloride content increases markedly with 
depth. For example, sample 8, collected from a depth of 50 to 77 feet, 
contained 172 ppm of chloride; sample 11, collected from a depth of 
191 to 201 feet, contained 1,160 ppm of chloride; and sample 10,
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collected from an assumed depth of about 2,000 feet, contained 26,000 
ppm of chloride.3

The increasing concentration of chloride with depth in the marine 
sedimentary rocks is brought about chiefly by mixing of the fresh 
ground water of meteoric origin with connate water entrapped in 
the rocks during their deposition. Much of the connate water has been 
displaced from the rocks at shallow depth, where ground water circu­ 
lates more freely; but very little has been removed at great depths, 
where ground-water circulation is slow.

FTjUOIUDE

Although fluoride is present in natural waters generally in concen­ 
trations of less than 1 ppm, its presence in drinking waters is important 
because of its effects on teeth. Concentrations of about 1.0 ppm of 
fluoride in drinking waters are considered beneficial in the formation 
of sound teeth (Dean, 1936, p. 1269-1272). However, concentrations 
of fluoride in excess of about 2 ppm in water consumed by children 
during the formation of their teeth may cause the enamel to become 
mottled. Nine water samples collected in the Eola-Amity Hills area 
were analyzed for fluoride. Concentrations of fluoride in these nine 
samples ranged from 0.1 to 0.5 ppm, amounts that may be slightly 
beneficial to tooth development.

HARDNESS OF WATER

Hardness is a property of water that causes excess consumption 
of soap used during washing. Hardness of water is caused principally 
by dissolved calcium and magnesium. These constituents and silica 
are a primary source of scale that forms in boilers and in cooking 
utensils. The relative degree of water hardness can be evaluated from 
the following arbitrary classification in use by the U.S. Geological 
Survey.

Hardness as CaCO3
(parts per million) Degree of hardness

0-60 ___________________ Soft. 
61-120 __________________ Moderately hard. 

121-200 __________________ Hard. 
>200 ___________________ Very hard.

The hardness of most of the ground water in the Eola-Amity Hills 
area ranged from soft to moderately hard. Four water samples col­ 
lected from the Columbia Kiver Group (table 4, samples 7, 9, 12, and 
14) ranged in hardness from 18 to 38 ppm, which is in the soft category.

3 Data are scant regarding the well (6/4W-6F1) from which sample 10 was collected. 
The present owner reported that the well was cased to its total depth of 2,985 feet, but 
that the water rises from a depth of about 2,000 feet through holes in the casing.



GROUND WATER 37

Two water samples from the alluvium (samples 1 and 13), two from 
the Troutdale Formation (samples 4 and 5), and one from the marine 
sedimentary rocks (sample 11) had hardnesses that ranged from TO 
to 116 ppm, which is in the moderately hard category. Two water 
samples from the Troutdale Formation (samples 2 and 6), one from 
the marine sedimentary rocks (sample 8), and the sample from the 
Willamette Silt (sample 3) had hardnesses that ranged from 141 to 
197 ppm, which is in the hard to very hard categories.

The moderate hardness of sample 11 (106 ppm) is unusual, when 
one considers that most waters having concentrations of dissolved 
solids in the range found in this sample (2,100 ppm) are generally 
hard or very hard. Apparently the water from which sample 11 was 
collected has been softened naturally by coming into contact with 
minerals that have a high capacity for ion exchange. The ground 
water exchanges calcium and magnesium (which make water hard) 
for sodium, which is not a hardening constituent. This type of ex­ 
change, which generally results in a sodium bicarbonate water, has been 
observed in a number of areas throughout the country (Hem, 1959, 
p.220).

SUITABILITY OF THE GROUNI> WATER FOR IRRIGATION

Ground water from the Columbia Kiver Group and the nonmarine 
sedimentary rocks is chemically excellent for irrigation. Water from 
the marine sedimentary rocks is less favorable for irrigation, although 
water from several wells that tap those rocks is used to irrigate lawns, 
gardens, pasture, and some crops without harmful effects.

The characteristics most important in determining the suitability 
of water for irrigation are (a) the total amount of soluble salts, (b) 
the relative proportion of sodium to other cations in the water, and 
(c) the concentration of boron or other elements that may be toxic 
to plants (U.S. Salinity Laboratory Staff, 1954, p. 69).

Large amounts of dissolved solids (soluble salts) in irrigation water 
can have some harmful effects on crops and soil. The concentration 
of soluble salts in water is indicated by the electrical conductivity 
(specific conductance), which is usually expressed in micromhos at 
25° C. (table 4). By measuring the specific conductance of the water, 
one can obtain an indication of its salinity hazard. If the specific con­ 
ductance of the irrigation water is high, the salinity hazard may be 
high. The range of conductivity of waters sampled in the study area 
(except sample 10) indicates that those waters may be applied to 
virtually all soils without harmful effects.

The sodium (alkali) hazard involved in use of water for irrigation 
is determined by the proportion of sodium relative to calcium and
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magnesium in the water. If the proportion of sodium is high, the 
alkali hazard is high; conversely, if the proportion of calcium and 
magnesium is high, the alkali hazard is low.

A useful index for designating the sodium hazard is the sodium- 
adsorption-ratio (SAR), which is related to the adsorption of sodium 
by the soil. The classification of waters with respect to SAR is based 
primarily on the effects of exchangeable sodium on the physical con­ 
ditions of the soil.

Figure 12 is a diagram used for the classification of irrigation 
waters on the basis of specific conductance and SAR. This diagram 
classifies irrigation water into 16 categories, ranging from low salinity 
(Cl) and low sodium (SI) to high salinity (C4) and high sodium 
(S4). Water in the 01-$ 1 category can be used on practically all 
soils with little danger of harmful effects on the soils or crops; water 
in the C4-S4 category is unsuitable for any type of crop or soil except 
under special conditions.

Most of the analyses plotted in figure 12 fall in the Cl-Sl class (low- 
salinity-low-sodium hazard) and the C2-S1 class (medium-salinity- 
low-sodium hazard) and therefore are suitable for irrigation. How­ 
ever, one analysis that of sample 11 from the marine sedimentary 
rocks is in the very high salinity-very high sodium hazard category. 
Even though the indicated hazard is high, the water may be suitable 
for irrigation in the study area. (The classification shown in fig. 12 
applies chiefly to warm, dry climates and may not apply strictly to 
the more humid climate of the study area.) The well from which 
sample 11 was collected (well 6/4W-17K1) is used mainly for supple­ 
mentary domestic supply and for watering of a small lawn and shrubs; 
and according to the owner, the water has had no harmful effects on the 
plants and soil.

Small amounts of boron are essential to the growth of nearly all 
plants; a slight excess over the required amount, however, is toxic to 
some types of plants. Therefore, plants may be classified as sensitive, 
semitolerant, and tolerant according to their ability to withstand boron 
concentrations (Wilcox, 1948). Of the more common irrigated crops 
in the Eola-Amity Hills area, legumes and corn are most sensitive to 
boron and may not withstand concentrations of more than about 1 ppm. 
Other irrigated crops in the area, such as cabbage and alfalfa, are 
tolerant to boron and can withstand concentrations of as much as 
about 3 ppm.

Only two analyses in table 3 include a boron determination. Both 
reported concentrations (0.00 to 0.36 ppm) are nontoxic to even the 
most boron-sensitive plants.
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TEMPERATURE OF THE GROUND WATER

Most of the ground-water temperatures given in table 1 were taken 
by the well drillers at the time the wells were completed. The tempera­ 
tures given in table 4 were taken at the time of water-sample collection.

The temperature of ground water at shallower depths (generally 
less than 100 ft) is controlled largely by the mean annual air tempera­ 
ture, which ranges from about 50° to 54° F. in the Eola-Amity Hills 
area. Owing to the earth's natural temperature gradient, the tempera­ 
ture of ground water in the deeper aquifers (below 100 ft) increases 
with depth by about 1.8° F. for each 100 feet.

The temperature of the ground water from most of the wells in the 
Eola-Amity Hills area ranges from about 54° to 56° F. However, 
wintertime temperatures as low as 46° F. have been reported for 
waters from some of the shallower aquifers, owing to rapid recharge 
to the aquifers from rain and snow. Water from well 7/3W-8J1, which 
taps confined ground water in the Columbia River Group at a depth 
of 160 to 326 feet, reportedly had a temperature of 69° F. when the well 
was completed. This is somewhat warmer than could be expected if the 
rock and water temperatures were influenced only by the earth's nat­ 
ural temperature gradient. The water may have been wanned by heat 
generated along a fault (not shown on map) in the Salem Hills (Wells 
and Peck, 1961, map), which apparently passes beneath the Willa- 
mette River not far from that well.

UTILIZATION OF GROUND WATER

In the Eola-Amity Hills area, ground water is used mainly for irri­ 
gation and also for domestic, public, and industrial supplies. As used 
in this report irrigation supplies include water used for irrigation of 
crops, orchards, and pastures; domestic supplies include water used 
for household requirements, watering of stock, and irrigation of lawns 
and small gardens; public water supplies include water supplied to 
municipalities, water districts serving suburban residential areas, and 
school and recreational facilities; and industrial supplies include water 
used in processing and packing of fruits and vegetables, dairy opera­ 
tions, and processing of meat and poultry.

The total annual ground-water withdrawal for all uses in 1964 was 
estimated to be about 6,100 acre-feet. The amounts withdrawn for each 
major use are shown in the following table and are discussed below.

IRRIGATION

Most of the ground water used for irrigation in the study area is 
withdrawn from wells in Dayton Prairie and in segments of the present 
Willamette River flood plain. Nearly all those wells are equipped with
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electrically powered pumps of known horsepower rating. By using 
data supplied by Portland General Electric Co. on the electric power 
consumed to operate the pumps during 1964 and estimates of the 
average pumping head in the area, it was estimated that the total 
volume of water pumped from the wells in 1964 was about 3,400 acre- 
feet. Another 1,400 acre-feet was estimated to have been withdrawn 
from springs and wells for which electric-power-consumption data were 
not available by determining the number of acres and types of crops 
irrigated with water from those wells and springs. During 1964, 
therefore, a total of approximately 4,800 acre-feet of ground water is 
estimated to have been pumped for irrigation in the study area; this 
is about 80 percent of the estimated total volume of ground water with­ 
drawn for all uses during that year.

Estimated
Principal uses amounts, 1964 

of ground water (acre-feet) 
Irrigation supplies____________  _           4, 800
Domestic supplies__________________       630
Public supplies--^_________________ _____      430
Industrial supplies_ __________________     250

Total (rounded) _____________________ 6,100

DOMESTIC SUPPLIES

Most of the wells and many springs in the Eola-Amity Hills area are 
used for domestic supplies, and most of these also supply water for 
livestock and for irrigation of lawns and small gardens.

The volume of ground water used for domestic supplies in 1964 was 
determined on an estimated daily per capita water requirement of 
about 75 gpd (gallons per day) for the rural segments of the study 
area. This estimate takes into account water used for all household 
requirements, watering of stock, and irrigation of lawns and small 
gardens. It is based on data collected in nearby water districts, where 
reasonably accurate records are kept of the amount of water delivered 
for rural domestic supplies.

The rural population of the Eola-Amity Hills area not served by 
public-supply systems in 1964 was estimated to be about 7,500. Assum­ 
ing that an average of about 75 gpd was required for each individual 
using privately owned domestic wells and springs, the volume of 
ground water withdrawn for domestic supplies in 1964 was about 
562,000 gpd, or about 630 acre-feet.

PUBLIC SUPPLIES

The two largest cities in the Eola-Amity Hills area, McMinnville 
and West Salem, obtain their municipal water supplies from surface- 
water sources outside the study area. McMinnville's water supply is 
piped from Haskins Creek, which heads in the Coast Range; and West
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Salem's supply is piped by the Salem Water Department from the 
North Santiam River, which heads in the Cascade Range. Three wells 
in West Salem are maintained by the Salem Water Department on a 
standby basis and are used only for emergency supplies in West Salem.

Other towns in the study area that have public water-supply systems 
obtain their entire water supply from wells, springs, or both. These 
towns include Dayton, Lafayette, Amity, Hopewell, and Eola. A farm 
labor camp, a water district, several neighborhood water-supply sys­ 
tems, and several rural schools also obtain all or part of their water 
supply from wells or springs.

Very few records are kept of the volume of water pumped for public 
supplies in the Eola-Amity Hills area. Therefore, the pumpage could 
be estimated only by interviewing persons most familiar with the indi­ 
vidual water-supply systems and by determining from data so obtained 
the capacities, pumping rates, and number of people served. Thus, it 
was estimated that about 430 acre-feet of ground water was used for 
public supplies in the area in 1964. The largest amount (about 97 acre- 
ft) was used by the town of Dayton.

INIWSareilAXi SUPFXjIES

Only a small amount of ground water is withdrawn for industrial 
supplies in the study area as compared with the amounts withdrawn 
for irrigation and other uses. Most of the larger industries of the 
region are in Salem and McMinnville and are supplied with surface 
water. Industries that do utilize ground water include food process­ 
ing and packing and dairy operations.

About 250 acre-feet of ground water was pumped for these indus­ 
tries during 1964. The largest amount, by far (about 220 acre-ft), 
was pumped for food processing and packing at the Stayton Canning 
Co.'s Alderman Farms plant, about 5 miles south of Dayton.

GROUND-WATER CONDITIONS AND AVAILABILITY 
BY SUBAREAS

The occurrence, quality, and availability of ground water in any 
given area are controlled largely by the nature and distribution of 
the rock units that underlie that area and by the relation of those 
rocks to each other and to the main zone of saturation. At least seven 
geologic units of differing water-bearing properties underlie the 
study area. The uneven areal distribution of the rock units and their 
relation to each other and to the main zone of saturation make the 
occurrence, quality, and availability of ground water highly variable. 
The hydrologic properties of the rock units that underlie the area are 
discussed in an earlier section (p. 16 to 25). The areal distribution 
of the rock units is shown on plate 1, and their relation to each other
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and to the main zone of saturation is shown diagrammatically in 
figure 8.

On the basis of geologic, hydrologic, and physiographic conditions, 
the study area is divided into four major ground-water subareas, each 
differing somewhat from the others in occurrence, quality, and avail­ 
ability of ground water. These ground-water subareas include the 
Eola-Amity Hills, the east valley plain, the west valley plain, and the 
flood plain of the Willamette Kiver.

EOLA-AMITY HILLS

The Eola-Amity Hills subarea includes the Eola-Amity Hills and 
the part of the Red Hills of Dundee that extends into the study area. 
These hills are underlain by marine sedimentary rocks that are capped 
on their east slopes by basalt of the Columbia Kiver Group. Both 
geologic units dip gently to the east.

At higher altitudes in the Eola-Amity Hills subarea, the main water 
table is generally more than 200 feet below the land surface. Con­ 
sequently, some wells at the higher altitudes must be drilled to con­ 
siderable depths to obtain sufficient water for domestic use. However, 
shallow, discontinuous bodies of perched ground water occur locally 
above the 200-foot level. These perched ground-water bodies (some 
less than 20 ft below the land surface) yield sufficient water for 
domestic requirements, but the water is yielded much too slowly to 
support large continual withdrawals such as are needed for irrigation 
and public supplies. Pump-test data collected and analyzed by D. H. 
Hart, U.S. Geological Survey (written commun., January 1953), 
showed this to be the case with the perched ground-water body tapped 
by well 7/4W-24G1. The data collected during the test indicate that 
the ground-water body is confined and of limited extent.

When a well that taps an extensive confined ground-water body is 
pumped at a constant rate, the drawdown of water level in the well 
below the nonpumping level increases roughly as the logarithm of 
pumping time. Therefore, a graph in which the drawdown of water 
level is plotted against the logarithm of time should be roughly a 
straight line. The slope, or change in slope, of this line reflects the 
inherent characteristics of the aquifer; steepening of the slope of the 
line without increasing the rate of pumping may be caused by one 
or more of the following possibilities: (a) The outer edge of the cone 
of depression 4 intersects one or more relatively impermeable zones

4 Cone of depression is a phrase used to refer to the drawdown of the water table (or 
piezometric surface) around a discharging well (as shown in cross section at the hypo­ 
thetical discharging well, well A, in fig. 8). When a well begins to discharge, the cone of 
depression expands and deepens until the rate of movement of water through the aquifer 
toward the discharging well equals the rate of discharge from the well; when this occurs, 
the cone of depression will remain stable.
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in the aquifer, (b) the outer edge of the cone of depression intersects 
an impermeable boundary of the aquifier, or (c) dewatering of the 
upper part of the aquifer by the pumping reduces the saturated thick­ 
ness of the aquifer and the cross sectional area through which the 
water can be drawn.

Figure 13 shows the drawdown of water level in well 7/4W-24G1 
plotted against the logarithm of pumping time. The pumping rate 
ranged from 98 to 105 gpm. As figure 14 shows, the relation between 
drawdown and the logarithm of pumping time began to deviate from 
a straight line after about 200 minutes of pumping and continued a 
gradual downward trend until the end of the test. This could have 
been caused by one or more of the conditions mentioned above. In any 
event the test indicated that the aquifer would not sustain a pumping 
rate of about a hundred gallons per minute for indefinite periods of 
time.

At lower altitudes on the east side of the Eola-Amity Hills subarea, 
the Columbia River Group extends beneath the main water table. 
At these lower altitudes, wells that tap the basalt of the Columbia 
River Group are more likely to retain their original specific capacities 
during long periods of pumping than those that tap the discontinuous 
perched water bodies at higher altitudes; this is chiefly because there 
is less possibility of dewatering of the aquifers in the main zone of 
saturation. Several wells of moderate yield that tap the basalt of 
the Columbia River Group along the lower east slopes of the Eola 
Hills reportedly have fairly constant yields throughout the irrigation 
season. (See table 1, records of wells 5/3W-30M1, 6/3W-6J1, and 
7/3W-8G1.)

The chemical quality of the water of the Eola-Amity Hills subarea 
is excellent to good for most uses, as indicated by the analyses of 
samples 7, 8, 9, 12, and 14 in table 4. However, wells that penetrate 
the marine sedimentary rocks considerably below the base of the 
basalt in this subarea could possibly pump water of less desirable 
chemical quality.

EAST VALLEY PLAIN

The geologic units that underlie the east valley plain are, in de­ 
scending order, the Willamette Silt, the Troutdale Formation, the 
Columbia River Group (probably absent locally), and the marine 
sedimentary rocks. (See sections on pi. 1.) Most of the ground water 
utilized in this subarea is pumped from the Troutdale Formation, 
although some wells tap the Willamette Silt or basalt of the Columbia 
River Group.
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In the east valley plain the main water table is generally less than 
50 feet below the land surface (see pi. 1), and most wells obtain 
water below that level; that is, from the main zone of saturation. 
Most wells in the Dayton Prairie and Spring Valley segments of the 
east valley plain are less than 150 feet deep, whereas those in the 
segment of the subarea between Dayton and Hopewell are generally 
between 200 and 310 feet deep.

Large-diameter wells in the east valley plain produce moderate 
to large quantities (as much as 900 gpm) of water with drawdowns 
of less than 100 feet. The most productive wells are those that tap 
gravels in the Troutdale Formation beneath the west half of Dayton 
Prairie and the segment of the subarea due west of Grand Island, 
although wells that tap only sand in the vicinity of Dayton re­ 
portedly produce as much as 480 gpm with 110 feet of drawdown.

On the basis of drillers' logs, it is estimated, using a method 5 
described by Davis, Green, Olmsted, and Brown (1959, p. 211-241), 
that there is about 935,000 acre-feet of recoverable ground water of 
good quality in the 10- to 200-foot-depth zone beneath the 42,500-acre 
(or 67 sq mi) east valley plain. There is considerably more good- 
quality ground water available for recovery below the 200-foot-depth 
zone; however, there are insufficient well-log and quality-of-water 
data for aquifers below the 200-foot level on which to base quantitative 
estimates.

The chemical quality of ground-water samples collected in the east 
valley plain was found to be suitable for most uses, although the 
water from two wells (4/3W-33K1 and 5/4W-1C1) contained un­ 
usually large concentrations of dissolved iron. (See table 4, analyses 
of samples 2 and 6.) Also, the water from well 5/3W-9N1, which is 
one of the deepest (307 ft) wells in the subarea, was judged by the 
well owner to be too "saline" for irrigation after a corn crop had been 
damaged. A chemical analysis of the water was not available from 
which to determine the harmful constituents in the water, but the 
fact that the water was not suitable for irrigation (at least for corn) 
suggests that deeper wells in the vicinity of well 5/3W-9N1 or other 
parts of the subarea could also yield water containing harmful min­ 
eral constituents.

The predominance of fine sand in aquifers tapped by many wells 
in the east valley plain causes a major problem in development of

5 (a) Estimated specific-yield values were assigned to several lithologic types in repre­ 
sentative wells, as follows: Gravel or gravel and sand, 25 percent; sand, 20 percent; sand 
tincl clay, 15 percent; and clay, 5 percent; (b) an average specific yield, based on total 
thicknesses of respective lithologic units, was then computed for each township for the 
depth zone 10 to 200 ft; (c) the volume of saturated rocks in this depth zone was then 
multiplied by the computed average specific yield to obtain the volume of recoverable 
ground water.
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ground water. The sand enters the wells, generally through oversize 
perforations, and causes excessive wear on pumps and water-supply 
systems. Also, sand and sediment accumulate in some wells, a condi­ 
tion which eventually necessitates cleaning and redeveloping those 
wells. In some wells artificial gravel packs have been used with mod­ 
erate success, but great care must be taken in the selection and place­ 
ment of the pack material around the well screen or perforated liner 
so that an effective pack may be formed.

In other areas, where sand has been a problem in ground-water 
development, well screens have been used with greater success than 
have gravel packs. Wells equipped with properly designed and fabri­ 
cated well screens (with a slot size to match the grain size of the 
aquifer materials) have an advantage over wells with perforated 
casings and gravel packs because the well screens provide more area 
open to the aquifer and have a slot size small enough to hold out the 
larger sand particles. The increased open area provides a greater 
yield from the well per unit drawdown, and the resultant lower en­ 
trance velocities reduce the quantity of sand drawn into the well with 
the water and subsequently pumped from the well.

Some wells in the subarea tap aquifers that contain a large per­ 
centage of silt. Even if those wells were equipped with well screens, 
the silt could not be held back because it is suspended in the pumped 
water. Suspended silt can be troublesome in water-supply systems 
where sediment-free water is needed.

There is no way to avoid pumping suspended sediment except by 
casing off the silt-producing strata during well construction. Care­ 
ful logging of the well is necessary to ensure that the casing will not 
be perforated or that a screen will not be placed opposite a silt- 
producing stratum.

WEST VALLEY PLAIN

Much of the west valley plain is underlain by marine sedimentary 
rocks, which in most places are covered by a veneer of the Troutdale 
Formation and Willamette Silt. In the subarea, therefore, most wells 
more than a few feet deep obtain water from the rather impermeable 
marine sedimentary rocks and generally yield less than 10 gpm. One 
well that taps the marine sedimentary rocks beneath the west valley 
plain was reportedly pumped at a rate of 120 gpm (table 1, well 
5/4W-2TE1), but it is unlikely that more than a few gallons per 
minute of water can be obtained from other wells that tap this rock 
unit.

Locally in the subarea, however, alluvial deposits (probably the 
Troutdale Formation) overlie the marine sedimentary rocks. The more 
permeable of these deposits underlie the valley of the South Yamhill
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River and yield moderate quantities of water to wells. Well 5/5W- 
25A1, which taps these deposits, reportedly yielded 250 gpm with 61.5 
feet, of drawdown. Wells 5/4W-20N1 and 5/5W-1P1 tap both the 
Troutdale Formation and the marine sedimentary rocks but are be­ 
lieved to obtain most of their yield from the Troutdale. They report­ 
edly yielded 60 gpm with 97 feet of drawdown and 75 gpm with 160 
feet of drawdown, respectively.

A major problem affecting the devolpment of ground water in the 
west valley plain, aside from the low. permeability of the marine sedi­ 
mentary rocks that underlie most of that subarea, is the mineral con­ 
tent of the ground water in those rocks particularly of the water 
from deeper producing zones. The amount of water that can be 
pumped from a well is determined to some extent by the depth drilled 
and the number of producing zones penetrated and is therefore limited 
locally because of poor-quality water from the deeper producing zones.

WILLAMETTE RIVER FLOOD PLAIN

The principal aquifers in the Willamette River flood plain include 
sand and gravel deposits in the alluvium of the Willamette River and 
in the Troutdale Formation which underlies the alluvium in most 
places. The alluvium generally is 40 to 70 feet thick in most parts of 
the subarea. The underlying Troutdale Formation extends to depths 
at least 120 feet or more below the base of the alluvium in Grand 
Island (table 2, log of well 5/3W-22J1) and probably to even greater 
depths in other parts of the subarea downstream from Salem. Up­ 
stream from Salem, along Hayclen Slough, the alluvium is generally 
less than 50 feet thick and rests on marine sedimentary rocks (table 2, 
logofwel!7/4W-36Fl).

The water table is only a few feet below the land surface in most 
parts of the Willamette River flood plain and intersects the land sur­ 
face locally, as in abandoned stream channels and meander scars. It 
slopes toward the Willamette River and rises and declines with the 
stage of the river.

Ground water is pumped in the subarea mainly for irrigation; most 
of the wells are less than 100 feet deep and yield moderate to large 
quantities of water with only a few feet of drawdown. Because of the 
small drawdowns, many of the wells are equipped with centrifugal 
pumps, which are easily transported and can be stored during the 
winter. Locally on Grand Island, several wells failed to penetrate suffi­ 
cient permeable material in the alluvium and were drilled into the 
Troutdale Formation to depth of about 190 feet. Those wells (table 1, 
wells 5/3W-15R1 and 22Jl) flow at land surface.
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It is estimated that about 420,000 acre-feet of recoverable ground 
water is stored in the 10- to 200-foot-depth zone in the 14,270 - acre Wil- 
lamette River flood plain; this estimate is based largely on specific 
yields determined in Mission Bottom and other flood-plain segments 
of the Willamette River east of the study area (Price, 1967).

The chemical quality of the ground water in the Willamette River 
flood plain is suitable for most uses. Two samples, Nos. 1 and 13 (table 
4), from wells believed to tap alluvium of the Willamette River con­ 
tained only 132 and 156 ppm of dissolved solids, respectively. A sample 
(No. 5) collected from well 5/3W-15R1, which taps the Troutdale 
Formation in Grand Island, contained 211 ppm of dissolved solids. 
None of the samples had significantly large concentrations of unde­ 
sirable mineral constituents.

SUMMARY

Ground water is generally available throughout the Eola-Amity 
Hills area, but the quantities that can be developed vary considerably 
from place to place. Small but usable quantities for domestic and stock 
supplies can generally be developed from wells that tap the marine 
sedimentary rocks underlying most of the area west of the Eola-Amity 
Hills. In the Eola-Amity Hills small quantities of water can be ob­ 
tained from the marine sedimentary rocks, and small to moderate 
quantities are obtainable from the basalt of the Columbia River 
Group. However, the amount of water yielded by a well that taps the 
basalt of the Columbia River Group depends greatly on the thicknesses 
of saturated permeable zones in the basalt penetrated, and those thick­ 
nesses vary considerably over short distances. In the main valley plain 
north and east of the Eola-Amity Hills and in the flood plain of the 
Willamette River, moderate to large quantities of water are available 
from the Troutdale Formation and alluvium of the Willamette River. 
The Willamette Silt, which blankets much of the Eola-Amity Hills 
area below an altitude of about 200 feet and ranges in thickness from 
less than 1 foot to about 75 feet, yields only small quantities of water 
to wells.

It is estimated that more than 1.3 million acre-feet of recoverable 
ground water is stored in the 10- to 200-foot-depth zones in the east 
valley plain and Willamette River flood plain, although no estimate 
was made for the rest of the Eola-Amity Hills area.

Most of the ground water, which receives replenishment mainly 
from precipitation that falls in the area (1900-64 average about 42 in. 
per yr), discharges naturally through unused seeps and springs and
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by evapotranspiration. At least part of that water could be intercepted 
and put to beneficial use by pumping from wells and by developing 
springs.

Major problems affecting the utilization of ground water in the 
Eola-Amity Hills area are (a) uneven distribution of the more per­ 
meable rocks throughout the study area, (b) undesirable chemical 
quality of ground water locally in the marine sedimentary rocks, and 
(c) undesirable effects of sand and silt on the efficiency and life of 
wells that tap the Troutdale Formation and on pumps and water- 
distribution systems. Other problems, such as mutual interference 
between discharging wells and local overdraft, may arise as develop­ 
ment of ground water increases.

BASIC GROUND-WATER DATA

The data summarized in the following tables are representative of 
all ground-water data previously available or collected in the study 
area during this investigation. Virtually all the data collected during 
this investigation have been published by the Oregon State Engineer 
(Price and Johnson, 1965). Additional unpublished ground-water 
data, including well records and ground-water-level records, are on 
file at the offices of the Oregon State Engineer, Salem, and the U.S. 
Geological Survey, Portland, Oreg.

Most of the well records shown in table 1 (records of representa­ 
tive wells) were obtained from reports compiled by the drillers of the 
wells and from interviews with the well owners and operators. Most 
of the lithologic logs of wells given in table 2 were also obtained from 
well-drillers' reports. Those logs have been edited for consistency of 
terminology but have not been otherwise changed. The geologic desig­ 
nations have been assigned by the writer.

Only a few of the many springs presently being used in the Eola- 
Amity Hills and the Red Hills of Dundee are listed in table 3 to illus­ 
trate the various modes of occurrence and uses and to show the range 
of yield of the springs.

Table 4 (chemical analyses of ground waters) includes at least one 
analysis of water from each of the major geologic units tapped by wells 
in the study area, and all the analyses were made by the Geological 
Survey.
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58 GROUND WATEB, EOLA-AMITY HILLS AREA, ORE.GON1 

TABLE 2. Drillers' logs of representative wells

Material
Thick­ 

ness 
(feet)

Depth 
(feet) Material

Thick­ 
ness 
(feet)

Depth 
(feet)

4/3W-11C1
E. Forrest. Alt 140 ft. Drilled by A. M. Jannsen Drilling Co., 1937. Casing: 6-in. diam to 192^ ft;

unperforated]

Willamette Silt:

Troutdale Formation: 
Sand, hard. __ ______ ...

2
24
10

6
1

20
97
32

2
26
36

42
43
63

160
192

Columbia River Group:
1
3

193
196

4/4W-8H1
[C. E. Conrad. Alt 155 ft. Drilled by Wilcox Drilling Co., 1958. Casing: 6-in. diam to 96 ft; perforated

79-96 ft]

Willamette Silt: 
Top soil-    -  - 2

17
10

9
22
8

2
19
29
38
60
68
73

Troutdale Formation:
11
HH

84
9514
96

4/4W-30J1
[McMinnville Orange. Alt 140 ft. Drilled by Wilcox Drilling Co., 1960. Casing: 6-in. diam to 60H ft; per­ 

forated 54-60 ft; gravel pack 29-60 ft]

Willamette Silt: 
Top soiL--.-------.-. ---...--.

Troutdale Formation: Sand and

2 
27 
17

3

2 
29 
46

49

Marine sedimentary rocks: 
Mudstone, brown, gritty. .... 
Mudstone, blue and black,

12 

35

61 

96

5/3W-9N1

[Howard Baker. Alt 160 ft. Drilled by Willamette Drilling Co., 1959. Casing: 10-in. diam to 301 ft; perforated 
110-115 ft, 258-266 ft]

Willamette Silt:

Willamette Silt and Troutdale

Troutdale Formation: 
Sand, black, water-bearing...

2 
23

87

3 
23 
65

2 
25

112

115 
138 
203

Troutdale Formation   Con.

Clay, black. ..................

Sand, brown; some gravel. ... 
Clay, blue, with boulders .... .

17 
10 
30 

6 
19 
15 

6 
1

220 
230 
260 
266 
285 
300 
306 
307
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TABLE 2. Drillers' logs of representative wells Continued

Material
Thick­ 

ness 
(feet)

Depth 
(feet) Material

Thick­ 
ness 
(feet)

Depth 
(feet)

5/3W-22J1
[Dan Tomkins. Alt 102 ft. Drilled by Willamette Drilling Co., 1962. Casing: 8-in. diam to 190 ft; 

unperforated]

Alluvium:

Troutdale Formation:

Sand.. ____ . ___ .- ......

27 
40

83 
8

27 
67

150 
158

Troutdale Formation  Con.
24 
3 
4 
1

182 
185 
189 
190

5/4W-1C1
[E. F. Day. Alt 155 ft. Drilled by Arrow Drilling & Supplies Co., 1963. Casing: 10-in. diam to 172 ft; per­ 

forated 70-170 ft; gravel pack 18-172 ft]

Willamette Silt: 
Top soil.     . .. 2

16
31

6
10
3

13
4

2
18
4Q

55
65
68

81
85

Troutdale Formation  Con.
13
18
4

19
6

13
4

10

98
116
120
139
145
158
162
172

6/3W-7A1
^Estate of Belle Simkins. Alt 200 ft. Drilled by West Well Drilling, 1958. Casing: 6-in. diam to 187 ft; un­ 

perforated]

Troutdale Formation: Clay,

Columbia River Group:

Clay, red, soft, caving; yields

86 

17 

48

4 
30

86 

103 

151

155 
185

Columbia River Group  Con. 
Basalt, decomposed, with 

some unweathered layers;

Shale, light blue-gray,

Shale, blue and red, soft,

35 

10 

20

220 

230 

250

6/4W-17K1 
[John Romig. Alt 220 ft. Drilled by John T. Miller, 1956. Casing: 8-in. diam to 32 ft; unperforated]

Willamette Silt: Top soil and 
clay..  _ _______ ._

Marine sedimentary rocks: 
Shale, blue... _______ .

Shale. _______ . _ . ....

32

109 
10 
40

32

141 
151 
191

Marine sedimentary rocks   Con.

Shale, blue. hard...   _ ._..

14 
10 
3 
7 

35

215 
225 
228 
235 
270
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TABLE 2. Drillers' logs of representative wells Continued

Material
Thick­
ness
(feet)

Depth
(feet) Material

Thick­
ness
(feet)

Depth
(feet)

7/3W-8G1
[Emmett Rogers. Alt 250 ft. Drilled by Barren & Strayer, 1964. Casing: 10-in. diam to 295 ft, 8-in. liner 395-

455 ft; unperforated]

Columbia River Group: 
Top soil  ---_-__---_.--._...
Clay, red. ____________________
Rock, black, hard. _ __ __

bearing. ___________________
Rock, black, hard.. __________
Rock, gray. _________

Rock, black, hard ____________

10
8

117

15
65
50
15

5
10
20
3

22
35
40

10
18

135

150
215
265
280
285
295
315
318
340
375
415

Marine sedimentary rocks:
15
15
30
23

2
45
20
75
60

430
445
475
498
500
545
565
640
700

7/3W-9F1

[Oak Crest Farm. Alt 125 ft. Drilled by Harry A. Robinson, 1957. Casing: 10-in diam to 73J, ft; perforated
25-72 ft]

Alluvium: 
Silt... . ____________________

Troutdale Formation:

15
2
7

10

15
17
24
34

36^

Troutdale Formation   Con.

Columbia River Group: Andesite,

1

36

37J^

73H

7/3W-10E1
[L.P. Brandt. Alt 110 ft. Drilled by Duffleld Bros., 1961. Casing: 12-in. diamto 134J. ft; perforated 40-130 ft]

Alluvium: Silt, brown, sandy.....

tion: Gravel and sand, brown,

20

69

20

89

Troutdale Formation: Gravel and
61 150

7/3W-22M1
[Northwest Natural Gas Co. Alt 130 ft. Drilled by Bottner Drilling Co., 1963. Casing: 10-in. diam to 20

ft; unperforated]

Alluvium:

flll__._____-_-_______________

6

58

20
76

6

64

84
160

Troutdale Formation  Con.
15

85
25

115

175

260
285
400

7/4W-36F1

[Gordon Dague. Alt 125 ft. Drilled by Art Clinton Well Drilling Co., 1957. Casing: 10-in. diam to 35 ft;
perforated 21-35 ft]

Alluvium: 
Soil....  ____________________ 11

25
11
36

Marine sedimentary rocks: Rock. 3 3?
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TABLE 2. Drillers1 logs of representative wells Continued

Material
Thick­

ness
(feet)

Depth
(feet) Material

Thick­
ness
(feet)

Depth
(feet)

8/4W-3B1
[T. C. Muller. Alt 170 ft. Drilled by Art Clinton Well Drilling Co., 1962. Casing: 12-in. diam to 60 ft;

perforated 38-56 ft]

WiUamette Silt:

Clay, blue.. __ ____ __ .

4
14
13

4
18
31

Troutdale Formation:
19
10

2

48
58

60
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TABLE 4. Chemical

[Analyses by U.S.

<o'o,

OQ 

1
2

3 
4

5 
6

8 

9 

10

11 
12

13
14

Location No.

4/3W-26K1.. 
33K1..

4/4W-24N1.. 
27D1..

5/3W-15R1..
5/4W-1C1 

25G1..

27E1-. 

6/4W-1H1... 

6F1... 

17K1_.
7/3W-8R1...

28B1.. 
7/4W-11M1S.

Geologic source

Troutdale Forma­ 
tion. 

Willamette Silt.---..
Troutdale Forma­ 

tion. 
...-do  ..... .____._.
_.__.do.-__. _____._ 
Columbia River 

Group. 
Marine sedimentary 

rocks. 
Columbia River 

Group. 
Marine sedimentary 

rocks, 
- do...............
Columbia Eiver 

Group.

Columbia River 
Group.

Depth 
of 

water­ 
bearing 
zone(s) 

(feet)

40 
64-69

41
92-120

192 
70-170 
50-268

SO-77 

219-233 

2,000+

191-201 
108-110

34

Date of 
collec­ 
tion

10-13-28 
6-15-63

10-15-28 
6-15-63

6-17-63 
.-.do..-. 

6-15-63

6-25-63 

6-17-63 

2- 6-65

6-17-63 
6-17-63

10-13-28 
6-17-63

-Temperature (°F)

51.5 
55.0

52.5 
54.5

54.5 
55.5 
55.0

55.0 

55.5

56.0 
55.5

54.0 
53.0

Parts per million

Silica (SiO2)

42 
31

21 
32

33 
35
41

50 

4

25 
51

57 
37

Iron (Fe)

.37
7.7

.23

.42

.35 
6.3 

29.7

.07 

1.5

.17 

.03

.10 

.04

id
IIs

.1

.2

.4

B 3*3 
3Oea^-' 
O

15
38.0

40.0 
30.0

18.0 
45.0 

7.5

4.5 

11,500

34.0 
6.0

18.0 
9.5

  ^ 
«§ 

fs
03 Hs s

8.0 
14.0

10.0 
10.0

9.1
21.0 
4.0

1.7 

51.0

5.0 
2.2

10.0 
3.7

1 Calculated values with bicarbonate (HCOs) recomputed as carbonate (COs).
2 Includes dissolved and suspended iron.
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Parts per million  Continued

Sodium (Na)

7.2 
14.0

12.0 
8.3

40.0 
18.0
8.7

5.6 

4,060.0

770.0 
8.8

9.1
5.2

Potassium (K)

1.3
2.5

1.4 
1.7

1.8 
2.7 
1.6

2.0 

22.0

5.8 
2.6

.7 
2.2

Bicarbonate 
(HC03)

88 
209

160 
141

203
278 

52

36 

14

194 
49

109 
56

Carbonate 
(COa)

0 
0

0 
0

0 
0 
0

0 

0

0 
0

0 
0

Sulfate (SO4)

5.5 
1.8

17.0 
6.0

.2 

.4 
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Abstract Global climate change is recognized as a

threat to species survival and the health of natural

systems. Scientists worldwide are looking at the

ecological and hydrological impacts resulting from

climate change. Climate change will make future

efforts to restore and manage wetlands more com-

plex. Wetland systems are vulnerable to changes in

quantity and quality of their water supply, and it is

expected that climate change will have a pronounced

effect on wetlands through alterations in hydrological

regimes with great global variability. Wetland habitat

responses to climate change and the implications for

restoration will be realized differently on a regional

and mega-watershed level, making it important to

recognize that specific restoration and management

plans will require examination by habitat. Flood-

plains, mangroves, seagrasses, saltmarshes, arctic

wetlands, peatlands, freshwater marshes and forests

are very diverse habitats, with different stressors and

hence different management and restoration tech-

niques are needed. The Sundarban (Bangladesh and

India), Mekong river delta (Vietnam), and southern

Ontario (Canada) are examples of major wetland

complexes where the effects of climate change are

evolving in different ways. Thus, successful long

term restoration and management of these systems

will hinge on how we choose to respond to the effects

of climate change. How will we choose priorities for

restoration and research? Will enough water be

available to rehabilitate currently damaged, water-

starved wetland ecosystems? This is a policy paper

originally produced at the request of the Ramsar

Convention on Wetlands and incorporates opinion,

interpretation and scientific-based arguments.

Keywords Wetland restoration � Wetland

hydrology � Climate change �Wetlands �Mangroves �
Seagrasses � Salt marsh � Arctic wetlands � Peatlands �
Freshwater marsh and forests � Sundarban � Mekong

river delta � Southern Ontario � Carbon sink

Introduction

In the early 1970s, the main obstacle confronting

wetland restoration efforts was developing the science

for successful wetland restoration projects. Although

we have made much progress on that front, the issue of

climate change may present greater challenges to

wetland conservation and restoration. This is a policy

paper originally produced at the request of the

Scientific and Technical Review Panel of the Ramsar

Convention on Wetlands and incorporates opinion,

interpretation and scientific-based arguments. The

Ramsar convention is the global intergovernmental

treaty which addresses the conservation and wise use
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of wetlands. In this paper, I begin by summarizing the

existing science related to the impacts of climate

change on wetlands. After examining over 250 articles

pertaining to wetlands and climate change, in peer-

reviewed journals and gray literature, I found very

little discussion of wetland restoration in the climate

change literature, only an occasional comment in a

very small percentage of the papers. This suggests a

substantial and urgent need to determine how to shape

future wetland restoration initiatives in light of global

climate change. The task is made more difficult in light

of the demand for water worldwide that has more than

tripled since 1950 and is projected to double again by

2035 (Postel 1997).

Wetlands cover 6% of the world’s land surface

and contain about 12% of the global carbon pool,

playing an important role in the global carbon cycle

[International Panel on Climate Change (IPCC)

1996; Sahagian and Melack 1998; Ferrati et al.

2005]. In a world of global climate change, wetlands

are considered one of the biggest unknowns of the

near future regarding element dynamics and matter

fluxes (IPCC 2001; Paul et al. 2006). Nevertheless,

restoration practitioners should take climate change

into account when implementing restoration pro-

jects, and policymakers should promote wetland

restoration as part of a climate change adaptation

and mitigation strategies.

Climate change and wetlands

Climate change is recognized as a major threat to the

survival of species and integrity of ecosystems world-

wide (Hulme 2005). The body of literature on the

ecological and hydrological impacts expected to

result from climate change has grown considerably

over the past decade.

Pressures on wetlands are likely to be mediated

through changes in hydrology, direct and indirect

effects of changes in temperatures, as well as land-

use change (Ferrati et al. 2005). Examples of impacts

resulting from projected changes in extreme climate

events (Ramsar (STRP) 2002) include: change in

base flows; altered hydrology (depth and hydroperi-

od); increased heat stress in wildlife; extended range

and activity of some pest and disease vectors;

increased flooding, landslide, avalanche, and mud-

slide damage; increased soil erosion; increased flood

runoff resulting in a decrease in recharge of some

floodplain aquifers; decreased water resource quan-

tity and quality; increased risk of fires; increased

coastal erosion and damage to coastal buildings and

infrastructure; increased damage to coastal ecosys-

tems such as coral reefs and mangroves and increased

tropical cyclone activity. Under currently predicted

future climate scenarios, the spread of exotics will

probably be enhanced, which could increase pressure

on watersheds and ecosystems (Root et al. 2003).

Climate change can be expected to act in con-

junction with a range of other pressures, many of

which, depending on the region, may pose far greater

immediate concern for wetlands and their water

resources in the short to medium term (Table 1;

STRP 2002). Wetland systems are vulnerable and

particularly susceptible to changes in quantity and

quality of water supply. It appears that climate

change may have its most pronounced effect on

wetlands through alterations in hydrological regimes:

specifically, the nature and variability of the hydro-

period and the number and severity of extreme

events. However, other variables related to climate

may play important roles in determining regional and

local impacts, including increased temperature and

altered evapotranspiration, altered biogeochemistry,

altered amounts and patterns of suspended sediment

loadings, fire, oxidation of organic sediments and the

physical effects of wave energy (IPCC 1998; Burkett

and Kusler 2000; USGCRP 2000).

Climate change will affect the hydrology of

individual wetland ecosystems mostly through

changes in precipitation and temperature regimes

with great global variability. From the perspective

of assessment of climate variability and the effect

on wetlands, these ecosystems need to be viewed

in the broader context of their spatial location in a

watershed within a specific region. Given the

diversity of wetland types and their individual

characteristics, the impacts resulting from climate

change will be somewhat customized and so will

the restoration remedies. It will be critically impor-

tant to determine specific expected future changes

in climate by region and conduct adequate moni-

toring to ascertain how actual conditions track with

the specific climate change model for a region. This

may prove to be difficult and will take a consid-

erable educational effort to convince governments

and organizations to spend money on monitoring.
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An important management strategy to ensure

wetland sustainability is the prevention or reduction

of additional stress that can reduce the ability of

wetlands to respond to climate change. Maintaining

hydrology, reducing pollution, controlling exotic

vegetation, and protecting wetland biological diver-

sity and integrity are important activities to maintain

and improve the resiliency of wetland ecosystems so

that they continue to provide important services

under changed climatic conditions (Kusler et al.

1999; Ferrati et al. 2005).

The predicted hydrologic changes associated with

climate change will potentially affect the perfor-

mance of the infrastructure (e.g., surface water

management systems) and thereby will affect the

different uses of water in many areas. An increase in

extreme droughts and floods will heavily stress

organisms and add to human-induced stress factors.

Future climate changes will affect wetlands in two

fundamental ways: the number of functioning wet-

lands (and their functional capacity) within most eco-

regions will decline and the geographic location of

certain types of wetlands will shift. Simulations in a

recent study on North American prairie wetlands

indicate that the northern short grasslands were the

most vulnerable portion of the prairie pothole region

to increases in temperature. Semi-permanent wet-

lands in this eco-region have historically functioned

on the margin, and any increased temperature would

result in decreased water levels and increased veg-

etation cover (Johnson et al. 2005).

Although the ecological effects of climate change

are increasingly apparent (Root et al. 2003), the

evidence is unbalanced across ecosystems. The IPCC

predicts that global temperatures will rise from 1 to

5�C during the 21st century. This increase in

Table 1 Projected impacts in some key water-based systems and water resources under temperature and precipitation changes

approximating those of the special report of emission scenarios (SRES, modified from STRP 2002)

Indicators 2025 2100

Corals Increase in frequency of coral bleaching and death

of corals

More extensive coral bleaching and death Reduced

species biodiversity and fish yields from reefs

Coastal wetlands

and shorelines

Loss of some coastal wetlands to sea level rise.

Increased erosion of shorelines

More extensive loss of coastal wetlands Further

erosion of shorelines

Freshwater wetlands Widespread stress on many marshes, swamps, vernal

pools, etc. Some will disappear

Most systems will be changed significantly, many

such as prairie potholes and vernal pools will

disappear with some spatial drifting

Ice environments Retreat of glaciers, decreased sea ice extent, thawing

of some permafrost, longer ice free seasons on

rivers and lakes

Extensive Arctic sea ice reduction, benefiting

shipping but harming wildlife (e.g., seals, polar

bears, walrus)

Ground subsidence leading to changes in some

ecosystems. Substantial loss of ice volume from

glaciers, particularly tropical glaciers

Seagrasses Some reduction in cover and distribution due to

changing salinities

More extensive loss of seagrasses

Water supply Peak river flow shifts from spring toward winter in

basins where snowfall is an important source of

water

Water supply decreased in many water-stressed

countries, increased in some other water-stressed

countries

Water quality Water quality degraded by higher temperatures,

changes in flow regimes and increase in salt-water

intrusion into coastal aquifers due to sea level rise

Water quality effects amplified

Water demand Water demand for irrigation will respond to changes

in climate; higher temperatures will tend to

increase demand

Water demand effects amplified

Floods and droughts Increased flood damage due to more intense

precipitation events. Increased drought frequency

Flood damage several fold higher than ‘‘no climate

change scenarios’’. Further increase in drought

events and their impacts

Wetlands Ecol Manage (2009) 17:71–84 73

123



temperature will affect coastal biota directly and lead

to changes in precipitation and an acceleration of sea

level rise. It is predicted that as the tropics gain more

heat, there will be a greater transport of water vapor

towards higher latitudes. Thus, it is likely that, in

general, lower latitudes will experience a decrease in

precipitation and higher latitudes will experience an

increase in rainfall (Day et al. 2005).

There is abundant literature predicting the effects

of climate change on species’ ranges, but climate

change models are rarely incorporated into restora-

tion and conservation plans. The spatial and temporal

scales of climate models are disconnected from the

scales of land parcels and actions that managers must

work within. Some research results demonstrate that

extreme drought can cause sudden and dramatic

changes in the abundance and spatial arrangement of

dominant plants, and that site characteristics will

differentially affect the dominant species that char-

acterize many vegetation types. They suggest that the

key to maintaining resilient populations of dominant

plants will be to conserve areas that are subject to a

wide variety of environmental extremes, including

sites that are under stress, while restoring habitat

structure to increase rare habitat abundance and

reduce water stress on dominant plant populations

(Gitlin et al. 2005).

A number of case studies recently undertaken by

The Wildlife Society revealed the complexity and

potential effects of climate change, while also

demonstrating the uncertainty. For example, one case

study suggested that waterfowl would be susceptible

to changes in precipitation and temperature, both of

which affect shallow seasonal wetlands with which

the species are associated. The effects will vary by

species and even within species depending upon

geographic location. The annual migration of neo-

tropical migrant birds exposes them to climate

changes in both their wintering and breeding habitats,

as well as in migration corridors. The breeding range

of many species is closely tied to climatic conditions,

suggesting significant breeding range shifts are likely

as climate continues to change. The adverse effects of

climate change on wildlife and their habitats may be

minimized or prevented in some cases through

management actions initiated now (The Wildlife

Society 2004). To do so, we must understand the

nature of climatic and ecological changes that are

likely to occur regionally in order to properly design

wetland management and restoration plans.

Wetland habitat responses to climate change

and the implications for restoration

Climate change will most likely impact wetland

habitats differently on a regional and mega-watershed

level; therefore it is important to recognize that

specific management and restoration issues will

require examination by habitat. A mega-watershed

is a landscape comprised of multiple watersheds.

Floodplains

Floodplain is a broad term used to refer to one or

more wetland types. Some examples of floodplain

wetlands are seasonally inundated grassland (includ-

ing natural wet meadows), shrublands, woodlands

and forests (Ramsar Classification System for Wet-

land Type 1971).

Globally, riverine floodplains cover[2 9 106 km2;

however, they are among the most biologically diverse

and threatened ecosystems due to the pervasiveness

of dams, levee systems, and other modifications to

rivers, all of which makes them excellent candidates

for restoration.

Floodplain degradation is closely linked to the

rapid decline in freshwater biodiversity; the main

reasons for the latter being habitat alteration, flow and

flood control, species invasion and pollution. In North

America, up to 90% of floodplains are already

‘cultivated’ and therefore functionally extinct. In

the developing world, the remaining natural flood

plains are disappearing at an accelerating rate,

primarily as a result of changing hydrology. In the

near future, the most threatened floodplains will be

those in China, south-east Asia, Sahelian Africa and

North America. There is an urgent need to preserve

existing, intact floodplain rivers as strategic global

resources and to begin to restore hydrologic dynam-

ics, sediment transport and riparian vegetation to

those rivers that retain some level of ecological

integrity. Otherwise, dramatic extinctions of aquatic

and riparian species and of ecosystem services are

faced within the next few decades (Tockner and

Stanford 2002).
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Mangroves/intertidal forested wetlands

Climate change will significantly alter many of the

world’s coastal and wetland ecosystems (Poff and Hart

2002). Historically, mangroves have been able to

respond to relatively small changes in sea level

(\8–9 mm/year in the Caribbean) through landward

or seaward migration (Parkinson 1989; Parkinson

et al. 1994) mediated by local topography (Bacon

1994), while larger changes in sea level have led to

mangrove ecosystem collapse (Ellison and Stoddart

1991; Ellison 1993). In the future, landward migration

of fringing mangrove species, such as Rhizospora

mangle, will likely be limited both by in situ differ-

ences in growth and by coastal development and

associated anthropogenic barriers (Parkinson et al.

1994; Ellison and Farnsworth 1996). As with other

wetland species, interspecific variation in physiolog-

ical responses of different mangrove species to factors

associated with climate change would be expected to

lead to changes in species composition and commu-

nity structure following predicted changes in sea level

and atmospheric CO2 levels (Ellison and Farnsworth

1997).

In the short term, protecting and restoring vast

amounts of mangrove habitat is important to mitigate

some climate change impacts such as attenuating

increased incidences of floods and catastrophic trop-

ical cyclones. In the long term, thought should be

given to establishing new zones of mangrove habitat

where there is no conflict with human development so

that as sea level rises and mangroves die-back they are

replenishing themselves at the landward extent of the

intertidal zone. If this is not done, in the future, the

substantial areas of mangrove forest will be gone and

with it the huge engine that provides the carbon base of

the tropical marine ecosystem.

Tri et al. (1998) quantified in a preliminary fashion,

various economic benefits of mangrove restoration

tied to sea defense systems in three coastal districts in

northern Vietnam. The results from the economic

model show that mangrove restoration is desirable

from an economic perspective based solely on the

direct benefits of use by local communities. The

restoration scenarios have even higher cost-benefit

ratios when the indirect benefits of the avoided

maintenance cost of the sea dike system, protected

from coastal storm surges by the mangroves, are

included. A strong case for mangrove rehabilitation

can be made as an important component of a

sustainable coastal management strategy (Tri et al.

1998). The correlation between those coastal commu-

nities not protected by mangrove forests and the

resulting high loss of life and property as a result of the

2005 tsunami was significant, and has led to acceler-

ating the restoration of mangrove habitat along some

Indian Ocean shorelines.

Seagrasses/marine subtidal aquatic beds

The long-term sustainability of seagrasses, particu-

larly in the subtropics and tropics, depend on their

ability to adapt to shifts in salinity regimes influenced

by anthropogenic modifications of upstream hydrol-

ogy, as well as predicted long-term temperature

increases (Short and Neckles 1999). Tropical species

are living at the edge of their upper physiological

limits of salinity (Walker 1985; Walker et al. 1988)

and temperature (Zieman 1975; Koch et al. 2007), so

further increases in salinity as a result of climate

change and freshwater extraction may have signifi-

cant consequences for tropical seagrasses particularly

in estuaries with restricted circulation and high rates

of evaporation such as Shark Bay, Baffin Bay and

Florida Bay in the USA (Koch et al. 2007). In other

areas higher rainfall may increase freshwater runoff

and reduce salinity levels causing reduction in

seagrass cover. Seagrass restoration has been con-

ducted at various scales for more than 30 years with

limited success. Like mangroves, they may be

‘‘squeezed out’’ of existence in some coastal areas

because the continued stress of human activities such

as pollution have reduced the resiliency of these

habitats.

Salt marshes/intertidal marshes

Climate change can affect salt marshes in a number of

ways, including through sea-level rise, particularly

when sea walls prevent marsh vegetation from

moving upward and inland. However, evidence from

southeast England and elsewhere indicates that sea-

level rise does not necessarily lead to the loss of marsh

area because some marshes may accrete vertically and

maintain their elevation with respect to sea-level

where the supply of sediment is sufficient. However,

organogenic marshes and those in areas where

sediment may be more limiting may be more
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susceptible to coastal squeeze, as may other marshes,

if some extreme predictions of accelerated rates of sea

level rise are realized (Hughes 2004).

McKee et al. (2004) suggests that increases in

temperature and decreases in rainfall associated with

climate change may dramatically affect tidal

marshes. Increased temperature may interact with

other stressors to damage coastal marshes. For

example, during the spring to fall period of 2000 in

the Mississippi delta, there were large areas of salt

marsh that were stressed and dying (Day et al. 2005).

This appears to be the result of combination of effects

related to a strong La Niña event, which resulted in

sustained low water levels, prolonged and extreme

drought, and high air temperatures. This combination

of factors apparently raised soil salinities to stressful

and even toxic levels.

An important result of increasing temperature

along the northern Gulf of Mexico will likely be a

northward migration of mangroves replacing salt

marshes. Mangroves are tropical coastal forests that

are freeze-intolerant. Chen and Twilley (1998)

developed a model of mangrove response to freeze

frequency. They found that when freezes occurred

more often than once every 8 years, mangrove forests

could not survive. At a freeze frequency of 12 years,

mangroves replaced salt marsh. Along the Louisiana

coast, freezes historically occurred about every

4 years. By the spring of 2004, however, a killing

freeze had not occurred for 15 years and small

mangroves occur over a large area near the coast. If

this trend continues, mangroves will probably spread

over much of the northern Gulf and part of the south

Atlantic coast. In fact, mangroves are already

becoming established and more widespread due to

warming (Day et al. 2005).

Arctic wetlands/Tundra wetlands

Climate models generally agree that the greatest

warming due to the enhanced greenhouse effect may

occur at northern high latitudes and in particular in

the winter season. In addition, the precipitation over

high latitude regions is mostly expected to increase,

both in summer and in winter (Houghton et al. 2001).

For water resources, all climate scenarios lead (with

high confidence) to the large-scale loss of snowpack

at moderate elevations by mid-century, bringing large

reductions in summer flow in all streams and rivers

that depend on snowmelt (Mote et al. 2003). Where

reliable water supply is available during most of the

thawed season that exceeds the demands of evapo-

ration and outflow losses, the soil remains saturated

and a high water table is maintained. (Woo and

Young 2006). However, a continued warming trend

under climatic change will eliminate these lingering

snow banks. Then, many meltwater-fed wetlands will

diminish or disappear. Although the combined effect

of higher temperatures and precipitation is still

uncertain, it seems likely that snow cover in these

areas will decrease, and evapotranspiration will

increase (Everett and Fitzharris 1998, Dankers and

Christensen 2005). These phenomena will require

significant changes to be made in the management

and restoration of wetlands in this region.

For extensive wetlands, a change in the water

balance in favor of enhanced evaporation (due to

warmer and longer summer season than the present)

will not only lead to greater water loss from the

wetland patches themselves, but will also reduce the

water inputs from their catchments. Therefore, many

wetland patches will then be adversely affected.

Enhanced thawing of permafrost due to climatic

warming may lower the water table, which is

unfavorable to most existing wetlands, but increased

thermokarst activities can cause flooding in some

areas to create new wetlands, or to switch from bogs

to fens (Grossman and Taylor 1996; Woo and Young

2006).

Peatlands/non-forested peatlands/forested

peatlands

Peatlands are important natural ecosystems with high

value for biodiversity conservation, climate regula-

tion and human welfare. Peatlands are those wetland

ecosystems characterized by the accumulation of

organic matter (peat) derived from dead and decaying

plant material under conditions of permanent water

saturation. They cover over 4 million km2 worldwide

(3% of the world’s land area), contain 30% of all

global soil carbon, occur in over 180 countries and

represent at least a third of the global wetland

resource (Parish et al. 2008).

Peatland dynamics are extremely sensitive to

changes in the hydrological cycle, which in turn

respond to variations in the climate and carbon cycle

(Briggs et al. 2007). The response of peatlands to
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change in the climatic water budget is crucial to

predicting potential feedbacks on the global carbon

cycle (Belyea and Malmer 2004). Changes in peat-

land ecosystem functions may be mediated through

land-use change and/or climatic warming. In both

cases, lowering of the water level may be the key

factor. Logically, lowered water levels with the

consequent increase in oxygen availability in the

surface soil may be assumed to result in accelerated

rates of organic matter decomposition (Laiho 2006).

Climate change impacts are already visible through

the melting of permafrost peatlands and desertifica-

tion of steppe peatlands. In the future, impacts of

climate change on peatlands are predicted to signif-

icantly increase. Coastal, tropical and mountain

peatlands are all expected to be particularly vulner-

able (Parish et al. 2008). There are several gaps in our

knowledge of the carbon cycle in peatlands under

change, such as: how the amounts and quality

parameters of litter inputs change in different peat-

land sites after short- and long-term change in the

water level; and how the litters produced by the

successional vegetation communities decompose

under the changed environmental conditions follow-

ing persistent lowering of the water level in the long

term (Laiho 2006). Protecting and restoring peatlands

is also critical to maintaining the biodiversity and

hydrological functions they provide.

Freshwater marshes and forests/freshwater,

tree-dominated wetlands

These classifications encompass a broad diversity of

habitat types, with great ranges of hydroperiod and

depth of inundation, including vernal pools and wet

prairies with a wet season water table at or barely

above the surface for a very brief duration, to cypress

swamps, hardwood swamps, sawgrass and bulrush

marshes inundated by nearly a meter of water for

many months. Most of these habitats respond specif-

ically to slight changes in hydrology and water

quality. There is a significant wealth of literature

stemming from many decades of research on the

functions and management of these wetland systems,

including restoration, but not climate change.

Based on the synergistic effect of multiple stress-

ors, the management and restoration of these habitats

may be more difficult in the future due to the present

availability of many more efficient colonizer species

such as Phragmites, Melaleuca quinquenervia,

Lygodium microphyllum, and Imperata cylindrical.

Given the individualistic responses of the numer-

ous endemic species supported by these habitats, a

wide range of subtle environmental changes could

reduce their sustainability and increase the risk of

species extinction. These factors will need to be

considered as we review new policies and guidelines

for wetland management and restoration.

Case studies

The following examples are of areas where the

impacts of climate change are evolving in different

ways illustrating the science and management options

that need to be applied. Such case studies may assist

with the development of future wetland management

and restoration policies and guidelines both at the

habitat and regional ecosystem levels.

Sundarban

The Sundarban, one of the world’s largest coastal

wetlands, covers about one million hectares in the

delta of the rivers Ganga, Brahmaputra, and Meghna

and is shared between Bangladesh (*60%) and India

(*40%). Large areas of the Sundarban mangroves

have been converted into paddy fields over the past

two centuries and more recently into shrimp farms.

The regulation of river flows by a series of dams,

barrages and embankments for diverting water

upstream for various human needs and for flood

control has caused large reduction in freshwater

inflow and seriously affected the biodiversity. Two

major factors will determine the future of the

Sundarban mangroves and their biological diversity.

The first is the demand on freshwater resources from

growing human populations in both countries (Gopal

and Chauhan 2006). Second, climate change is

expected to increase the average temperature and

spatio-temporal variability in precipitation, as well as

cause a rise in sea level (Ellison 1994). The increase

in temperature and variability in rainfall will put

further pressure on freshwater resources and hence

alter the freshwater inflows to the mangroves.

Some models of climate change also present an

increased frequency of tropical cyclones and storm

surges, which may cause further changes in
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freshwater-seawater interactions, thereby affecting

the mangroves (Ali 1995; Ali et al. 1997). Ultimately,

the future of the Sundarban mangroves hinges upon

the efficiency of managing the limited freshwater

resources for meeting both human and environmental

needs, coupled with effective adaptive responses to

the added threats from climate change (Gopal and

Chauhan 2006). Changed hydrological extremes due

to climate change will have important implications

for the design of future hydraulic structures, flood-

plain development, and water resource management

(Cunderlik and Simonovic 2005).

Mekong river delta

The Mekong river delta plays an important role in the

Vietnamese economy and it has been severely

impacted during this century by a series of unusually

large floods. In the dry season the delta is also

impacted by saline intrusion. These effects have

caused severe human hardship. Recent modeling

(Hoa et al. 2007) predicts that sea-level rise will

enhance flooding in the Mekong river delta, which

may worsen in the long term as a result of estuarine

siltation caused by dam construction.

While comprehensive flood control measures will

reduce flooding, planned high embankments may be

more prone to catastrophic failures from increased

flow velocities in the rivers. Also, the high embank-

ments obstruct the fine-sediment flow into

agricultural lands. Extensive estuarine siltation and

increased flooding, together with increased coastal

erosion and the loss of coastal wetlands, are likely to

occur if dam construction decreases riverine sediment

inflow to the sea (Hoa et al. 2007). This situation is

similar to coastal Louisiana and the Mississippi River

delta. The activities required to restore and maintain

basic functions in these systems are not what we

usually think of when we define the term wetland

restoration; however, they need to be a fundamental

part of any meaningful plan for maintaining global

wetland ecosystems in the long term.

Southern Ontario

Because of its location, Canada is projected to

experience greater rates of warming than many other

regions of the world. According to Lemmen and

Warren (2004), changes in the Canadian climate will

be variable across the country, with the arctic and the

southern and central prairies expected to warm the

most. Canada has a relative abundance of water, but

its resources are not evenly distributed across the

country. As a result, most regions of Canada expe-

rience water-related problems, such as floods,

droughts, and water quality deterioration (Cunderlik

and Simonovic 2005).

Southern Canada is expected to experience higher

temperatures (Mooney and Arthur 1990; Poiani and

Johnson 1991). This would lead to drier conditions,

more frequent and more severe droughts (Lenihan

and Neilson 1995), reduced river and stream flows,

and higher rates of wildfire (Suffling 1995). These

problems are exacerbated by the fact that extensive

areas of southern Ontario are where Canada’s most

valuable farmland exists. This part of the province

has lost the vast majority of their wetlands, as much

as a 70–90% loss in some regions. While climate

impacts may be severe, they are likely to be

intensified by current land and wetland management

practices, such as the construction of drainage

systems that remove water from the landscape,

lowering water levels, increasing flood flows and

reducing base flows. Climate change may result in

even less water being available to maintain ground-

water supplies, provide baseflow to streams and

provide adequate soil moisture to farmers during the

growing season. This is a situation common through-

out the world in areas such as south Florida and sub-

Saharan Africa.

Agricultural landscapes are more sensitive to

climatic variability than natural landscapes because

the drainage, tillage, and grazing will typically reduce

water infiltration and increase rates and magnitudes

of surface runoff and pollutant loading. High-resolu-

tion floodplain stratigraphy of the last two centuries

show that accelerated runoff associated with agricul-

tural land use has increased the magnitudes of floods

across a wide range of recurrence frequencies (Knox

2001).

Restoring degraded wetland soils

Vast areas of hydric soils have been impacted by

agricultural conversion and drainage. Restoring

degraded hydric soils and ecosystems has a high

potential for sequestrating soil carbon. Most degraded

soils have lost a large fraction of the antecedent SOC
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pool, which can be restored through adopting judi-

cious land use practices. Cultivation has been

suggested to be the most important factor in soil

carbon loss (Lal et al. 2004). However, the restoration

of wetland hydrology (e.g., plugging drains) also is a

critical component of restoration. The fact that carbon

storage is enhanced under anoxic conditions is

important because flooded wetlands provide optimal

conditions for accretion of organic matter (Euliss

et al. 2006).

To dike or not to dike

How we choose to respond to the effects of climate

change has everything to do with the future wetland

management and restoration programs we develop.

For example, in maritime Canada there are the many

stretches of dikes that provide protection to agricul-

tural land, infrastructure, homes and communities.

These dikes also inhibit salt marshes from naturally

shifting with the level of the sea, and absorbing and

dispersing the impacts of intense wave action. There

are three adaptation strategies for society to consider:

raising and reinforcing the dikes, realigning the dikes,

or restoring diked lands to natural salt marsh (Marlin

et al. 2007).

Salt marsh restoration can be a good adaptation

strategy to sea level rise (Government of Canada and

Government of Nova Scotia 2002). However, this

response requires a certain adaptive capacity. Some

communities have more adaptive capacity than others

due to the strength of their social, economic and

environmental systems, equitable resource allocation,

high skill levels, and the ability to disseminate useful

information. Each community is unique and each has

different vulnerabilities and strengths which contrib-

ute to its adaptive capacity. A community may

choose to restore a salt marsh for its ecosystem,

economic and/or social values, or for other reasons

(Marlin et al. 2007).

The role of modeling in wetland restoration and

adaptive management

Integrated groundwater and surface water modeling

of watersheds should become a very important part of

the wetland restoration and management process. The

modeling can be used to predict the effects of climate

change on watersheds and wetland systems, and

ultimately be used to design a wetland more resilient

to climate change. There will need to be a shift from

applying two-dimensional event-based models, which

cannot accurately simulate the complex behavior of

the system, to three-dimensional models such as

MikeShe. Others (Carroll et al. 2005) have found that

a simpler model could simulate general trends in the

system. However, my experience is that a three-

dimensional model is required to appropriately

simulate integrated surface and groundwater charac-

teristics using land use, topography, hydrological and

ecological data for model calibration.

With increasing concerns surrounding global cli-

mate change, there has been growing interest in the

potential impacts to aquifers; however, relatively

little research has been undertaken to determine the

sensitivity of groundwater systems to changes in

critical climate change parameters. It is expected that

changes in temperature and precipitation will alter

groundwater recharge to aquifers, causing shifts in

water table levels in unconfined aquifers as a first

response to climate trends (Changnon et al. 1988;

Zektser and Loaiciga 1993). This activity may have a

considerable impact on wetland systems that are

groundwater driven where a change of less than one

foot in the surficial water table elevation can signif-

icantly impact a wetland.

Undertaking a climate change impact assessment

on a groundwater system is complicated because,

ultimately, atmospheric change drives hydrologic

change, which, in turn, drives hydrogeologic change.

The latter requires detailed information about the

subsurface; information that is traditionally difficult

to obtain (Scibek and Allen 2006). Additionally, as a

consequence of reduced groundwater levels, streams

in upland areas, can expected to have lower seasonal

flows, thus having significant adverse impacts on

large headwater wetland systems. The ability of a

groundwater flow model to predict changes to

groundwater levels, as forced by climate change,

depends on the locations and types of model bound-

ary conditions, the success of model calibration and

model scale (Scibek and Allen 2006). We must

collect data through monitoring, which unfortunately

is rarely done at the individual wetland complex

level, let alone at the watershed level. This type of

evaluation would also prove invaluable to those

evaluating the existing and potential impacts of

mining and flood control.
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The carbon sink function

The capacity of some wetlands to act as a carbon sink

is an important function that may provide additional

impetus for undertaking the large scale restoration of

wetlands. Research in Canada by Waddington and

Price (2000) and Waddington and Warner (2001)

reported a reduction in the magnitude of CO2 losses

when the peatland was restored and vegetation

became re-established. Komulainen et al. (1999)

and Tuittila et al. (1999) observed that the carbon

balance of Finnish peatlands became a new sink

within a few years of restoration. While studies of the

CO2 dynamics in restored cutaway peatlands have

concentrated either on boreal or continental peat-

lands, there is a dearth of information regarding

dynamics of restored cutaway peatlands within many

regions such as the temperate maritime zone. For

example, in Ireland peatland formation is influenced

by the proximity of the North Atlantic Ocean cool

summers (Keane and Sheridan 2004). Under such

optimal conditions for peat formation, restoration in

temperate, maritime regions could be accelerated,

with the ecosystem quickly becoming a CO2 sink

(Wilson et al. 2006).

Setting priorities

In the future how will we make priority determina-

tions for research and restoration? Maintaining

biodiversity in regional ecosystems may be an

appropriate high priority goal since this issue

involves so many other conditions and responses of

ecosystem health. The major ecological conse-

quences that we may expect by 2025 for wetlands

systems, like floodplains, are similar to those pre-

dicted for most aquatic systems (Naiman and Turner

2000; Malmqvist and Rundle 2002). The projected

changes will be manifest as what has been termed the

‘distress syndrome’ (sensu Rapport and Whitford

1999), indicated by reduced biodiversity, altered

primary and secondary productivity, reduced nutrient

cycling, increased prevalence of diseases, increased

dominance of invaders and a predominance of

shorter-lived opportunistic species.

By 2025, an area equivalent to the size of the

entire Great Lakes basin in North America, and water

courses equivalent to the combined lengths of the

Rhone and Rhine rivers, were expected to be restored

to full health throughout the world according to an

IUCN 2000 report. These predictions are probably

over-optimistic. For example, although 15,000 km of

streams and rivers in Switzerland have been identified

for restoration programs, the annual rate of river-

floodplain restoration is only 11 km compared to the

70 km lost during the same period due to develop-

ment. In 2025, the most water-stressed countries will

be in Africa and Asia. When considering the present

state of floodplains their future appears dismal,

despite recognition of the vital functions provided

by these ecosystems. Perhaps the only hope for

sustaining functional floodplains over the long term

lies with highly enlightened management and resto-

ration efforts (BUWAL 1993; Tockner and Stanford

2002).

Non-governmental organizations and multina-

tional institutions such as IUCN, UNEP, UNESCO,

Worldwatch Institute, World Resource Institute,

WWF, Ramsar Secretariat, The Nature Conservancy,

Wetlands International, and Birdlife International,

among many others, play a leading role in transfer-

ring basic research information to the public and to

decision makers and in securing protection for

biodiversity hot spots. Their role in conserving and

restoring flood plains and wetlands must increase in

the near future in relation to the fast growing

scientific knowledge about the strategic importance

of floodplains to healthy rivers that parallels the

accelerating deterioration of remaining systems

(Tockner and Stanford 2002). These institutions will

need to partner with governments on multinational

restoration efforts.

Will enough water be available?

Many of our watersheds and their related wetland

ecosystems are currently damaged, water-starved and

often marginally functional. We may have to manage

for a reduced carrying capacity based upon those

stresses modified by what we can restore or modify

and how much water we think will be available. The

competition between man and wetland ecosystems

where minimum flows and levels must be maintained

will become elevated and at times political much like

the water management of the Kississimee-Lake

Okeechobee-Everglades (KLOE) ecosystem in south

Florida. At least temporarily during drought periods,

many regions like the KLOE ecosystem, sub-Saharan
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Africa, China and peat areas in central Europe will

have a great demand for water. This is an important

subject that needs to be considered in the design and

implementation of sustainable restoration/conserva-

tion practices for wetlands, particularly with regard to

the predictions of climate change (Schwarzel et al.

2006).

Recommendations

There is no doubt that globally there is a great need to

reverse certain significant human-induced stressors to

ecosystems including drainage, flood control, and

unsustainable development. We can do this by under-

taking wetland restoration programs and

implementing sustainable ecosystem management

plans now as we continue to work on the task of

reducing CO2 emissions and reversing existing climate

change trends.

The following global recommendations are offered

to scientists, practitioners and policymakers to pro-

vide some perspective as well as a stimulus for

discussion with a goal toward developing a new

direction for global wetland conservation in a

changing world.

1. One of our goals should be to significantly

reduce non-climate stressors on ecosystems:

The reduction of stressors causes by human

activities will increase the resiliency of habitats

and species to the effects of climate change and

variability. In essence, this situation is what

good management already seeks to accomplish.

However, a changing climate amplifies the need

for managers to minimize effects these stressors

have on wildlife populations.

2. Protect coastal wetlands and accommodate sea

level change. Impacts of sea level rise can be

ameliorated with acquisition of inland buffer

zones to provide an opportunity for habitats and

wildlife to migrate inland. Setback lines for

coastal development can be effective at estab-

lishing zones for natural coastal migration based

on projected sea level rise. Storm surge should be

considered in establishing buffer zones and

setback boundaries. In other cases, restoration

of natural hydrology could facilitate sediment

accretion and building of deltaic coastal

wetlands.

3. Monitoring is an essential element of ecosystem

management, in that it is in intended to detect

long-term ecosystem change, provide insights

to the potential ecological consequences of the

change, and help decision makers determine

how management practices should be imple-

mented. Monitoring may be used as a starting

point to define baseline conditions, understand

the range of current variability in certain

parameters and detect desirable and undesirable

changes over time within reserve areas and

adjacent ecosystems.

4. We need to quickly train restoration scientists

and practitioners. There will be a great need to

monitor, design and implement wetland resto-

ration and management projects globally on a

large scale. Currently we have no global plan

for improving expertise in these areas.

5. Rapidly changing climates and habitats may

increase opportunities for invasive species to

spread because of their adaptability to distur-

bance. Invasive species control efforts will be

essential, including extensive monitoring and

targeted control to preclude larger impacts.

6. Wetland restoration and management must

incorporate known climatic oscillations. Short-

term periodic weather phenomena, such as El

Niño, should be closely monitored and predict-

able. By understanding effects of periodic

oscillations on habitats and wildlife, manage-

ment options can be fine-tuned. For example,

restoration of native plants during the wet phase

of oscillations, avoiding the drought phase,

could make the difference between success and

failure.

7. Conduct medium- and long-range planning that

incorporates climate change and variability.

This planning should also apply to institutions

and governments alike. If climate change and

variability are not proactively taken into

account, the potential for conservation plans

to succeed will likely be much reduced.

8. We must develop a strategy for selecting and

managing restoration areas appropriately. As

wildlife and habitats have declined across North

America, the establishment of refuges, parks,

and reserves has been used as a conservation

strategy. However, placement of conservation
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areas has rarely taken into account potential

climate change and variability. For example, in

highly fragmented habitats, the placement of

conservation areas on a north–south axis may

enhance movements of habitats and wildlife by

in essence providing northward migration cor-

ridors. Efforts to conserve habitats for single, or

small numbers of species, should be concen-

trated in northern portions of their range(s),

where suitable climate is more likely to be

sustained.

9. We need to educate the public and private

sectors to redefine the way that we now think of

the protection, management and restoration of

wetlands around the world. The impacts of

climate change will differ regionally. Within

some regions a number of wetlands will

disappear from the landscape, especially those

drier end systems and systems that are already

under stress and their resiliency has been

compromised. Many wetlands may ‘drift’ spa-

tially within the region due to changes in

precipitation and PET rates depending upon

future land use, topography and hydro-patterns.

10. We must understand the nature of climatic and

ecological changes that are likely to occur

regionally in order to properly design wetland

management and restoration plans at the mega-

watershed level.
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Foreword 
 
This Agricultural Water Quality Management Area Plan (Area Plan) provides guidance for 
addressing agricultural water quality issues in the Agricultural Water Quality Management Area 
(Management Area).  The purpose of this Area Plan is to identify strategies to prevent and 
control water pollution from agricultural lands through a combination of educational programs, 
suggested land treatments, management activities, compliance, and monitoring.  
 
The provisions of this Area Plan do not establish legal requirements or prohibitions, as described 
in Oregon Revised Statute (ORS) 568.912(1).  
 
Required Elements of Area Plans 
 
Area Plans must describe a program to achieve the water quality goals and standards necessary 
to protect designated beneficial uses related to water quality, as required by state and federal law 
(Oregon Administrative Rule (OAR) 603-090-0030(1)).  At a minimum, an Area Plan must: 

• Describe the geographical area and physical setting of the Management Area. 
• List water quality issues of concern. 
• List impaired beneficial uses.  
• State that the goal of the Area Plan is to prevent and control water pollution from 

agricultural activities and soil erosion and to achieve applicable water quality standards. 
• Include water quality objectives. 
• Describe pollution prevention and control measures deemed necessary by the Oregon 

Department of Agriculture (ODA) to achieve the goal. 
• Include an implementation schedule for measures needed to meet applicable dates 

established by law. 
• Include guidelines for public participation. 
• Describe a strategy for ensuring that the necessary measures are implemented. 

 
Plan Content 
 
Chapter 1:  Agricultural Water Quality Management Program Purpose and Background.  The 
purpose is to have consistent and accurate information about the Agricultural Water Quality 
Management Program. 
 
Chapter 2:  Local Background.  Provides the local geographic, water quality, and agricultural 
context for the Management Area.  Describes the water quality issues, regulations (Area Rules), 
and available or beneficial practices to address water quality issues.  
 
Chapter 3:  Local Goals, Objectives, and Implementation Strategies.  Chapter 3 presents goal(s), 
measurable objectives and timelines, and strategies to achieve the goal(s) and objectives.  
 
Chapter 4:  Local Implementation, Monitoring, and Adaptive Management.  ODA and the Local 
Advisory Committee (LAC) will work with partners to summarize land condition and water 
quality status.  Trends are summarized to assess progress toward the goals and objectives in 
Chapter 3.   
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Chapter 1:   Agricultural Water Quality Management Program Purpose and 
Background 

 
1.1  Purpose of Agricultural Water Quality Management Program and 

Applicability of Area Plans 
 
As part of Oregon’s Agricultural Water Quality Management Program (Ag Water Quality 
Program), this Area Plan guides landowners and partners such as Soil and Water Conservation 
Districts (SWCDs) in addressing local agricultural water quality issues.  The purpose of this 
Area Plan is to identify strategies to prevent and control water pollution from agricultural 
activities and soil erosion (ORS 568.909(2)) on agricultural and rural lands for the area within 
the boundaries of the Management Area (OAR 603-090-0000(3)) and to achieve and maintain 
water quality standards (ORS 561.191(2)).  This Area Plan has been developed and revised by 
ODA, the LAC, with support and input from the SWCD and the Oregon Department of 
Environmental Quality (DEQ).  Throughout the development and revision processes, the public 
was invited to participate.  This included public comment at meetings and public hearings during 
the Area Plan approval process.  This Area Plan is implemented using a combination of outreach 
and education, conservation and management activities, compliance, monitoring, evaluation, and 
adaptive management.  
 
The provisions of this Area Plan do not establish legal requirements or prohibitions (ORS 
568.912(1)).  Each Area Plan is accompanied by OAR regulations that describe local agricultural 
water quality regulatory requirements. ODA will exercise its regulatory authority for the 
prevention and control of water pollution from agricultural activities under the Ag Water Quality 
Program’s general regulations (OARs 603-090-0000 to 603-090-0120) and under the regulations 
for this Management Area (OARs 603-095-0500 to 0560).  The Ag Water Quality Program’s 
general OARs guide the Ag Water Quality Program, and the OARs for the Management Area are 
the regulations that landowners must follow. 
 
This Area Plan and its associated regulations apply to all agricultural activities on non-federal 
and non-Tribal Trust land within the Management Area, including: 

• Large commercial farms and ranches. 
• Small rural properties grazing a few animals or raising crops. 
• Agricultural lands that lay idle, or on which management has been deferred. 
• Agricultural activities in urban areas. 
• Agricultural activities on land subject to the Forest Practices Act (ORS 527.610). 
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1.2  History of the Agricultural Water Quality Management Program 
 
In 1993, the Oregon Legislature passed the Agricultural Water Quality Management Act, 
directing ODA to develop plans to prevent and control water pollution from agricultural 
activities and soil erosion, and to achieve water quality standards (ORS 568.900 through ORS 
568.933).  Senate Bill 502 was passed in 1995 to clarify that ODA regulates agriculture with 
respect to water quality (ORS 561.191).  This Area Plan and its associated regulations were 
developed and subsequently revised pursuant to these statutes. 
 
Between 1997 and 2004, ODA worked with LACs and SWCDs to develop Area Plans and 
associated regulations in 38 watershed-based Management Areas across Oregon (Figure 1).  
Since 2004, ODA, LACs, SWCDs, and other partners have focused on implementation, 
including:   

• Providing education, outreach, and technical assistance to landowners. 
• Implementing projects to improve agricultural water quality. 
• Investigating complaints of potential violations of regulations.  
• Conducting biennial reviews of Area Plans and regulations.  
• Monitoring, evaluation, and adaptive management. 
• Developing partnerships with SWCDs, state, federal, and tribal agencies, watershed 

councils, and others. 
 
Figure 1:  Map of 38 Agricultural Water Quality Management Areas 
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1.3  Roles and Responsibilities  
 
1.3.1 Oregon Department of Agriculture (ODA) 
 
ODA is the agency responsible for implementing the Ag Water Quality Program (ORS 568.900 
to 568.933, ORS 561.191, OAR 603-090, and OAR 603-095).  The Ag Water Quality Program is 
intended to meet the needs and requirements related to agricultural water pollution, including:  

• State water quality standards. 
• Load allocations for agricultural nonpoint source pollution assigned under Total 

Maximum Daily Loads (TMDLs) issued pursuant to the Clean Water Act (CWA), 
Section 303(d). 

• Approved management measures for Coastal Zone Act Reauthorization Amendments 
(CZARA). 

• Agricultural activities detailed in a Groundwater Management Area (GWMA) Action 
Plan (if a GWMA has been established and an Action Plan developed). 

 
ODA has the legal authority to develop and implement Area Plans and associated regulations for 
the prevention and control of water pollution from agricultural activities and soil erosion, where 
such plans are required by state or federal law (ORS 568.909 and ORS 568.912).  ODA will base 
Area Plans and regulations on scientific information (ORS 568.909).  ODA works in partnership 
with SWCDs, LACs, DEQ, and other partners to implement, evaluate, and update the Area Plans 
and associated regulations.  ODA has responsibility for any actions related to enforcement or 
determination of noncompliance with regulations (OAR 603-090-0080 through OAR 603-090-
0120).  ORS 568.912(1) and ORS 568.912(2) give authority to ODA to adopt regulations that 
require landowners to perform actions necessary to prevent and control pollution from 
agricultural activities and soil erosion. 
 
The emphasis of this Area Plan is on voluntary action by landowners or operators to control the 
factors effecting water quality in the Management Area.  The regulations are outlined as a set of 
minimum standards that must be met on all agricultural or rural lands.  Landowners and 
operators who fail to address these regulations may be subject to enforcement procedures, which 
are outlined below. 
 
Enforcement Action—ODA will use enforcement mechanisms where appropriate and necessary 
to gain compliance with water quality regulations.  Any enforcement action will be pursued only 
when reasonable attempts at voluntary solutions have failed.  If a violation is documented, ODA 
may issue a pre-enforcement notification or an Order such as a Notice of Noncompliance.  If a 
Notice of Noncompliance is issued, the landowner or operator will be directed by ODA to 
remedy the condition through required corrective actions under the provisions of the enforcement 
procedures outlined in OAR 603-090-060 through OAR 603-090-120.  If a landowner does not 
implement the required corrective actions, civil penalties may be assessed for continued violation 
of the regulations.  See the Compliance Flow Chart for a diagram of the compliance process.  If 
and when other governmental policies, programs, or regulations conflict with this Area Plan or 
associated regulations, ODA will consult with the agency(ies) and attempt to resolve the conflict 
in a reasonable manner. 
 



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

11 

Compliance Flow Chart 
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1.3.2 Local Management Agency 
 
A Local Management Agency is an organization that ODA has designated to implement an Area 
Plan (OAR 603-090-0010).  The legislative intent is for SWCDs to be Local Management 
Agencies to the fullest extent practical, consistent with the timely and effective implementation 
of Area Plans (ORS 568.906).  SWCDs have a long history of effectively assisting landowners 
who voluntarily address natural resource concerns.  Currently, all Local Management Agencies 
in Oregon are SWCDs.   
 
The day-to-day implementation of the Area Plan is accomplished through an intergovernmental 
agreement between ODA and each SWCD.  Each SWCD implements the Area Plan by providing 
outreach and technical assistance to landowners.  SWCDs also work with ODA and the LAC to 
establish implementation priorities, evaluate progress toward meeting Area Plan goals and 
objectives, and revise the Area Plan and associated regulations as needed.  
 
1.3.3 Local Advisory Committee (LAC) 
 
For each Management Area, the director of ODA appoints an LAC (OAR 603-090-0020) with 
up to 12 members, to assist with the development and subsequent biennial reviews of the local 
Area Plan and regulations.  The LAC serves in an advisory role to the director of ODA and to the 
Board of Agriculture.  LACs are composed primarily of landowners in the Management Area 
and must reflect a balance of affected persons.   
 
The LAC may meet as frequently as necessary to carry out their responsibilities, which include, 
but are not limited to: 

• Participate in the development and ongoing revisions of the Area Plan.  
• Participate in the development and revisions of regulations. 
• Recommend strategies necessary to achieve goals and objectives in the Area Plan. 
• Participate in biennial reviews of the progress of implementation of the Area Plan and 

regulations. 
• Submit written biennial reports to the Board of Agriculture and the ODA director. 

 
1.3.4 Agriculture’s Role 
 
Each individual landowner or operator in the Management Area is required to comply with the 
regulations, which set minimum standards.  However, the regulations alone are not enough.  To 
achieve water quality standards, individual landowners also need to attain land conditions that 
achieve the goals and objectives of the voluntary Area Plan.  Each landowner or operator is not 
individually responsible for achieving water quality standards, agricultural pollution limits, or 
the goals and objectives of the Area Plan.  These are the responsibility of the agricultural 
community collectively.   
 
Technical and financial assistance is available to landowners who want to work with SWCDs (or 
with other local partners) to achieve land conditions that contribute to good water quality.  
Landowners may also choose to improve their land conditions without assistance.  
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Area regulations only address impacts that result from agricultural activities.  A landowner is 
responsible for only those conditions caused by activities conducted on land managed by the 
landowner or occupier.  Conditions resulting from unusual weather events or other circumstances 
not within the reasonable control of the landowner or operator are considered when making 
compliance decisions.  Agricultural landowners may be responsible for some of the above 
impacts under other legal authorities. 

Under the Area Plan and associated regulations, agricultural landowners and operators are not 
responsible for mitigating or addressing factors that do not result from agricultural activities, 
such as: 

• Hot springs, glacial melt water, extreme or unforeseen weather events, and climate 
change. 

• Septic systems and other sources of human waste. 
• Public roadways, culverts, roadside ditches and shoulders. 
• Dams, dam removal, hydroelectric plants, and non-agricultural impoundments. 
• Housing and other development in agricultural areas. 

 
1.3.5 Public Participation  
 
The public was encouraged to participate when ODA, LACs, and SWCDs initially developed the 
Area Plans and associated regulations.  ODA and the LAC in each Management Area, held 
public information meetings, a formal public comment period, and a formal public hearing.  
ODA and the LACs modified the Area Plans and regulations, as needed, to address comments 
received.  The director of ODA adopted the Area Plans and regulations in consultation with the 
Board of Agriculture.   
 
ODA, LACs, and SWCDs conduct biennial reviews of the Area Plans and regulations.  Partners, 
stakeholders, and the general public are invited to participate in the process.  Any future 
revisions to the regulations will include a public comment period and a public hearing.   
 
1.4 Agricultural Water Quality 
 
1.4.1 Point and Nonpoint Sources of Water Pollution 
 
There are two types of water pollution.  Point source water pollution emanates from clearly 
identifiable discharge points or pipes.  Significant point sources are required to obtain permits 
that specify their pollutant limits.  Agricultural operations regulated as point sources include 
permitted Confined Animal Feeding Operations (CAFOs) and pesticide applications in, over and 
within three feet of water.  Many CAFOs are regulated under ODA’s CAFO Program.  Irrigation 
water discharges may be at a defined discharge point, but does not currently require a permit.   
 
Nonpoint water pollution originates from the general landscape and is difficult to trace to a 
single source.  Nonpoint sources include erosion and contaminated runoff from agricultural and 
forest lands, urban and suburban areas, roads, and natural sources.  In addition, groundwater can 
be impacted from nonpoint sources including agricultural amendments (fertilizers and manure). 
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1.4.2 Beneficial Uses and Parameters of Concern 
 
Beneficial uses of clean water include:  public and private domestic water supply, industrial 
water supply, irrigation, livestock watering, fish and aquatic life, wildlife and hunting, fishing, 
boating, water contact recreation, aesthetic quality, hydropower, and commercial navigation and 
transportation.  The most sensitive beneficial uses are usually fish and aquatic life, water contact 
recreation, and public and private domestic water supply.  These uses are generally the first to be 
impaired as a water body is polluted, because they are affected at lower levels of pollution.  
While there may not be severe impacts on water quality from a single source or sector, the 
combined effects from all sources contribute to the impairment of beneficial uses in the 
Management Area.  Beneficial uses that have the potential to be impacted in this Management 
Area are summarized in Chapter 2.   
 
Many water bodies throughout Oregon do not meet state water quality standards.  These water 
bodies may or may not have established water quality management plans documenting needed 
reductions.  The most common water quality concerns related to agricultural activities are 
temperature, bacteria, biological criteria, sediment and turbidity, phosphorous, algae, pH, 
dissolved oxygen, harmful algal blooms, nitrates, pesticides, and mercury.  These parameters 
vary by Management Area and are summarized in Chapter 2.   
 
1.4.3 Impaired Water Bodies and Total Maximum Daily Loads (TMDLs) 
 
Every two years, the DEQ is required, by the federal Clean Water Act (CWA), to assess water 
quality in Oregon.  CWA Section 303(d) requires DEQ to identify a list of waters that do not 
meet water quality standards.  The resulting list is commonly referred to as the 303(d) list.  DEQ, 
in accordance with the CWA, is required to establish TMDLs for pollutants on the 303(d) list.   
 
A TMDL includes an assessment of water quality data and current conditions and describes a 
plan to restore polluted waterways to conditions that meet water quality standards.  TMDLs 
specify the daily amount of pollution that a water body can receive and still meet water quality 
standards.  Through the TMDL, point sources are assigned pollution limits as “waste load 
allocations” in permits, while nonpoint sources (agriculture, forestry, and urban) are assigned 
pollution limits as “load allocations.”  TMDLs are legal orders issued by the DEQ, so parties 
assigned waste or load allocations are legally required to meet them. The agricultural sector is 
responsible for meeting the pollution limit (load allocation) assigned to agriculture specifically, 
or to nonpoint sources in general, as applicable.  
 
TMDLs generally apply to an entire basin or subbasin, and not just to an individual water body 
on the 303(d) list.  Once a TMDL is developed for a basin, the basin’s impaired water bodies are 
removed from the 303(d) list, but they remain on the list of impaired water bodies.  When data 
show that water quality standards have been achieved, water bodies will be identified on the list 
of water bodies that are attaining water quality standards. 
 
As part of the TMDL process, DEQ identifies the Designated Management Agency or parties 
responsible for submitting TMDL implementation plans.  TMDLs designate that the local Area 
Plan is the implementation plan for the agricultural component of the TMDLs that apply to this 
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Management Area.  Biennial reviews and revisions to the Area Plan and regulations must 
address agricultural or nonpoint source load allocations from TMDLs.   
 
The list of impaired water bodies (303(d) list), the TMDLs, and the agricultural load allocations 
for the TMDLs that apply to this Management Area are summarized in Chapter 2.  
 
1.4.4 Water Pollution Control Law – ORS 468B.025 and ORS 468B.050 
 
Senate Bill 502 was passed in 1995, authorizing ODA as the state agency responsible for 
regulation of farming activities for the purpose of protecting water quality.  A Department of 
Justice opinion dated July 10, 1996, states that “...ODA has the statutory responsibility for 
developing and implementing water quality programs and rules that directly regulate farming 
practices on exclusive farm use and agricultural lands.”  In addition, this opinion states, “The 
program or rule must be designed to achieve and maintain Environmental Quality Commission’s 
water quality standards.” 
 
To implement Senate Bill 502, ODA incorporated ORS 468B into all of the Area Plans and 
associated regulations in the state.  A Department of Justice opinion, dated September 12, 2000, 
clarifies that ORS 468B.025 applies to point and nonpoint source pollution. 
 
ORS 468B.025 states that:  

“(1) ...no person shall: 
(a) Cause pollution of any waters of the state or place or cause to be placed any wastes in 
a location where such wastes are likely to escape or be carried into the waters of the state 
by any means. 
(b) Discharge any wastes into the waters of the state if the discharge reduces the quality 
of such waters below the water quality standards established by rule for such waters by 
the Environmental Quality Commission.  

(2) No person shall violate the conditions of any waste discharge permit issued under ORS 
468B.050.”   

 
The aspects of ORS 468B.050 that apply to the Ag Water Quality Program, state that: 

“(1) Except as provided in ORS 468B.053 or 468B.215, without holding a permit from the 
Director of the Department of Environmental Quality or the State Department of Agriculture, 
which permit shall specify applicable effluent limitations, a person may not: 

(a) Discharge any wastes into the waters of the state from any industrial or commercial 
establishment or activity or any disposal system.” 

 
Definitions (ORS 468B.005)  
 
“Wastes” means sewage, industrial wastes, and all other liquid, gaseous, solid, radioactive or 
other substances, which will or may cause pollution or tend to cause pollution of any waters of 
the state.  Additionally, OAR 603-095-0010(53) includes but is not limited to commercial 
fertilizers, soil amendments, composts, animal wastes, vegetative materials, or any other wastes. 
 
“Pollution or water pollution” means such alteration of the physical, chemical, or biological 
properties of any waters of the state, including change in temperature, taste, color, turbidity, silt 
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or odor of the waters, or such discharge of any liquid, gaseous, solid, radioactive, or other 
substance into any waters of the state, which will or tends to, either by itself or in connection 
with any other substance, create a public nuisance or which will or tends to render such waters 
harmful, detrimental or injurious to public health, safety or welfare, or to domestic, commercial, 
industrial, agricultural, recreational, or other legitimate beneficial uses or to livestock, wildlife, 
fish or other aquatic life or the habitat thereof. 
 
“Water” or “the waters of the state” include lakes, bays, ponds, impounding reservoirs, springs, 
wells, rivers, streams, creeks, estuaries, marshes, inlets, canals, the Pacific Ocean within the 
territorial limits of the State of Oregon and all other bodies of surface or underground waters, 
natural or artificial, inland or coastal, fresh or salt, public or private (except those private waters 
which do not combine or affect a junction with natural surface or underground waters), which are 
wholly or partially within or bordering the state or within its jurisdiction. 
 
1.5 Other Water Quality Programs  
 
1.5.1 Confined Animal Feeding Operations (CAFO) 
 
ODA is the lead state agency for the CAFO Program.  The CAFO Program was developed to 
ensure that operators and producers do not contaminate ground or surface water with animal 
manure.  Since the early 1980s, CAFOs have been registered to a general Water Pollution 
Control Facility permit designed to protect water quality, while allowing the operators and 
producers to remain economically viable.  A properly maintained CAFO does not pollute ground 
or surface water.  To assure continued protection of ground and surfacewater, ODA was directed 
by the 2001 Oregon State Legislature to convert the CAFO Program from a Water Pollution 
Control Facility permit program to a federal National Pollutant Discharge Elimination System 
(NPDES) program.  ODA and DEQ jointly issued a NPDES CAFO Permit in 2003 and 2009.  
The 2009 permit will expire in May 2014, and it is expected that a new permit will be issued at 
that time.  The NPDES CAFO Permit is compliant with all Clean Water Act requirements for 
CAFOs; it does allow discharge in certain circumstances as long as the discharge does not 
violate Water Quality Standards.  
 
Oregon NPDES CAFO Permits require the registrant to operate according to a site-specific, 
ODA approved, Animal Waste Management Plan that is incorporated into the NPDES CAFO 
Permit by reference.  CAFO NPDES Permits protect both surface and ground water resources. 
 
1.5.2 Drinking Water Source Protection  
 
Oregon implements its drinking water protection program through a partnership between DEQ 
and the Oregon Health Authority.  The program provides individuals and communities with 
information on how to protect the quality of Oregon’s drinking water.  DEQ and the Oregon 
Health Authority encourage community-based protection and preventive management strategies 
to ensure that all public drinking water resources are kept safe from future contamination.  For 
more information see: www.deq.state.or.us/wq/dwp/dwp.htm.  Agricultural activities are 
required to meet those water quality standards that contribute the safe drinking water.   
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1.5.3 Groundwater Management Areas (GWMAs)  
 
Groundwater Management Areas are designated by DEQ when groundwater in an area has 
elevated contaminant concentrations resulting, at least in part, from nonpoint sources.  Once the 
GWMA is declared, a local groundwater management committee comprised of affected and 
interested parties is formed.  The committee then works with and advises the state agencies that 
are required to develop an action plan that will reduce groundwater contamination in the area. 
 
Oregon has designated three GWMAs because of elevated nitrate concentrations in groundwater. 
These include the Lower Umatilla Basin GWMA, the Northern Malheur County GWMA, and 
the Southern Willamette Valley GWMA.  Each GWMA has a voluntary Action Plan to reduce 
nitrate concentrations in groundwater.  If after a scheduled evaluation point DEQ determines that 
the voluntary approach is not effective, then mandatory requirements may become necessary. 
 
1.5.4 Pesticide Management and Stewardship 
 
The ODA Pesticides Program holds the primary responsibility for registering pesticides and 
regulating their use in Oregon, under the Federal Insecticide Fungicide Rodenticide Act.  ODA’s 
Pesticide Program administers regulations relating to pesticide sales, use, and distribution, 
including pesticide operator and applicator licensing, as well as proper application of pesticides, 
pesticide labeling, and registration.  
 
In 2007, the interagency Water Quality Pesticide Management Team (WQPMT) was formed to 
expand efforts to improve water quality in Oregon related to pesticide use.  The WQPMT 
includes representation from ODA, Oregon Department of Forestry, DEQ, and the Oregon 
Health Authority.  The WQPMT facilitates and coordinates activities such as monitoring, 
analysis and interpretation of data, effective response measures, and management solutions.  The 
WQPMT relies on monitoring data from the Pesticides Stewardship Partnership (PSP) Program 
and other monitoring programs to assess the possible impact of pesticides on Oregon’s water 
quality.  Pesticide detections can be addressed through multiple programs and partners, including 
the PSP Program described above. 
 
Through the PSP Program, state agencies and local partners work together to monitor pesticides 
in streams and to improve water quality (www.deq.state.or.us/wq/pesticide/pesticide.htm).  DEQ, 
ODA, and Oregon State University Extension Service work with landowners, SWCDs, 
watershed councils, and other local partners to voluntarily reduce pesticide levels while 
improving water quality and crop management.  There has been noteworthy progress since 2000 
in reducing pesticide concentrations and detections.  
 
ODA led the development and implementation of a Pesticides Management Plan (PMP) for the 
state of Oregon (www.oregon.gov/ODA/PEST/water_quality.shtml).  The PMP, completed in 
2011, strives to protect drinking water supplies and the environment from pesticide 
contamination, while recognizing the important role that pesticides have in maintaining a strong 
state economy, managing natural resources, and preventing human disease.  The PMP sets forth 
a process for preventing and responding to pesticide detections in Oregon’s ground and surface 
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water resources by managing the pesticides that are currently approved for use by the U.S. EPA 
and Oregon in both agricultural and non-agricultural settings. 
 
1.5.5 The Oregon Plan for Salmon and Watersheds 
 
In 1997, Oregonians began implementing the Oregon Plan for Salmon and Watersheds referred 
to as the Oregon Plan (www.oregon-plan.org).  The Oregon Plan seeks to restore native fish 
populations, improve watershed health, and support communities throughout Oregon.  The 
Oregon Plan has a strong focus on salmon, because they have such great cultural, economic, and 
recreational importance to Oregonians, and because they are important indicators of watershed 
health.  ODA’s commitment to the Oregon Plan is to develop and implement Area Plans and 
associated regulations throughout Oregon. 
 
1.6 Partner Agencies and Organizations 
 
1.6.1 Oregon Department of Environmental Quality (DEQ)  
 
The U.S. EPA has delegated authority to DEQ under the CWA authority for protection of water 
quality in Oregon.  In turn, DEQ is the lead state agency with overall authority to regulate for 
water quality in Oregon.  DEQ coordinates with other state agencies, including ODA and Oregon 
Department of Forestry, to meet the needs of the CWA.  DEQ sets water quality standards and 
and develops TMDLs for impaired waterbodies.  In addition, DEQ develops and coordinates 
programs to address water quality including National Pollution Discharge Elimination Permits 
(for point sources), 319 program, Source Water Protection, 401 Water Quality Certification, and 
GWMAs.  DEQ also coordinates with ODA to help ensure successful implementation of Area 
Plans as part of its 319 program.   
 
DEQ designated ODA as the Designated Management Agency for water pollution control 
activities on agricultural and rural lands in the state of Oregon to coordinate meeting agricultural 
TMDL load allocations.  A Memorandum of Agreement (MOA) between DEQ and the ODA 
recognizes that ODA is the agency responsible for implementing the Ag Water Quality Program 
established under ORS 568.900 to ORS 568.933, ORS 561.191, and OAR Chapter 603, 
Divisions 90 and 95.  The MOA between ODA and DEQ was updated in 2012 and describes 
how the agencies will work together to meet agricultural water quality requirements.  
  
The MOA includes the following commitments: 

• ODA will develop and implement a monitoring strategy, as resources allow, in 
consultation with DEQ. 

• ODA will evaluate Area Plans and regulation effectiveness in collaboration with DEQ. 
o ODA will determine the percentage of lands achieving compliance with 

Management Area regulations. 
o ODA will determine whether the target percentages of lands meeting the desired 

land conditions, as outlined in the goals and objectives of the Area Plans, are being 
achieved. 

• ODA and DEQ will review and evaluate existing information with the objective of 
determining:  
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o Whether additional data are needed to conduct an adequate evaluation.  
o Whether existing strategies have been effective in achieving the goals and 

objectives of the Area Plan.  
o Whether the rate of progress is adequate to achieve the goals of the Area Plan.  

 
The Environmental Quality Commission, which serves as DEQ’s policy and rulemaking board, 
may petition ODA for a review of part or all of any Area Plan or its associated regulations.  The 
petition must allege with reasonable specificity that the Area Plan or associated regulations are 
not adequate to achieve applicable state and federal water quality standards (ORS 568.930(3)(a)).  
 
1.6.2 Other Partners 
 
ODA and SWCDs work in close partnership with local, state, and federal agencies and 
organizations, including:  DEQ (as indicated above), the United States Department of 
Agriculture (USDA) Natural Resources Conservation Service (NRCS) and Farm Service 
Agency, watershed councils, Oregon State University Extension Service, livestock and 
commodity organizations, conservation organizations, and local businesses.  As resources allow, 
SWCDs and local partners provide technical, financial, and educational assistance to individual 
landowners for the design, installation, and maintenance of effective management strategies to 
prevent and control agricultural water pollution.   
 
1.7 Measuring Progress 
 
Agricultural landowners and operators have implemented effective conservation projects and 
management activities throughout Oregon to improve water quality for many years.  However, it 
has been challenging for ODA, SWCDs, and LACs to measure this progress.  ODA is working 
with SWCDs, LACs, and our partners to develop and implement objectives and strategies that 
will produce measurable outcomes for agricultural water quality.  
 
1.7.1 Measurable Objectives 
 
Measurable objectives allow the Ag Water Quality Program to better evaluate progress toward 
meeting water quality standards and load allocations where TMDLs have been completed.  Many 
of these measurable objectives relate to land condition and are mainly implemented through 
focused work in small geographic areas (section 1.7.3).  The measurable objectives for this Area 
Plan are in Chapter 3, and progress toward achieving the objectives is summarized in Chapter 4. 
 
At a minimum, the measurable objectives of the Ag Water Quality Program and this Area Plan 
are to: 

• Increase the percentage of lands achieving compliance with the regulations. 
• Increase the percentage of lands meeting desired land conditions outlined in the Area 

Plan. 
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1.7.2 Land Condition and Water Quality 
 
Land conditions can serve as useful surrogates (indicators) for water quality parameters.  For 
example, streamside vegetation is generally used as a surrogate for water temperature, because 
shade blocks solar radiation from warming the stream.  In addition, sediment can be used as a 
surrogate for pesticides and nutrients, because many pesticides and nutrients adhere to sediment 
particles.   
 
The Ag Water Quality Program focuses on land conditions, in addition to water quality data, for 
several reasons: 

• Landowners can see land conditions and have direct control over them. 
• It can be difficult to separate agriculture’s influence on water quality from other land 

uses. 
• It requires extensive monitoring of water quality at an intensive temporal scale to 

evaluate progress; it is expensive and may fail to demonstrate short-term improvements. 
• Improved land conditions can be documented immediately, but there may be a significant 

lag time or a need for more extensive implementation before water quality improves. 
• Agricultural improvements in water pollution are primarily through improvements in land 

and management conditions. 
 
Water quality monitoring data may help ODA and partners to measure progress or identify 
problem areas in implementing the Area Plan; although, as described above, it may be less likely 
to evaluate the short-term effects of changing land conditions on water quality parameters such 
as temperature, bacteria, nutrients, sediment, and pesticides. 
 
1.7.3 Focused Implementation in Small Geographic Areas 
 
Focus Areas 
A Focus Area is a small watershed with significant water quality or land condition concerns that 
are associated with agriculture.  ODA’s intent in selecting Focus Areas is to deliver systematic, 
concentrated outreach and technical assistance in small geographic areas (“Focus Areas”) 
through the SWCDs.  A key component of this approach is measuring conditions before and after 
implementation to document the progress made with available resources.  The focused 
implementation approach is consistent with other agencies’ and organizations’ efforts to work 
proactively in small geographic areas, and is supported by a large body of scientific research 
(e.g., Council for Agricultural Science and Technology, 2012).  
 
Systematic implementation in Focus Areas can provide the following advantages: 

• Measuring progress is easier in a small watershed than across an entire Management 
Area. 

• Water quality improvement may be faster since small watersheds generally respond more 
rapidly. 

• A proactive approach can address the most significant water quality concerns. 
• Partners can coordinate and align technical and financial resources. 
• Partners can coordinate and identify the appropriate source specfic conservation practices 

and demonstrate the effectiveness of these conservation practices. 
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• A higher density of projects allows neighbors to learn from neighbors. 
• A higher density of prioritized projects leads to greater connectivity of projects. 
• Limited resources are used more effectively and efficiently. 
• Work in one Focus Area, followed by other Focus Areas, will eventually cover the entire 

Management Area. 
 
SWCDs choose a Focus Area in cooperation with ODA and other partners.  In some cases, a 
Focus Area is selected because of efforts already underway or landowner relationships already 
established.  The scale of the Focus Area matches the SWCD’s capacity to deliver concentrated 
outreach and technical assistance, and to complete (or initiate) projects over a biennium.  The 
current Focus Area for this Management Area is described in Chapter 3.   
 
Working within a Focus Area is not intended to prevent implementation within the remainder of 
the Management Area.  The remainder of the Management Area will continue to be addressed 
through general outreach and technical assistance. 
 
Strategic Implementation Areas 
Strategic Implementation Areas are small watersheds selected by ODA, in cooperation with 
partners, and after review of water quality and other available information.  ODA leads the 
assessment of current conditions and the landowner outreach.  Strategic Implementation Areas 
and Focus Areas are both tools to concentrate efforts in small geographic areas to achieve water 
quality standards.  As with Focus Areas, SWCDs and partners work with landowners to improve 
conditions that may impact water quality.  However, Strategic Implementation Areas also have a 
compliance evaluation and assurance process that allows ODA to proactively gain compliance 
with Ag water quality regulations. 
 
1.8 Implementation, Monitoring, Evaluation, and Adaptive Management 
 
Implementation of the Area Plan and associated regulations will be assessed by evaluating the 
status and trends in agricultural land conditions.  Measurable objectives will be assessed across 
the entire Management Area and within the Focus Area.  ODA conducts land condition and 
water quality monitoring at the statewide level and will analyze this and other agencies’ and 
organizations’ local monitoring data.  The results and findings will be summarized in Chapter 4 
for each biennial review.  ODA, DEQ, SWCDs, and LACs will examine these results during the 
biennial review and will revise the goal(s), objectives, and strategies in Chapter 3, as needed. 
 
1.8.1 Statewide Aerial Photo Monitoring of Streamside Vegetation  
 
Starting in 2003, ODA began evaluating streamside vegetation conditions using aerial photos 
acquired specifically for this purpose.  ODA focuses on land condition monitoring efforts on 
streamside areas because these areas have such a broad influence over water quality.  Stream 
segments representing 10 to 15 percent of the agricultural lands in each Management Area were 
randomly selected for monitoring.  ODA examines streamside vegetation at specific points in 90-
foot bands along the stream from the aerial photos and assigns each sample stream segment a 
score based on ground cover.  The score can range from 70 (all trees) to 0 (all bare ground).  The 
same stream segments are re-photographed and re-scored every five years to evaluate changes in 
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streamside vegetation conditions over time.  Because site capable vegetation varies across the 
state, there is no one correct riparian index score.  The main point is to measure positive or 
negative change. The results are summarized in Chapter 4 of the Area Plan. 
 
1.8.2 Agricultural Ambient Water Quality Monitoring Assessment 
 
ODA currently evaluates water quality data from monitoring sites in DEQ’s water quality 
database that reflects agricultural influence on water quality.  These data are also published in the 
DEQ water quality database and evaluated at the statewide level to determine trends in water 
quality at agricultural sites statewide.  Results from monitoring sites in the Management Area, 
along with local water quality monitoring data, are described in Chapter 4.  
 
1.8.3 Biennial Reviews and Adaptive Management 
 
The Area Plan and associated regulations undergo biennial reviews by ODA and the LAC.  As 
part of each biennial review, ODA, DEQ, SWCDs, and the LAC discuss and evaluate the 
progress on implementation of the Area Plan and associated regulations.  This evaluation 
includes enforcement actions, landscape and water quality monitoring, and outreach efforts over 
the past biennium across the Management Area and for the Focus Area.  In addition, progress 
toward achieving agricultural load allocations may be documented (if a TMDL has been 
established).  As a result of the biennial review, the LAC submits a report to the Board of 
Agriculture and the director of ODA.  This report describes progress and impediments to 
implementation, and recommendations for modifications to the Area Plan or associated 
regulations necessary to achieve the purpose of the Area Plan.  The results of this evaluation will 
be used to update the goal(s), measurable objectives, and strategies in Chapter 3.   
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Chapter 2: Local Background 
 
2.1 Local Roles and Responsibilities 
 
2.1.1 Local Advisory Committee 
 
This document was developed with the assistance of a LAC.  The LAC was formed in June of 
1998 to identify water quality concerns in the Yamhill Basin and assist with the development of 
the Area Plan and regulations and with subsequent biennial reviews and plan adaptations 
overtime.  Active members are involved in a wide-variety of operations.  LAC Members: 
 

Name Area Operation Affiliations 
Sam Sweeney 
Chair 

Dayton General farming, 
row crops 

Country Heritage Farms, Yamhill 
SWCD, Palmer Irrigation District 

Allan Elliott Dayton Nursery Carlton Plants 
Oregon Association of 
Nurserymen 

Lucien 
Gunderman 

McMinnville Livestock Crown Hill Farms 

Steve Jones McMinnville General farming Select Seed 
Wheat League, Oregon Clover 
Growers 

Ernie Strahm Carlton Livestock, 
small woodlot 

City of McMinnville Water 
Reclamation Facility 

Tom Thomson Dallas General farming, 
grass seed 

Polk SWCD 

Alan Holstein Dundee Vineyard Past board member of LIVE 
Rich Blaha Yamhill Livestock ABR—Research Biologist 
Matt Crawford Amity Grass and specialty 

seed 
 

Tim Pfeiffer Yamhill General farming  
Bruce 
Ruddenklau 

Amity  General farming  

Rod Volbeda 
(Alternate) 

West Salem Dairy Volbeda Farms 
Polk SWCD 

  
2.1.2 Local Management Agency 
 
The day-to-day implementation of this Area Plan is accomplished through Memoranda of 
Agreement between the Yamhill and Polk SWCDs.  This Agreement defines the SWCDs as the 
Local Management Agencies for implementation of the Area Plan.  Beginning in 1998, the 
Yamhill SWCD agreed to provide staffing to facilitate the activities and responsibilities of the 
LAC.  The Yamhill SWCD was directly involved in development of the Area Plan and 
regulations. 
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2.2 Area Plan and Regulations: Development and History 
 
The Area Plan and associated regulations were developed over 25 LAC meetings, beginning in 
June of 1998 and concluding in April of 2000.  The Area Plan and regulations were approved by 
the Director of ODA in July of 2000.  During the development process, all LAC meetings were 
open to the public and public input was specifically sought at a public hearing in December 
1999.   
 
Since approval, the LAC met in 2003, 2007, 2009, 2011, and 2013 to review the Area Plan and 
regulations.  Based on these assessments, the ODA, the SWCDs, the LAC, and the State Board 
of Agriculture consider making appropriate modifications to the Yamhill River Basin Area Plan 
and/or the associated regulations. 
 
2.3 Geographic and Physical Setting 
 
The Yamhill Basin is located in Yamhill County and the northern portion of Polk County, 
Oregon.  It has an area of 769 square miles.  The basin drains to the Yamhill River, which in turn 
drains to the Willamette River near Dayton.  Although Chehalem Creek is not a tributary of the 
Yamhill River, its drainage resides within Yamhill County and is therefore included within the 
Yamhill Basin Area Plan boundary.  The Chehalem Creek drainage basin has an area of 56 
square miles and includes a few small streams that flow directly to the Willamette near Newberg 
and Dundee.  The Chehalem Creek land area draining to the Willamette River within Yamhill 
County is clearly illustrated in the Yamhill Basin boundary map for purposes of this Plan (See 
map 1).  Elevation in the Yamhill Basin ranges from 60 to 3,600 feet.  The amount of rainfall 
ranges widely, from 40 inches at the valley bottom to 150 inches at the highest elevations in the 
basin. 
 
Though the predominant land uses in the Yamhill Basin are forestry and agriculture (see Table 
1), urban areas are growing rapidly.  In 1900, the population of Yamhill County (which 
comprises 70 percent of the basin) was 13,000 (Otte et al, 1974).  The current population of 
Yamhill County is approximately 99,000 (US Census Bureau, 2010), and by 2040 it is projected 
to be approximately 166,000 (Oregon Department of Administrative Services, 2007).  Urban 
development is concentrated in the nine small cities in the county.  Approximately 186,000 acres 
of Yamhill County are farmlands, down from 284,000 in 1900.  There are approximately 1,800 
farms in the county, with an average size of 103 acres (US Census of Agriculture, 1997).  In 
2007, this increased to approximately 2,115 farms in the county, with an average size of 86 acres 
(US Census of Agriculture, 2007).  Please note that these numbers are for Yamhill County only, 
while the figures in Table 1 are for the whole basin. 
 
The Yamhill sub-basin has a land area of aproximately 494,000 acres.  Land cover in the sub-
basin is 34% agriculture, 40% forest, 16% grassland/shrub, and 7% urban (3% other).  The 
USGS 2006 National Land Cover Database (NLCD) Land Cover GIS layer was used to 
determine land use. 
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Table 1.  Ownership and Land Use Types in the Yamhill Basin.  
 

 

Ownership  Acreage  
 

Land Use 
 

Acreage  
Federal  43,786 acres Irrigated farmland  38,365 acres 
State  2,459  Non-irrigated farmland  155,275  
Tribal  10,000  Range / Pasture  62,931  
Private 435,671  Forest  223,300  
   Urban  8,000  
Total Area 491,916 acres Still Water  645  
   Other  3,400  
      
   Total 491,916 acres 

 
The forested areas are generally in the western part of the watershed, foothills, and upper 
elevations of the Coast Range.  Additional forestland occurs in isolated tracts in the Amity-Eola 
Hills, Red Hills of Dundee, and the Chehalem and Parrett Mountains.  Commercial forest is 
under public and private ownership.  Public lands include those of the Siuslaw National Forest 
and Bureau of Land Management.  Private ownerships are industrial and non-industrial forests 
and smaller woodlots.  The Confederated Tribes of Grand Ronde also owns commercial forest in 
the western part of the watershed.  
 
Figure 2.  Yamhill Basin. 
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Much of the watershed is intensively farmed.  Intensive agriculture includes highly productive 
cultivated land such as orchards, vineyards, nursery stock, grasses, legumes, row crops, dairy farms, 
irrigated hay and pasture, and dry-land farm crops (e.g., cereal grains).  The diversity of agriculture is 
expressed in Table 2.  The majority of the farmland in the basin is in the southern and eastern 
portions of Yamhill County and the northeastern portion of Polk County.  Most of the major crops, 
such as cereal grains, orchards, and grasses are grown on the low foothills and the main valley 
terrace.  Irrigated vegetable and specialty crops such as nursery products, vegetables for processing 
and fresh market, corn for silage, hay, and alfalfa are generally grown on the alluvial bottomlands. A 
large portion of the agricultural land is artificially drained.  The slopes of most of the cultivated land 
range from zero to eighteen percent. 
 
The types of crops grown in the Yamhill Basin have shifted during this century and these 
changes have caused physical impacts in the basin.  Most of the basin's farmland was planted in 
dryland crops such as oats and barley until the early 1940's.  Since then, agricultural production 
in the basin has diversified to include irrigated specialty crops and a greater variety of dryland 
crops.  The growth in specialty crops has been accompanied by increased withdrawals from 
streams in the basin.  The potential for soil erosion is dependent on the cropping system.   
 
Table 2.  Major crops in Yamhill County. 
 

Crop 
Acres planted 
in 2012  Livestock 

Number of 
head 

All wheat  11,900  Cattle and calves inventory   25,500 
All hay  19,050       Cattle and calves sold  NA 
Oats  1,933       Beef cows  5,800 
Silage corn  2,500       Milk cows   5,000 
Barley  300  Sheep, ewes, and lambs   13,000 
Grass and legume seeds  44,102  Hogs and pigs   900 
Hazelnut  7,410  Chickens  3,602,000 
Tree Fruit 
Wine grapes 

 1,615 
 5,800 

 Horses, Mules, Burros and 
Donkeys 

  
            3,900 

Christmas trees 

 
 3,600 

 
 Goats 

Llamas2 
   700 

            NA 
Nursery / Greenhouse  Not in 2012 

Report 
   

Berry crops (strawberries, black 
raspberries, blackberries, boysenberries, 
blueberries) 

 1,535    

Sources:    
Census of Agriculture (2012).  

  2Bob Wynea, President of the Willamette Valley Llama Association (1999). 
 
Typically, annual cropping systems have greater potential for soil erosion than perennial 
cropping systems.   
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Farming practices in the Yamhill Basin have also undergone changes.  Cover cropping in certain 
perennial crops is becoming an accepted method of reducing soil erosion.  Flailing in orchard 
crops for vegetation control has become a routine practice.  Farmers have also begun practicing 
residue management on highly erodible land.  Confined Animal Feeding Operations (CAFOs), 
especially dairy farms, have worked to better contain wastes with manure storage systems and 
apply them based on crop nutrient needs.  
 
Because there is no snowpack in the Yamhill Basin in an average year, rainfall provides most of 
the area’s water.  As is typical in a rainfall watershed, the impact of water entering into streams 
is more immediate and of shorter duration than in a watershed supplied with snowmelt.  
Additionally, the water contributed to streams through rainfall is generally at a higher 
temperature than is snowmelt.  About 85 percent of the total annual rainfall in the area usually 
falls during the period September through April, and soils on the floodplains are subject to 
occasional to frequent flooding during the winter (Knezevich, 1982).  
 
2.3.1 Water Resources 
 
Appropriated water in the Yamhill Basin is diverted for agricultural, municipal, industrial, and 
commercial use.  The primary use for which water rights are issued in the Yamhill Basin is 
irrigation.  The amount of water appropriated in the basin is 8,300 annual acre feet (one acre foot 
covers one acre of land with a foot of water), with 6,423 acre feet of this allocated for irrigation 
(Oregon Water Resources Department, 1998).  There are 24,907 acres of irrigated land in 
Yamhill County (Census of Agriculture, 2002).  The water used for irrigation comes from 
several sources in the Yamhill Basin.  These sources include impoundments, groundwater, out-
of-basin transfers, and streams throughout the basin.  Additionally, the Palmer Creek Water 
District Improvement Company diverts water from the Willamette River and excess water is 
returned to the Yamhill.  Presently, there are no further appropriations of surface water allowed 
in the South Yamhill River, and most other basins are fully appropriated in the summer.  With all 
appropriated water, the date of water right determines seniority.  Junior water rights have lower 
priority and the user may be forced to cease irrigation under extreme conditions. 
 
Stream flow in the Yamhill Basin varies throughout the year and the high and low flows have 
different impacts on the landscape and resources.  Stream flows vary widely between summer 
and winter largely due to the amount of rainfall.  The greater amount of water diverted for 
irrigation during the summer also contributes to the fluctuations in flow.  The South Fork of the 
Yamhill River, for example, has an average flow of 30 ft3/sec during the summer low flow 
condition and 6,000 ft3/sec during the winter high flow condition.  During the winter high stream 
flows, a prominent resource concern is soil erosion.  Also, leached nutrients and pesticides can 
negatively affect water quality and can serve as an economic loss for producers.  During periods 
of low stream flow, nutrients, heat load, and pesticides can more easily impact water quality, 
because lower stream flows provide less dilution of contaminants.  Additionally, the higher 
stream temperatures associated with low flow in the summertime are a major factor affecting 
aquatic life. 
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2.3.2 Biological Resources 
 
The diversity and acreage of natural wildlife habitats in the basin has been reduced as land has 
been converted from natural forest and grasslands to managed forests, pasture, cropland, 
homesteads, and urban areas.  Studies estimate that around 40 percent of the original wetlands in 
the Willamette Valley have been lost (Gabriel, 1993).  As a result, some of the ecological 
functions of wetlands and riparian areas have been impaired.  These areas filter contaminants, 
trap sediment, and provide wildlife habitat.  Wetland and riparian vegetation also minimizes 
hydrologic fluctuations by retaining water during high flows.  This water may then replenish 
groundwater or provide shallow subsurface flow to streams.  Both of these flow mechanisms are 
important for water quality with groundwater providing most of the instream water during 
summertime periods of low precipitation. 
 
The Yamhill Basin hosts a number of vertebrate species that depend on aquatic habitats.  Native, 
non-game fish include red-side shiner (Richardsonius balteatus), northern pike minnow 
(Ptychocheilus oregonensis), largescale (Catostumus columbianus) and bridgelip (Catostumus 
macrocheilus) sucker, Pacific lamprey (Lampetra tridentata), brook lamprey (Lampetra 
richardsoni), and several species of sculpin (Cottus spp.).  Also native are winter steelhead 
(Oncorhynchus mykiss) and perhaps the basin’s most widely distributed fish, cutthroat trout 
(Oncorhynchus clarki).  Although adult Willamette spring Chinook salmon do not spawn in the 
Yamhill Basin, juvenile spring Chinook salmon (Oncorhynchus tshawytscha) have been found to 
use streams in the lower portion of the basin during the winter months for seasonal rearing 
(Galovich, 1999).  Other aquatic vertebrates in the basin include several amphibians such as the 
Pacific giant salamander (Dicamptodon ensatus), tailed frog (Ascaphus trueii), red-legged frog 
(Rana aurora), and Columbia seep salamander (Rhyacotriton kezeri).  Several mammalian 
species also depend on the waters of the Yamhill Basin.  Beavers (Castor canadensis), muskrats 
(Ondatra zibethica), and river otters (Lutris canadensis) are common throughout the region.  
American dippers, green herons, belted kingfishers, and several other bird species also live and 
feed in the basin's aquatic habitats.   
 
Several of the Yamhill Basin's fish and aquatic vertebrate populations are currently in decline.  
The Upper Willamette steelhead is listed under the Endangered Species Act.  Pacific lamprey 
(another anadromous, cold water species) is currently listed as vulnerable on the Oregon 
Sensitive Species List and is of special concern to tribal communities due to its cultural 
importance.  The Columbia seep salamander and the Western pond turtle are currently listed as 
critical on the state Sensitive Species List, while the status of the tailed frog and red-legged frog 
is vulnerable. 
 
Ongoing conservation efforts in the Yamhill Basin are benefiting wildlife habitat.  Conservation 
practices such as wetland restoration, upland habitat planting, tree and shrub planting, and 
riparian restoration create new habitat.  Many producers are working with the SWCDs in the 
Yamhill Basin to implement these types of measures that will benefit wildlife in the future. 
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2.4 Water Quality in the Management Area 
 
The LAC consulted many sources when determining water quality issues in the Yamhill Basin.  
These sources are listed in Table 5.  While this is not a complete list of available data, water 
quality trends for the area are established utilizing the data.  
 
2.4.1 303(d) Listed  
 
As indicated above, several stream segments within the Yamhill River Basin Area Plan, 
(including Chehalem Creek in the Middle Willamette Basin) have been declared "water quality 
limited or impaired" and have been placed on the  Oregon DEQ 303(d) List or have established 
TMDLs Appendix A identifies the stream segments that are “303(d) Listed” or have established 
TMDLs for bacteria (fecal coliform), temperature, chlorophyll a, Chloropyrifos, dissolved 
oxygen, iron, nutrients, and manganese.  The 303(d) Listed streams are shaded in the table. 
These parameters are assessed by DEQ for water quality and are described in Appendix C.  Also, 
the Appendix A & C information can be found at: 
http://www.deq.state.or.us/wq/assessment/rpt0406.htm. 
 
2.4.2 TMDLs and Agricultural Load Allocations 
 
A study conducted by the DEQ during the summer of 1988 determined that sections of the South 
Fork, North Fork and the mainstem Yamhill River exceeded water quality standards for pH.  
Analysis of the data determined that phosphorus levels in the river were causing an increase in 
algae populations and in turn pH.  The data also indicated the wastewater treatment plants 
located in the communities of McMinnville, Carlton, Lafayette, and Yamhill were significant 
sources of phosphorus. 
 
In response to this study, the Oregon Environmental Quality Commission, in June of 1989, 
established more stringent standards to improve water quality on the Yamhill River.  These 
standards included a TMDL for phosphorus in 1992 for the streams listed in Appendix A. 
 
The cities of McMinnville, Carlton, Lafayette, and Yamhill took steps to meet the new TMDL 
for phosphorus.  The summer low flow conditions in the river were found to be a critical time for 
phosphorus concentrations, while winter stream conditions were not affected by phosphorus.  As 
a result, both Yamhill and Carlton wastewater treatment plants no longer discharge to the 
Yamhill River during summer months, and the cities of Lafayette and McMinnville utilize 
chemical treatment to reduce the phosphorus discharged.  The TMDL process also established an 
allocation for the load of phosphorus entering streams through agricultural activities and other.  
Efforts to reduce phosphorous have been ongoing under this plan. Strategies (Appendix G and 
Chapter 3 goals) documented in this Area Plan support phosphorous reduction and affiliated 
parameter improvements.   
 
Oregon has developed TMDLs for portions of the Willamette basin at different times.  Table 3 
sumarizes TMDL development.  Willamette Basin TMDLs for temperature, bacteria, and 
mercury were adopted in 2006.  Stream specific TMDLs were issued for Dissolved Oxygen in 
the Upper Willamette.  The Willamette Basin TMDL only covered 9 of the 12 (excluded  
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Table 3. 2006 Willamette Basin and Yamhill TMDL Dates by Basins. 
 

Subbasin Bacteria 
Dissolved 
Oxygen Mercury Phosphorous Temperature 

Legacy 
Pesticides 
Nitrates 

Willamette  
TMDL  9 
of 12 
Subbasins, 
includes 
Chehalem 
Creek 

2006 2006 
stream 
specific in 
Upper 
Willamette 

2006 NA 2006 N/A 

Yamhill 303(d) no 
TMDL 

303(d) no  
TMDL 

When TMDLs are 
completed for 
other parameters. 
Current efforts to 
reduce erosion  
support mercury 
reductions. 

1998 303(d) no 
TMDL 

303(d)  
no TMDL 

 
Molalla-Pudding, Tualatin, and Yamhill) basins.  Mercury is not identified on the Appendix A 
list because it applies to the Willamette River as a whole.  Erosion control efforts under this plan 
work towards mercury reductions in the Chehalem area where the TMDL for mecury has been 
established.  This Area Plan is a tool for implementing the nonpoint source controls required by a 
TMDL for phosphorus, bacteria, mercury, and temperature.  The same BMPs are used in 
Yamhill and therefore work for the mercury TMDL and for when other TMDLs in the Yamhill 
are completed for the 303(d) Listings applicable to the Yamhill Basin. 
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Table 4.  2006 Nonpoint Source Agricultural TMDL Load Allocations/Reductions.  
 

TMDL Basin  Allocations 
Bacteria Middle 

Willamette 
– Chehalem 
Creek 

95% reduction applies to the Middle Willamette overall.  

Mercury Middle 
Willamette 
– Chehalem 
Creek 

27% Willamette Basinwide. 

Temperature Middle 
Willamette 
– Chehalem 
Creek 

Middle Willamette - Attainment and preservation of effective shade levels 
on smaller tributaries associated with system potential vegetation will 
eliminate most anthropogenic nonpoint source heat loads. 91% thermal 
pollution is from nonpoint sources. Surrogate measure is effective shade 
targets and a heat load equivalent of 0.05 ºC of the Human Use Allowance. 

Phosphorous 
 

Yamhill Waters of the state must be of sufficient quality to support aquatic species 
without detrimental changes in the resident biological communities.  
Aquatic weeds or algae growth can decrease oxygen levels and increase pH, 
both of which can be harmful to fish. Excessive growth of these organisms 
can clog navigable waters and interfere with swimming, boating, and 
drinking water supply. Aquatic weeds and algae out-compete native 
submerged aquatic vegetation.  
The following standards support water quality under the phosphous TMDL: 

PH 6.5-8.5. 
Many biological processes, such as everyday metabolism and 
reproduction, are hampered in acidic (pH too low) or alkaline. 
Chlorophyll a 0.015 mg/l. 
Elevated chlorophyll a levels indicate excessive inputs of nutrients.  

 
TMDL Load Allocations under the 2006 Willamette TMDL for Chehalem Creek and the 
Yamhill Basin Phosphorous TMDLs s are outlined in Table 4 above. 
 
Surface water quality in the Yamhill Basin varies seasonally.  During the summer low flow 
periods, sections of the middle and lower reaches of the Yamhill River have poor water quality 
for several parameters.  Some seasonal variation in water quality in the Yamhill Basin probably 
occurred prior to European settlement due to the natural characteristics of the stream.  Diversion 
of water and hydrologic changes (created by activities such as tiling or impoundments) have 
exaggerated seasonal variations.  This reduction in flow and some loss of shading by riparian 
vegetation have probably contributed to some increases in water temperature.  Also, point and 
nonpoint source wastewater discharges have adversely affected water quality. 
 
There are several potential sources of water pollution in the Yamhill Basin.  Point source 
pollution emanates from clearly identifiable discharge points such as wastewater plants and 
industrial operations.  Non-point source pollution originates from the general landscape and is 
difficult to trace to a single point.  Non-point sources of pollution in the Yamhill Basin include 
erosion from agricultural, rural, and forestlands and streambanks, roadsides, and development in 
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Table 5.  Water quality data for the Yamhill Basin. 
 

Data Source Parameter Sample Site Date Author Value of Study 
Water Quality Assessment - 
Oregon's 2004/2006 
Integrated Report and 
Database 
http://www.deq.state.or.us/
wq/assessment/rpt0406.htm 

All Sites throughout 
Oregon 

1998 
2002 
2004 

Oregon DEQ Water quality 
status for water 
bodies in 
Oregon.  

Oregon Dept. of 
Environmental Quality - 
Water Quality Monitoring 
Program 

All 3 monitoring 
station sites: 
Yamhill River at 
Dayton (10363), 
North Yamhill 
River at Poverty 
Bend Road 
(10929), South 
Yamhill River at 
HWY 99W 
(10948) 

Ongoing Oregon DEQ Statistical  
monitoring data. 

Distribution of Dissolved 
Pesticides and Other Water 
Quality Constituents in 
Small Streams, and their 
Relation to Land Use, in the 
Willamette River Basin, 
OR, 1996 

Pesticides, 
nutrients, 
conventional 
parameters 

3 sites: tributary to 
Ash Swale, 
tributary to S. 
Yamhill, West 
Fork Palmer Creek 

1996 Chauncey 
Anderson et 
al., USGS 

Provided 
baseline data on 
pesticides and 
nutrients in the 
Yamhill Basin. 

Phosphorus Loading in 
Baker Creek, Oregon 

Phosphorus 18 sites along 
Baker Creek  

1992 Scott Stewart, 
Dept. of Soil 
Science, OSU  

Interpretation 
needed. 

1998 Temperature 
Monitoring Report 

Temperature Mill and Turner 
Cr. Basins; sites 
on Cosper and 
Rowell Cr. & S. 
Yamhill R. 

1999 Yamhill Basin 
Council 

Documented 
temperatures 
from mouth to 
headwaters; 
verified 
accuracy of 
303(d) listings. 

Endangered Species List Steelhead  1999 National 
Marine 
Fisheries 
Service, US 
Fish and 
Wildlife 

Aquatic species 
of concern 
(habitat 
requirements). 
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urban areas; contaminated runoff from livestock and other agricultural operations; and 
contaminated runoff from established urban areas, septic systems, and natural sources.  
Pollutants from non-point sources are carried to the surface water or groundwater through the 
action of rainfall, irrigation runoff, seepage, and illicit discharges. 
 
The Greater Yamhill Watershed Council (YBC) was key in monitoring efforts in the area from 
1998 to 2009.  In 1998, YBC monitored stream temperature at a number of sites throughout the 
region to collect baseline data on stream temperatures.  Beginning in 2003, the YBC monitored 
additional parameters (temperature, dissolved oxygen, pH, conductivity, turbidity, E. coli, and 
aquatic insects) at 25 sites in the watershed.  In 2004, monitoring continued at a subset of the 
2003 sites.  In 2005 and 2006, the YBC completed baseline monitoring 17 sites on the North 
Yamhill River and tributies.  In 2008 and 2009, the YBC completed monitoring on the Lower 
South Yamhill.  For additional information or results of the monitoring contact the YBC. 
 
2.4.3 Summary 
 
Good water quality is a benefit to many different uses.  Beneficial uses of water in the Yamhill 
Basin include, fishing; swimming; boating; habitat for aquatic organisms and wildlife; native 
species enhancement; agricultural, domestic, municipal, and industrial water supplies; and 
aesthetics.  While there may not be severe impacts on water quality from a single source or 
activity, the combined effects from all sources contribute to the impairment of beneficial uses of 
the Yamhill River Basin water.  Most of the impacts on beneficial uses are recognized during 
summer low flow periods.  Water impairments are often the result of activities that occur; 
however, in the fall and winter months. 
 
During the development of this Area Plan, the Yamhill SWCD recognized that not only could 
this planning process meet the requirements of the AgWQM Act, it could also address the issues 

Data Source Parameter Sample Site Date Author Value of Study 
North Yamhill River 
Subwatershed Water 
Quality Monitoring Final 
Report 

Temperature, 
dissolved 
oxygen, 
turbidity, 
conductivity, 
E.coli, flow, 
macro-
invertebrates, 
and physical 
habitat. 

17 sites on the 
North Yamhill 
River, Panther 
Creek, and Baker 
Creek. 

2007 Yamhill Basin 
Council 

Characterize 
water quality in 
the North 
Yamhill 
Watershed. 

http://www.deq.state.or.us/
lab/wqm/docs/WillametteB
asinAssessment2009.pdf 

   Oregon DEQ Willamette 
Basin Rivers and 
Stream 
Assessment 
2009 

http://www.deq.state.or.us/
lab/wqm/docs/OWQISum
mary12.pdf 

   Oregon DEQ Oregon Water 
Qulaity Index 
2012 
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associated with the federal CWA and Endangered Species Act.  The SWCD encourages 
landowners to begin an individual conservation planning process that will improve the quality of 
their resources while meeting the intent of these state and federal regulations. 
 
2.5 Prevention and Control Measures  
 
The focus of the Agricultural Water Quality Management Program is on voluntary and 
cooperative efforts by landowners, SWCDs, ODA, and others to protect water quality.  However, 
the AgWQM Act also provides for a regulatory backstop to ensure prevention and control of 
water pollution from agricultural sources in cases where landowners or operators refuse to 
correct problem conditions.  Regulations serve as this backstop while allowing landowners 
flexibility in how they protect water quality.  Regulations are goal-oriented and describe 
characteristics that should be achieved on agricultural lands, rather than practices that must be 
implemented. 
 
In its advisory role to ODA, the LAC developed regulations to protect water quality and prevent 
and control water pollution from agriculture.  The LAC recognizes that every farm and situation 
is different, and recommends each situation be considered carefully when the regulations are 
enforced.  
 
In addition to the regulations, available management practices that may help landowners achieve 
compliance and meet the goals and objectives of the Area Plan are included for reference.  The 
available management practices are intended as suggestions for landowners as options on how to 
meet the goals and objectives the Area Plan and generally maintain and enhance natural 
resources on their property.  Landowners are neither required to cease a specific practice nor 
implement a particular practice by the Area Plan or associated regulations.  
 
The management practices mentioned here that may help landowners achieve compliance are 
probably not enough for someone who wants to know exactly how to implement an available 
management practice on their property for a specific purpose.  For more information, please 
consult one of the agencies or organizations listed in Appendix D, sources of information and 
technical assistance, or one of the publications listed in the references section. 
 
There are cost-share and other forms of funding available for many of the available management 
practices that can significantly offset the costs to the producer.  Some of the practices that 
funding is available for include fencing, off-stream water, hardened crossings, supplemental 
planting of riparian vegetation, and control of invasive vegetation.  For a list of funding 
programs, see Appendix H.    
 
Each prevention and control measure (PCM) relates directly to water quality concerns identified 
on the 303(d) List in the Management Area.  The concerns addressed in these PCM are: 
 

• Bacteria (e. coli and fecal coliform) 
• Temperature 
• Phosphorus 
• Turbidity 
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• Dissolved oxygen 
• Chlorophyll a 
• pH 
• Biological criteria 
• Iron 
• Manganese 

 
This Area Plan serves as a guidance document and as stated in the foreword, does not establish 
provisions for enforcement.  The Area Rules developed with the LAC (OAR 603-095-0540(1) 
through 603-095-0540(7)) are included in this document only as a reference for landowners.  
Each Area Rule has a border around it and appears in italics.  The following, OAR 603-095-0540 
gives some provisions that apply to the Area Rules that were developed with the LAC. 
 

 
 
2.5.1 Prevention and Control Measure #1 - Erosion and Sediment  
 
Issue  
 
The goal of this PCM is to prevent erosion on agricultural and rural lands.  Erosion occurs when 
soil particles detach and move due to the impacts of wind and water.  Eroded soil particles can 
carry contaminants along with them.  These particles, either with or without attached 
contaminants, can move to waterways and create water quality problems.  Soil erosion reduces 
the long-term productivity of farmland. 
 
OAR 603-095-0540(1)(c) of this PCM is intended to prevent existing drainages and channels 
from being damaged, destabilized or otherwise eroded with excessive volumes of flow and/or 
high energy discharges.  Ditches, culverts, and other drainage structures are designed to handle a 
maximum flow volume, and should not be relied upon to carry volumes of water beyond this 
maximum.  Designed drainages also have a limit to the power (or energy) of flow they can 
handle without being damaged by scour or other erosion processes.  Natural channels have 
formed in response to certain flow volumes and energies, and also cannot handle flows beyond 
these maximums without eroding and/or becoming unstable. 
  

OAR 603-095-0540 
All landowners or occupiers conducting activities on lands in agricultural use shall be in 
compliance with the following criteria.  A landowner or occupier shall be responsible for 
only those violations of the following prevention and control measures caused by 
activities conducted on land managed by the landowner or occupier.  Criteria do not 
apply to conditions resulting from unusual weather events or other exceptional 
circumstances which could not have been reasonably anticipated.   
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OAR 603-095-0540 
(1) Erosion prevention and sediment control:  
(a) Landowners or occupiers shall prevent sheet and rill erosion in excess of four times the 
tolerable soil loss (T) leaving the property or being transported to streams. 
(b) By January 1, 2005, landowners or occupiers shall prevent sheet and rill erosion in excess of 
two times the tolerable soil loss (T) leaving the property or being transported to streams. 
(c) Sediment from sheet and rill, gully, or drainage way erosion shall not reach waters of the 
state.   
(d) Indicators of non-compliance for (a) through (c) above are:  
(A) visible soil deposition that could enter natural stream areas;  
(B) visible sloughing from drainage ways as a result of livestock grazing, tillage, or human 
destruction of riparian vegetation; or  
(C) underground drainage tile outlets either improperly installed or maintained allowing soil or 
bank erosion to actively occur. 
 
Potentially impacted parameters 
Sedimentation, nutrients, toxics. 
 
Indicators of non-compliance 
 
Clear non-compliance 

• Visible soil deposition that enters natural stream areas. 
• Visible sloughing from drainage ways as a result of livestock grazing, tillage, or the 

destruction of riparian vegetation by the landowner or occupier. 
• Underground drainage tile outlets either improperly installed or maintained allowing soil 

or bank erosion to actively occur. 
 
Likely non-compliance, requires further investigation 

• Sheet and rill erosion greater than “T.” 
• Eroding road ditches, drainage ways, and field borders. 
• A drainage way that is growing deeper or wider in response to increased flows. 
• Field swales with high water flow and without crop residues, grass cover, or sediment 

control structures. 
• Steep slopes with minimal cover. 
• Sediment deposits left from flowing water that are visible away from the ditch or 

channel. 
• Lack of vegetation in and around drainage ditch. 

 
Definitions 
Waters of the state – As defined in ORS 468B.005(10), see page 16. 
 
Erosion, rill - An erosion process in which numerous small channels only several inches deep are 
formed and which occurs mainly on recently disturbed soils.  The small channels formed by rill 
erosion would be obliterated by normal smoothing or tillage operations.  OAR 603-095-
0010(14). 
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Erosion, sheet - The removal of a fairly uniform layer of soil from the land surface by runoff 
water.  OAR 603-095-0010(15).  
 
Erosion rate, sheet, and rill - The annualized amount of soil material lost from a field or parcel of 
land due to sheet and rill erosion, expressed in tons of soil eroded per acre per year, and 
calculated according to the Universal Soil Loss Equation (USLE) or the Revised Universal Soil 
Loss Equation (RUSLE).  OAR 603-095-0010(13). 
 
Soil loss tolerance factor or "T" - The maximum average annual amount of soil loss from 
erosion, as estimated by the USLE or the RUSLE, and expressed in tons per acre per year, that is 
allowable on a particular soil.  This represents the tons of soil (related to the specific soil series), 
which can be lost through erosion annually without causing significant degradation of the soil or 
potential for crop production.  OAR 603-095-0010(44). 
 
Filter strip - A strip or area of vegetation for removing sediment, organic matter, and other 
pollutants from runoff and waste water (USDA - Natural Resources Conservation Service, 1997). 
 
Example Conservation Practices 
 
For erosion control, practices include switching from conventional tillage to no till, planting a 
cover crop, tiling (subsurface drainage) a field to improve water infiltration, or any practice that 
reduces the detachment and movement of soil. 
 
For sediment control, practices include strip cropping, catch basins, grassed lined waterways, 
vegetative filter strips, and straw bales. 
 
2.5.2 Prevention and Control Measure #2  - Irrigation 
 
Issue  
 
The goal of this PCM is to prevent the mobilization of potential contaminants.  This PCM deals 
with irrigation water management.  Irrigation water management is comprised of two distinct 
components that are equally important.  The first component is the irrigation system itself: the 
physical means of moving water from the supply source into the crop’s root zone.  The type of 
irrigation system chosen must be appropriate for factors such as field slope, soil infiltration rates, 
water supply, type of crop, etc. 
 
The second component of irrigation water management considers how the system is managed.  
This includes how long and how often the water is applied and how often wearable components 
(such as sprinkler nozzles, gaskets, hoses, etc.) are replaced or serviced.  Costly or complex 
irrigation systems are not a guarantee of success, particularly if they are managed or maintained 
incorrectly. 
 
Irrigation scheduling decisions need to be based on numerous factors, such as soil water holding 
capacity, soil tilth conditions, crop type, stage of growth, weather conditions, recent applications 
of fertilizers or other chemicals, projected harvesting dates, etc.  Irrigation system capabilities 
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(performance, uniformity, efficiency, and application rate) also need to be taken into 
consideration. 
 
Irrigation monitoring to determine uniform application rates should be considered.  There are 
numerous irrigation scheduling tools available, ranging from the very inexpensive (soil moisture 
by feel using a soil probe, evaporation pans), to the very expensive (neutron probes, infrared 
guns, satellite imagery).  Naturally, some scheduling tools work better with some crops than with 
others. 
 
OAR 603-095-0540 
(2 Landowners or occupiers shall not apply irrigation water in a manner that results in 
irrigation water discharge entering the waters of the state. 
(a) Indicator of non-compliance is irrigation water discharge entering waters of the state. 
 
Potentially impacted 303(d) List parameters 
Nutrients, toxics, sedimentation. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Irrigation water discharge entering waters of the state. 
 
Likely non-compliance, requires further investigation 

• Irrigation application that creates surface runoff. 
• Irrigation water applied at a rate that creates surface water turbidity. 
• Irrigation water applied at a rate that results in "ponding." 
• Irrigation water exiting underground tile outlets. 

 
Example Conservation Practices 
 
Planting and irrigating crops on a contour, planting sloping field edges to grasses, installing 
sediment basins at field edges in swales, using irrigation soil moisture monitoring, and using drip 
irrigation. 
 
2.5.3 Prevention and Control Measure #3 – Waste 
 
Issue  
 
The goal of this PCM is to ensure that potentially concentrated nutrients and pathogens 
associated with higher livestock density areas are not readily transported to waters of the state. 
Producers should be aware that in addition to this PCM, other laws regulate the management of 
animal waste.  Many livestock operations are required to have a CAFO permit.  Also, ORS 
468B.025 prohibits activity that causes pollution of any waters of the state or places or causes to 
be placed any wastes in a location where such wastes are likely to escape or be carried into 
waters of the state by any means. 
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OAR 603-095-0540 
(3) Placement, Delivery, or Sloughing of Wastes 
(a) Effective upon adoption of these rules; 
(A) Except as provided in ORS 468B.050, no person conducting agricultural land management 
or land disturbing practices shall: 
(i) cause pollution of any waters of the state or place or caused to be placed any wastes in a 
location where such wastes are likely to be carried into waters of the state. 
(ii) Discharge any wastes into any waters of the state if the discharge reduces the quality of such  
waters below the water quality standards established by rule for such waters by the 
Environmental Quality Commission. 
(B) No person shall violate the conditions of any waste discharge permit issued pursuant to ORS  
468B.050 or ORS 568. 
(b) Indicators of non-compliance are: 
(A) runoff flowing through areas of high livestock usage and entering waters of the state; or 
(B) livestock waste located in drainage ditches or areas of flooding. 
 
Potentially impacted 303(d) List parameters 
Bacteria, nutrients, dissolved oxygen, aquatic weeds or algae, chlorophyll a, pH. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Runoff flowing through areas of high livestock usage and entering waters of the state. 
• Livestock waste located in drainage ditches or areas of flooding. 

 
Likely non-compliance, needs further investigation 

• Animal confinement areas or waste accumulation located where there is a chance of 
pollutant transport to waters of the state. 

 
Definitions 
Livestock - the animals described or listed in ORS 596.010 and 596.020 and includes, but is not 
limited to, horses, mules, jennies, jack-asses, cattle, sheep, dogs, hogs, goats, domesticated fowl, 
psittacines, ratites, domesticated fur-bearing animals, bison, cats, poultry, and any other 
vertebrate in captivity.  Fish are not livestock.  OAR 603-011-0250(4). 
 
Waters of the state – As defined in ORS 468B.005(10), see page 16. 
 
Example Conservation Practices 

• Waste management – clean water diversions; waste collection, storage, and utilization; 
facilities operation and maintenance. 

• Pasture management/prescribed grazing. 
• Vegetative buffer strips. 
• Apply manure to cropland at rates that do not exceed agronomic needs for nitrogen and 

phosphorus based on soil and/or tissue tests for the crop to be grown. 
• Schedule timing and amounts based on expected rainfall to avoid runoff. 
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• Manage livestock access to streams, wetlands, and riparian areas using off-stream 
watering facilities, exclusion (temporary or permanent), and seasonal grazing. 

 
2.5.4 Prevention and Control Measure #4 – Nutrients 
 
Issue  
 
The goal of this PCM is to limit over application of nutrients to field, vegetable, and berry crops; 
nurseries; vineyards; and orchards.  Over application of nutrients may result in nutrient runoff 
and leaching into waters of the state.  This may cause nuisance algal growth, high pH, bacterial 
growth, and a decrease in dissolved oxygen.  This PCM encourages growers to adopt sound 
agronomic practices to guide their crop nutrient applications.  
 
Crop nutrients are elements taken in by a plant that are essential to its growth, and which are 
used by the plant in the production of its food and tissue.  These elements include:  nitrogen, 
phosphorus, potassium, calcium, magnesium, sulfur, zinc, iron, manganese, copper, boron, 
molybdenum, and chlorine.  The two nutrients of prime concern for water quality in the Yamhill 
Basin are nitrogen and phosphorus.  Sources of crop nutrients include irrigation water, chemical 
fertilizers, animal manure, compost, biosolids, and leguminous and non-leguminous crop 
residues. 
 
OAR 603-095-0540 
(4) Effective upon rule adoption, landowners or occupiers shall prevent crop nutrient 
applications that result in adverse impacts to waters of the state. 
(a) Indicators of non-compliance are: 
(A) nutrients applied to open water; or 
(B) visible trail of compost, ash, or bio-solids to waters of the state. 
 
Potentially impacted 303(d) List parameters 
Bacteria, dissolved oxygen, aquatic weeds and algae, nutrients, pH, chlorophyll a. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Nutrients applied to open water.  
• Visible trail of compost, ash, or biosolids to waters of the state. 

 
Likely non-compliance, requires further investigation 

• Total nutrient applications that exceed currently accepted fertilizer guidelines, such as 
Certified Crop Advisor or OSU recommendations. 

 
Definitions 
Waters of the state - As defined in ORS 468B.005(10), see page 16. 
 
Fertilizer - Any substance, or any combination or mixture of substances, designed for use 
principally as a source of plant food, in inducing increased crop yields or plant growth, or 
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producing any physical or chemical change in the soil and shall contain five percent or more of 
available nitrogen, phosphorus pentoxide (phosphoric acid) or potassium oxide (potash), singly, 
collectively or in combination, except hays, straws, peat and leaf mold, and unfortified animal 
manure.  ORS 633.310(5) 
 
Example Conservation Practices 
 
Use of currently accepted fertilizer guidelines; setting realistic yield goals; regular calibration of 
fertilizer application equipment; appropriate application timing; periodic soil testing and plant 
tissue analysis; periodic nutrient analysis of manure and/or compost products that are applied; 
managing irrigation to prevent nutrient loss through leaching and/or surface runoff; carefully 
managing nutrient applications; and accounting for “non-fertilizer” sources of nutrients such as 
manure, compost, biosolids, and leguminous and non-leguminous crop residues. 
 
2.5.5 Prevention and Control Measure #5 – Pesticides 
 
Issue 
  
The goal of this PCM is to minimize off-site transport and maximize on-site retention of 
pesticide materials.  Over application of pesticides can lead to runoff into waters of the state and 
leaching, which may result in an increase in toxics and a decrease in biological organisms in 
water bodies and groundwater. 
 
Read the label; as required by ORS 634.372(2) and (4), follow label recommendations for both 
restricted and non-restricted use pesticides.  Pesticides can have a wide range of application 
methods and rates depending on soil type, crop type, season, and geographic location of the crop.  
Rain/irrigation affects different materials different ways.  For example, some pesticides require a 
rain/irrigation event to be activated, while others can be washed off and rendered useless during 
the same event.  Following label guidelines (which can change over time) is not only required by 
federal and state of Oregon laws, but will help to insure optimum results as well. 
 
ORS 634.372 No Person Shall: 
(2) As a pesticide applicator or operator, intentionally or willfully apply or use a worthless 
pesticide or any pesticide inconsistent with its labeling, or as a pesticide consultant or dealer, 
recommend or distribute such pesticides. 
(4) Perform pesticide application activities in a faulty, careless, or negligent manner. 
 
Potentially impacted 303(d) List parameters 
Toxics, biological criteria. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Pesticide product applied to open water unless labeled for such use. 
• No air gap or other back-siphon prevention device in use on water source used to fill 

spray equipment.  OAR 690-215-0017. 
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• Improper disposal of rinse/wash water or excess spray mix. 
 
Likely non-compliance, requires further investigation 

• Equipment not properly calibrated. 
 
Definitions 
Pesticide - Any substance or mixture of substances intended to be used for defoliating plants or 
for preventing, destroying, repelling or mitigating all insects, plant fungi, weeds, rodents, 
predatory animals or any other form of plant or animal life which is, or which ODA may declare 
to be a pest, which may infest or be detrimental to vegetation, humans, animals, or be present in 
any environment thereof.  ORS 634.006(8)(h). 
 
Example Conservation Practices 
 

• Calibrate, maintain, and correctly operate application equipment.  Spray rigs need to be 
calibrated each time application rates or materials change.  Verify that a particular rpm 
range/gear/tire combination provides the intended ground speed.  Nozzles need to be 
replaced often, particularly if abrasive pesticide formulations (such as wettable powders) 
are used.  Sprayers need to be operated in the correct pressure range (dictated by the 
material and nozzle combination used), to prevent excess drift to non-target areas (i.e., 
waters of the state). 

 
• Limit sediment movement off of the property.  Once applied, many pesticide materials 

attach to soil particles.  If soil is moving off of the property, pesticides will accompany it.  
 

• Adopt integrated pest management (IPM) practices.  IPM promotes a diverse, multi-
faceted approach to pest control.  This includes variety selection, field/orchard sanitation 
and cultural practices, field scouting, the establishment of an economic threshold for 
control actions, beneficial insect release, the use of biological pesticides, and the use of 
chemical pesticides.  While IPM does not exclude the use of chemical pesticides, it does 
seek to reduce their use.  A reduction in chemical pesticide use reduces the chance that 
these materials will make contact with waters of the state. 

 
• Establish appropriate vegetative buffer strips.  Buffer strips will help to retain soil (which 

may have absorbed pesticides) and prevent surface runoff (which may have dissolved 
pesticides) from making contact with waters of the state. 

 
• Store and handle pesticide materials correctly.  Storage and handling facilities should be 

secure and include a leak-proof pad with curbing for mixing and loading.  An alternative 
to a permanent, concrete pad is to always mix pesticides in the field, frequently moving 
sites to prevent chemical buildup.  Wash/rinse water should be directly applied to the 
appropriate crop.  Empty liquid pesticide containers should be triple rinsed, then 
punctured and disposed of in an approved manner.  Dry chemical bags should be emptied 
completely.  Bundle and store paper bags until they can be disposed of in an approved 
manner. 
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2.5.6 Prevention and Control Measure #6 - Chemigated Irrigation Water 
 
Issue  
 
This PCM addresses the rate and concentration of chemically-treated irrigation water 
applications to farm or ranchland.  Chemicals such as pesticides and fertilizers, as dissolved 
product or in suspension, should be carefully applied so that they do not move off the property to 
other bodies of water.  This could occur via surface and subsurface transport.  Irrigation systems 
used to chemigate must have appropriate backflow prevention devices installed and properly 
maintained. 
 
OAR 603-095-0540 
(5) Effective upon rule adoption, landowners or occupiers shall prevent the application of 
chemicals in combination with irrigation water that results in transport into waters of the state. 
(a) Indicator of non-compliance is chemigated water flowing into waters of the state. 
 
Potentially impacted 303(d) List parameters 
Nutrients, toxics, aquatic weeds or algae, dissolved oxygen, pH. 
 
Indicators of non-compliance: 
 
Clear indicator of non-compliance 

• Chemigated waters flowing into waters of the state. 
• Functioning back-siphon prevention device not used while chemigating.  OAR 690-215-

0017. 
 
Likely indicator of non-compliance, requires further investigation 

• Chemigated waters flowing into or ponding around wells, well pits, cisterns, or other 
direct conduits to groundwater. 

• In areas of known or suspected shallow groundwater, chemigated water ponding and 
standing for extended periods of time. 

 
Definitions 
Chemigation - The method of applying nutrients, pesticides, or both in irrigation water (National 
Association of Wheat Growers Foundation, 1994).  
 
Waters of the state - As defined in ORS 468B.005(10), see page 16. 
 
Example Conservation Practices 
Irrigation water management, vegetative buffer strips, nutrient management, tailwater 
management, integrated pest management. 
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2.5.7 Prevention and Control Measure #7 - Roads, Staging Areas, and Farmsteads 
 
Issue  
 
This PCM is intended to address non-cropped areas that may be sources of sediment or 
contaminant input to streams.  These include roads, staging areas, barn lots, stream crossings, 
and heavy use areas.  Many management methods are available for constructing and maintaining 
roads to increase their stability and reduce erosion.  A single poorly maintained road can 
comprise the vast majority of one farm’s sediment output. 
 
OAR 603-095-0540 
(6) Roadways, staging areas, farmsteads, and heavy use areas shall be constructed and 
maintained to prevent sediment or runoff contaminants from reaching waters of the state.  All 
roads on agricultural lands not subject to the Oregon Forest Practices Act (OFPA) are subject 
to this regulation.  Public roads are excluded from this prevention and control measure. 
(a) Indicators of non-compliance are: 
(A) surface runoff from farmsteads, roads, and staging areas that pick up contaminants and flow 
to waters of the state; or 
(B) visible gully erosion in roads or staging areas. 
 
Potentially impacted 303(d) List parameters 
Sediment, turbidity, nutrients, toxics, dissolved oxygen. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Surface runoff from farmsteads, roads, and staging areas that pick up contaminants and 
flow to waters of the state. 

• Visible gully erosion in roads or staging areas. 
 
Likely non-compliance 

• Inadequate culverts and water bars to keep runoff in natural channel. 
• Pesticide and oil containers stored in the open (exposed to precipitation). 

 
Definitions 
Waters of the state - As defined in ORS 468B.005(10), see page 16. 
 
Oregon Forest Practices Act - As defined in ORS 527.610 - 527.992. 
 
Example Conservation Practices 

• Appropriate culvert construction and design, plant and maintain grass cover where 
appropriate, water bars, grading roads. 
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2.5.8 Prevention and Control Measure  #8 - Streamside Areas 
 
Issue  
 
It is anticipated that this PCM will allow landowners to develop a flexible streamside area 
management strategy while providing: 

• Shade to reduce solar radiation reaching the water. 
• A buffer to filter sediment, organic material, nutrients, and pesticides in surface runoff. 
• Native species and wildlife habitat. 
• Stable streambanks. 

 
It is also anticipated that this PCM will minimize the impact of livestock on riparian vegetation 
and maintain stable streambanks while ensuring livestock access to water. 
 
A healthy streamside area provides adequate vegetation to trap sediment, prevents flood debris 
from depositing on fields, and protects pasture and cropland from bank erosion.  Protecting 
vegetation along smaller streams helps reduce solar radiation reaching the water and provides 
wildlife habitat. 
 
Landowners can determine the appropriate width of a streamside area through one of several 
methods. Some examples of how to determine the appropriate width include: 

• An area extending 25 feet horizontally from the top of a streambank on each side of the 
stream, OR 

• An area two times the height from the summer low flow level to the bankfull level, plus 
ten feet (2h + 10') on each side of the stream, OR 

• The width specified in the Conservation Practice Standards for Riparian Forest Buffer or 
Filter Strip, listed in the NRCS - Field Office Technical Guide (FOTG). 

  
Although native vegetation affords benefits over exotic species, it is not necessarily 
recommended that exotic, non-invasive species be removed in order to replant an area with 
native plants.  Native species may be more resistant to diseases and pests.  Still, non-native 
species in the near stream area may also provide valuable shade, stabilize the streambank, and 
provide cover for wildlife.   
 
OAR 603-095-0540 
(7) Landowners or occupiers shall manage streamside areas to allow the establishment, growth, 
and/or maintenance of vegetation appropriate to the site.  Vegetation must be sufficient to 
provide shade and to protect the streamside area such that it maintains its integrity during high 
stream flow events such as those events that are reasonably expected to occur as a result of a 25 
year, 24-hour storm event.  
(a) If any agricultural activity degrades riparian vegetation, the landowner or occupier shall 
replant or restore the disturbed area to an adequate cover as soon as practical. 
(b) Indicator of non-compliance is active streambank sloughing or erosion as a result of tillage,  
grazing, or destruction of vegetation by the landowner or occupier. 
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Potentially impacted 303(d) List parameters 
Aquatic weeds or algae, bacteria, biological criteria, dissolved oxygen, flow modification, habitat 
modification, nutrients, sediment, temperature, total dissolved gas, toxics, and turbidity. 
 
Indicators of non-compliance: 
 
Clear non-compliance 

• Active streambank sloughing / erosion as a result of tillage, grazing, or destruction of 
vegetation by the landowner or occupier. 

 
Likely non-compliance, requires further investigation 

• Stream not protected by appropriate vegetation. 
 
Example Conservation Practices 
 
To protect and/or restore ecological functions in riparian and wetland areas to improve watershed 
health: 

• Control undesirable vegetation. 
• Plant native trees and shrubs.   
• Allow snags (dead trees) to remain standing unless safety factors indicate otherwise.   
• Allow fallen trees to remain on the ground or in the stream unless removal is essential for 

traffic, navigation, or serious flooding reasons. 
• Allow marginally productive lands in floodplains/poorly drained riparian areas to revert 

to riparian/wetland status. 
 
To reduce erosion and sedimentation: 

• Establish buffer zones and filter strips. 
• Establish grassed waterways. 
• Protect streambanks. 
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Chapter 3:  Mission, Goal, Objectives, and Strategies 
 
3.1 Mission 
 
The mission of this Area Plan is to promote sound agricultural conservation within a framework 
of economic profitability and agricultural viability.  The Area Plan is designed to achieve 
applicable chemical, physical, and biological water quality standards. 
 
The LAC used the following guiding principles in the development of this Area Plan: 

• Control pollution as close to its source as possible. 
• Base actions on scientifically-based conservation planning. 
• Promote a variety of conservation practices in order to address individual situations. 
• Recognize the need for landowners, operators or occupiers to maintain agricultural 

profitability. 
• Protect beneficial uses of water in the Yamhill Basin. 

 
The Yamhill and Polk SWCDs work with landowners, operators, agribusiness, commodity and 
volunteer organizations, and other agencies to implement this Area Plan.  The focus of this Area 
Plan is on encouraging good stewardship of natural resources.  The success of the Area Plan 
depends upon a large percentage of landowners voluntarily using conservation measures that 
reduce pollution from agricultural lands. 
 
3.2 Goal 
 

• Prevent and control water pollution from agricultural activities and soil erosion and to 
achieve applicable water quality standards. 

 
To achieve the Area Plan goal, the following objective, strategies, and targets were developed. 
 
3.3 Objectives (Measurable) 
 
Within the Focus Area, to improve overall site condition of the tax lot acreage in any of the 
assessment categories by a total of 200 acres. 
 
3.4 Strategies for Area Plan Implementation 
 
To maintain water quality, an effective strategy must increase awareness of the problems and the 
range of potential solutions, motivate appropriate voluntary action, and provide for technical and 
financial assistance to plan and implement effective water pollution prevention and control 
measures.  The following strategies will be employed at the local level by the SWCDs and other 
partners in cooperation with landowners. 
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• Prevent runoff of agricultural wastes:  agricultural activities will not discharge any waste 
or place waste where it is likely to run off into waters of the state. 

• Prevent and control upland and cropland soil erosion using practical and available 
methods.   

• Control active channel erosion to protect against sediment delivery to streams.   
• Prevent bare areas due to livestock overgrazing near streams.  
• Allow streamside vegetation along streams on agricultural properties to establish and 

grow, to provide streambank stability, for filtration of overland flow, and for moderation 
of solar heating. 

 
3.4.1 Education and Outreach 
 
As resources allow, the SWCDs, in partnership with other agencies and local organizations, will 
develop educational programs to improve the awareness and understanding of water quality and 
quantity issues.  They will strive to provide the most current information in a manner that avoids 
conflict and encourages cooperative efforts to solve problems.  Implementation of the Area Plan 
is a priority element in the SWCDs Annual Work Plan and Long-range Plan.  The focus of the 
educational effort will be on: 
 

• Water quality improvement 
• Conservation planning 
• Prevention of agricultural water pollution 
• Watershed restoration and enhancement 
• Water quality conditions 
• Available programs and project funds 
• Conservation success stories 
• Regulations related to water quality   

 
Strategies:  Create a high level of awareness and understanding of water quality issues in 
the agribusiness community, rural landowners, and the public. 
 
Conduct education programs to promote public awareness of water quality issues. 
 

• Hold workshops on water quality issues and the conservation practices that will help 
improve water quality. 

• Develop demonstration projects to showcase successful conservation practices and 
systems. 

• Organize tours of demonstration projects for agricultural managers and producers. 
• Produce and distribute brochures about water quality issues. 
• Include updates on the status of the Yamhill River Basin Area Plan and water quality data 

in the Yamhill SWCD newsletters. 
• Provide information about ways in which impoundments may benefit water quality. 
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Conduct a media program to inform Yamhill Basin agricultural operators, rural landowners, and 
the public of conservation issues and events. 
 

• Submit news articles and public service announcements to area newspapers, radio 
stations, and newsletters. 

• Invite media to conservation tours and workshops. 
 
Involve the agricultural community in conservation education. 
 

• Create and maintain a list of experienced agricultural operators willing to share their 
conservation practices with other interested people by speaking, leading tours, and 
providing tour sites. 

 
Build partnerships with agribusiness to promote conservation. 
 

• Co-sponsor workshops and tours between the SWCDs and agribusinesses. 
• Share education materials with agribusiness field representatives. 
• Develop educational materials in conjunction with agribusinesses and commodity and 

volunteer organizations. 
 
For a list of agencies and organizations to contact for more information about resource 
management, please refer to Appendix D:  Educational and Technical Guidance Information for 
Natural Resource and Farm Management. 
 
3.4.2 Conservation Planning and Conservation Practices 
 
Conservation Planning—Landowners, operators, and occupiers have flexibility in choosing 
management approaches and practices to address water quality issues on their lands.  They may 
implement conservation systems on their own—without an approved plan—or may submit a 
written conservation plan to the LMA for approval.  
 
Voluntary conservation plans describe the management systems and schedule of conservation 
practices that the landowner will use to conserve soil, water, and related plant and animal 
resources on all or part of a farm unit.  Voluntary conservation plans may be developed by 
landowners, operators, or occupiers, consultants, or technicians available through a SWCD or 
NRCS.  An individual conservation plan should outline specific measures necessary to address 
the "Prevention and Control Measures" outlined in this AgWQM Area Plan.  Conservation plans 
are developed through a planning process that involves nine steps that are described in Appendix 
E.  For an individual conservation plan to be approved by the LMA, it must meet the minimum 
requirements outlined in the Instructions and Guidelines in Appendix F.  An approved voluntary 
conservation plan provides landowners, operators, or occupiers with limited protection against 
immediate enforcement actions by ODA, if violations of the prevention and control measures are 
found to occur on their lands.  Please refer to the Enforcement section of this Area Plan for 
details on limited protection.  
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Conservation Practices—Effective water quality management practices for water pollution 
control are those management practices and structural measures that are determined to be the 
most effective, practical means of controlling and preventing pollution from agricultural 
activities. 
 
Appropriate management practices for individual farms may vary with the specific cropping, 
topographical, environmental, and economic conditions existing at a given site.  Due to these 
variables, it is difficult to recommend any uniform set of management practices to improve water 
quality relative to agricultural practices. 
 
Management practices and land management changes are most effective when selected and 
installed as integral parts of a comprehensive resource management plan based on natural 
resource inventories and assessment of management practices.  The result is a system using the 
management practices and land management changes that are designed to be complementary, 
and when used in combination are more technically sound than each practice separately. 
 
A detailed listing of a number of specific practices and management measures that can be 
employed to control or reduce the risk of agricultural pollution are contained in other documents 
such as the Field Office Technical Guide, available for reference at the local NRCS office.  
Landowners and operators, have flexibility in choosing management approaches and practices to 
address water quality issues on their lands.  They may implement conservation systems on their 
own—without an approved plan—or may submit a written conservation plan to the LMA for 
approval. 
 
Strategies:  Increase the adoption of conservation practices to improve water quality. 
 
Encourage agricultural producers to develop conservation plans and implement conservation 
practices. 
 

• Promote the benefits of having an individual farm’s conservation plan that incorporates 
conservation practices. 

• Provide assistance in planning and implementation from the SWCDs, NRCS, and partner 
organizations. 

• Showcase positive and effective conservation practices through workshops and tours of 
demonstration projects. 

 
Identify conservation practices that will protect and improve water quality in the Yamhill Basin. 
 

• Develop and distribute a list of conservation practices.  
• Access ongoing research into effective conservation practices. 
• Obtain practical knowledge from agricultural producers. 
• Encourage a review of the current governmental policies regarding streambank protection 

and promote a cooperative approach to restoration work. 
• Develop cooperative projects between landowners and county or state road departments 

to implement roadside management practices. 
• Coordinate roadside seeding projects. 
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• Facilitate shallow water development projects that divert water from roads. 
 
A voluntary conservation plan outlines the conservation practices that fulfill these resource 
quality objectives:  
 
Livestock 
• Ensure proper animal waste storage and utilization or disposal.  
• Manage livestock access to streams, wetlands, and riparian areas. 
 
Field and Vegetable Crop Production 
• Reduce erosion and sediment delivery from agricultural and rural land. 
• Limit movement of nutrients and pesticides from agricultural lands to streams. 
• Manage and conserve irrigation water. 
 
Nurseries 
• Reduce erosion and sediment delivery from nurseries. 
• Manage and conserve irrigation water. 
• Limit movement of nutrients and pesticides from nurseries to streams. 
 
Vineyards, Berries, Orchards 
• Reduce erosion and sediment delivery. 
• Limit movement of nutrients and pesticides to streams. 
• Manage and conserve irrigation water. 
 
Streamside Areas 
• Protect and/or restore ecological functions in riparian and wetland areas to improve 

watershed health. 
• Reduce erosion and sedimentation and provide filtering and buffering characteristics. 
• Allow marginally productive or poorly drained lands in floodplains to revert to riparian 

or wetland status. 
 
Other Management Areas – Roads, Staging Areas, and Farmsteads 
• Minimize soil erosion from access roads. 
• Manage runoff and contaminants in the farmstead area. 
 
For a list of example conservation practices that may be used to meet these objectives, please 
refer to Appendix G. 
 
The Yamhill and Polk SWCDs will offer technical assistance for conservation planning and will 
provide guidance to producers who wish to develop their own conservation plans.  The USDA 
and other organizations offer financial assistance for implementing conservation practices 
outlined in voluntary conservation plans. 
 
For more information on voluntary conservation plans, please consult the following Appendices: 

E:  The Conservation Planning Process 
F:  Voluntary Conservation Plans in the Yamhill Basin:  Instructions and Guidelines 
G:  Conservation Practices 



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

53 

 
3.4.3 Funding 
 
Financial Assistance—It is not the intent of the Area Plan to impose a financial hardship on any 
individual.  It is the responsibility of the landowner or operator to request technical and/or 
financial assistance and to develop a reasonable timeframe for addressing potential water quality 
problems. 
 
As resources allow, the SWCD, NRCS, and other natural resource agency staff are available to 
assist landowners in evaluating effective practices for reducing runoff and soil erosion on their 
farms, and incorporating these practices into voluntary individual water quality plans.  Personnel 
in these offices can also design and assist with implementation of practices, and assist in 
identifying sources of cost-sharing or grant funds for the construction and use of some of these 
practices. 
 
Technical and financial assistance for installation of certain management practices may be 
available through current USDA conservation programs such as the Environmental Quality 
Incentives Program (EQIP), Conservation Reserve Program (CRP), Conservation Reserve 
Enhancement Program (CREP), Continuous CRP (CCRP), Environmental Protection Agency’s 
(EPA) non-point source implementation grants, or state programs such as the Oregon Watershed 
Enhancement Board’s (OWEB) grant program, the Riparian Tax Incentive Program, and the 
Wildlife Habitat Conservation and Management Program.  
 
The Yamhill and Polk SWCDs will seek funding to implement the Area Plan.  Funding is 
necessary in four main areas: 
 
Education – to fund education programs such as workshops, tours, and development of 
published materials. 
Technical assistance – to hire staff to work with producers through the conservation planning 
process. 
Financial assistance – to provide cost-share dollars to assist producers in implementing the 
conservation practices outlined in their voluntary conservation plans. 
Monitoring – to monitor and evaluate the effectiveness of the Area Plan and to evaluate how 
agricultural activities are impacting streams in the Management Area.  
 
Strategies:  Secure adequate funding for administration and implementation of the 
program to achieve this Area Plan’s mission, goal, objectives, and strategies. 
 
Obtain financial assistance for implementing conservation practices; and funding for 
conservation planning assistance, conservation education, and water quality monitoring. 
  

• Submit grants to ODA, OWEB, USDA, U.S. EPA, DEQ, and other agencies and private 
organizations. 

• Submit ongoing reports of successes to granting agencies. 
• Form partnerships with the agribusiness sector for additional funding. 
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• Promote USDA incentive based cost share programs to assist producers with 
conservation plan implementation. 

• Pursue the feasibility of Pollution Tax Abatement Program relative to water quality. 
• Coordinate the Area Plan with existing programs to minimize costs and conflicts. 

 
Ensure adequate administration of the Yamhill River Basin AgWQM Area Plan. 
 

• Include implementation of the Area Plan in the Yamhill and Polk SWCDs annual work 
plans and long-range business plans. 

 
For sources of financial assistance, see Appendix H:  Public Funding Sources for Landowner 
Assistance.  
 
3.4.4 Monitoring and Evaluation 
 
ODA conducts monitoring at a statewide level and analyzes other agencies’ and organizations’ 
monitoring data to answer several monitoring questions related to agriculture and water quality: 
 

• What are current water quality and landscape conditions in agricultural areas in Oregon? 
• What are water quality trends? 
• How well does the existing monitoring network assess agricultural water quality trends 

and streamside conditions in Oregon? 
• What are riparian vegetation trends along agricultural lands in Oregon? 
• How do riparian conditions compare with site capabilities?  
• How do riparian vegetation conditions change in aerial photos of selected stream 
• reaches?  
• How do changes in riparian vegetation conditions compare with trends in water quality in 

monitored watersheds? 
 
Strategies:  Monitor and evaluate the effectiveness of the Area Plan. 
 
Work with ODA, SWCDs, DEQ, the Yamhill Basin Council, and others to establish ways to 
measure Area Plan success. 
 
Inventory and assess baseline watershed conditions and potential sources of pollution in the 
Yamhill Basin. 
 
Establish a plan for monitoring streams and surface water areas that will accurately reflect 
current water quality conditions. 
 

• Use the present water quality condition of the Yamhill Basin as a baseline. 
• Work with local colleges to develop a monitoring program. 
• Access and evaluate surveys conducted by the Yamhill Basin Council or other agencies. 
• Make monitoring results available to landowners and other public members. 
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Document the number of individual conservation plans written, the number and percentage of 
acres planned in the basin, and the number of practices implemented. 
 
Track increases in awareness of water quality issues. 
 

• Document the number of attendees at conservation workshops and tours. 
• Document the number of agribusiness partnerships produced. 

 
Monitor violations of Area Rules in the Yamhill Basin. 
 

• Document the number of complaints. 
• Inventory the watershed for violations of the Area Rules. 
• Document ODA’s actions. 

 
Monitor the availability of cost-share funds to implement conservation practices outlined in 
individual conservation plans. 
 
Review and update the Area Plan if necessary. 
 

• Use a technical advisory committee to assist in evaluating Area Plan success.  
• Prepare information for biennial reviews of the Yamhill River Basin AgWQM Area Plan. 
• Prepare an Area Plan status report for and provide Area Plan revisions (if necessary) to 

the State Board of Agriculture. 
 
3.5 Targets 
 
3.5.1 Management Area Targets 
 
The following targets were developed based on the work of the Yamhill and Polk SWCDs.  
ODA and the SWCDs work together on tasks related to implementation of the Area Plan.  The 
targets are for the time period from July 2013 to July 2015 and are only for the SWCDs.  
Watershed councils and other groups may make additional efforts that fit within the mission and 
goal of the Area Plan.  The SWCDs are not obligated to these targets; they serve as direction 
from the LAC as activities that they would like to see accomplished to help gauge progress. 
 
1) Education and outreach 

• Host two workshops on specific topics such as mud and manure management or small 
acreage land stewardship.  Give ten presentations at events hosted by other organizations 
on water quality issues. 

• Develop a demonstration project highlighting successful conservation practices. 
• Hold at least two tours per year addressing key issues in priority areas. 
• Staff informational booths at a minimum of four events. 
• Publish eight news articles and/or blog posts highlighting water quality issues in local 

newspapers and mail out a quarterly newsletter by the Yamhill and Polk SWCDs. 
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2) Conservation Planning and Conservation Practices 

• Conduct information interviews to assess barriers to involvement to cost-share and other 
conservation programs focused on agricultural water quality. 

• Provide one-on-one information about the Area Plan to at least 200 landowners, 
regarding best management practices for prevention of control of nutrients, fine sediment, 
and bacteria entering the waters of the state.  This will be through fact sheets or one-on-
one technical assistance. 

• Conduct 20 site assessments to evaluate if water quality concerns are present. 
• Provide water quality planning of best management practices, practice design and/or 

project layout on six sites. 
 
3) Funding  

• Apply for funding and implement 10 water quality best management practices to improve 
agricultural water quality. 

• Provide information to at least 100 landowners on federal and local cost-share programs. 
 
4) Effectiveness 

• Document baseline water quality conditions in the management area. 
• Work with partners to develop a monitoring plan. 
• Provide a summary of violations of Rules to the LAC at the biennial review of the Area 

Plan. 
• Conduct monitoring to determine agricultural sources of pollution and identify trends in 

water quality in agricultural stream reaches. 
• Evaluate Light Detection and Ranging (LiDAR) information to understand vegetative 

conditions along streams in agricultural areas. 
 
3.5.2 Focus Area Targets 

 
The goal is to improve overall site condition of the tax lot acreage in any of the assessment 
categories by a total of 200 acres.  
 
The current Focus Area for this Management Area is the Middle North Fork of the North 
Yamhill River.  This area was chosen by the Yamhill SWCD and implementation within the area 
is from 2012 to 2015.  An Action Plan (see summary below) with a timeline, has been developed 
and approved by ODA, outlining the procedure for assessing the focus area and providing 
landowner assistance.  Key components of the focusing work in a small area are: 

• Conduct a pre-assessment of land conditions 
• Identify areas of concern 
• Conduct education and outreach to landowners  
• Offer technical assistance to landowners and financial assistance, if needed 
• Conduct post assessment at two year intervals 
• Report to ODA and LAC  
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Action Plan Summary—The Middle North Fork of the Yamhill watershed is located to the 
northwest of the city of Yamhill.  The watershed is approximately 18,000 acres and has mixed 
agricultural use varying between conventional row crops, livestock (mostly cows, horses, and 
sheep), nurseries, and orchard crops. 
 
The North Yamhill is on the 303(d) List for temperature and bacteria from the mouth of the 
North Yamhill to Turner Creek.  Also, according to the North Yamhill Watershed Assessment, 
the North Yamhill from mouth to headwaters is listed as a water body of concern for 
sedimentation.  The Yamhill Basin Council did follow up monitoring on areas of the North 
Yamhill in 2003 and their results indicate that the North Yamhill and associated tributaries still 
do not meet DEQ standards (six of seven sites did not meet standards for temperature, four of 
four sites did not meet standards for E.coli, and five of seven did not meet standards for 
turbidity).  
 
The North Yamhill and many of its associated tributaries are listed as fish bearing streams or as 
historically essential fish habitat which makes lowering stream temperature and sedimentation 
into streams an obvious priority in this area for improving conditions for native migratory fish.  
The high levels of E.coli presents human health risks which also makes lowering levels of E.coli 
a priority. 
 
Considering the diverse agricultural land use in this area, the SWCDs used three assessments to 
focus on both crop (temperature and sediment) and animal operations (temperature and E.coli) 
within the area.  The SWCDs’ objectives within this target area are to reduce acreage with 
agricultural impacts to water quality for all assessed categories and increase acreage protective of 
water quality within the focus area.  The goal is to improve overall site condition of the tax lot 
acreage in any of the assessment categories by a total of 200 acres. 

 
Results of the assessments and targeted assistance are reported to the LAC at the Biennial 
Review and upon completion will be summarized in Chapter 4. 
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Chapter 4:  Implementation, Monitoring, and Adaptive Management 
 
4.1 Implementation and Accomplishments 
 
Implementation monitoring tracks the conservation practices that have been implemented to 
benefit water quality.  The local SWCDs and NRCS track practices that have been implemented 
through quarterly reports to ODA and through a NRCS database.  In addition, projects that have 
received funding from OWEB are tracked in OWEB’s restoration database.  In addition, partner 
agencies can submit reports of projects and practices installed in the management area that 
impact water quality.  The biennial report from the LAC has an attachment with details regarding 
the implemented projects. 
 
Education and Outreach 
 
Yamhill SWCD 

• 2,416 landowners were contacted through mailings and site visits. 
• Six editions of “Conservation Notes” were mailed (mailing list 3,500 each mailing). 
• Two workshops were held with 51 attendees. 
• 127 fact sheets distributed. 
• Six conservation film nights with a total of 90 attendees. 
• Eight presentations with 242 attendees. 
• Three demonstrations with 75 attendees. 
• Eight informational booths were developed and displayed at McMinnville’s Farmers 

Market. 
• Three tours organized with 108 attendees. 
• One woodland management educational event for 5th graders held with 1,145 students. 
• 34 school groups received natural resources education at Miller Woods. 
• 107 news articles were published related to Yamhill SWCD programs. 

 
Polk SWCD 

• Five editions of “The Conservation Voice” newsletter were mailed (155 each mailing). 
• 40 presentations about water quality and salmon life cycle through Claudia Chinook. 
• Three displays developed and displayed at the Polk County Fair reaching ~675 residents. 
• 65 fact sheets distributed (three new fact sheets developed). 
• 10 news articles were published related to Polk SWCD programs. 
• 30 workshops/presentations hosted with 154 attendees. 
• Three sessions of Outdoor School and numerous one-day outdoor lessons were hosted 

reaching nearly 412 elementary and high school students. 
 
Land Stewardship and Water Quality Projects 
 
Yamhill SWCD 

• 128 site visits were conducted for landowners. 
• 24 CREP funded riparian projects being implemented by landowners. 
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• 49 conservation practices applied using funds from federal conservation programs. 
• 16 of 20 known knotweed infestations and 12 sites of Spurge Laurel were treated the last 

two years. 
• 24 informal and formal natural resources complaints were made by the public and 

followed up by the Yamhill SWCD.  
 
Polk SWCD 

• 13 site visits were conducted for landowners.  
• 136 landowners received technical assistance via drop-in visits, email, phone or mail 

correspondence. 
• Removed invasive weed species from one location totaling over 31 acres affected. 
• Three water quality projects implemented. 
• Staff followed up on one formal agricultural water quality complaints, and numerous 

informal complaints were received by the SWCD and addressed by staff. 
• Wrote/revised three WHCMP plans in assistance to ODFW. 
• Participated in the Technical Advisory Committee for Greater Yamhill Watershed 

Council as part of the 2013 Watershed Restoration Action Plan. 
 
Funding and Administration 
 
Yamhill SWCD 

• USDA-CIG proposal was funded ($75,000) and begun for cost sharing new vineyard 
spraying technology to Yamhill County. 

• Six projects funded by OWEB small grant funds ($54,729). 
• One erosion/fish passage barrier removed using multiple funding sources (OWEB 

$36,173, ODFW $4,000, and Northwest Association of Steelheaders $6,000). 
• SWG grant for upland restoration partnering with ODFW and USFWS ($27,673). 
• Oregon Weed Board Grant received for Spurge Laurel project ($26,013). 

 
Polk SWCD 

• Two OWEB Small Grants addressing water quality issues through vegetation 
enhancement, manure management, and in-stream restoration were funded ($14,575). 

• One WHIP plan was funded ($6,100). 
• Outdoor School received funding from the Grey Family Foundation ($15,000). 
• Nutria Control Program through Western IPM was awarded ($25,000). 

 
Monitoring 
 
Nothing to Report 
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4.2 Water Quality Monitoring—Status and Trends 
 
A total of 16 water quality monitoring stations meet ODA criteria.  However, ten do not have 
data beyond 1988, and all but two do not have continuous data past 2001.  The South Yamhill at 
Hwy 99 and the North Yamhill at Poverty Bend Road are the only stations listed with continuous 
data useful for trend monitoring. 
 
Other stations with relevant data are on the North Yamhill, Mill Creek, Deer Creek, Salt Creek, 
the mainstem Yamhill River, and Willamina Creek.  In addition to the ambient water quality 
monitoring data, the Yamhill Basin Watershed Council (YBC) monitored 18 streams in 2003 and 
2004 for many of the water quality parameters of interest to ODA (except nitrogen and 
phosphorus).  Considering all these data sets, there is a very complete baseline survey of the 
entire basin.  Thirteen of all the monitoring stations showed excessive concentrations of E. coli 
and/or fecal coliform.  Thirteen streams did not meet DO standards.  Fifteen did not meet 
turbidity standards.  Salt Creek at Whiteson has had elevated N concentrations, though two 
upstream monitoring stations have not had elevated N.  Other streams with multiple sampling 
locations also show differences in water quality over distinct reaches. 
 
As of May 2007, the water quality data for the South Yamhill River at Highway 99 site shows a 
slightly increasing trend in nitrate concentrations (for the time period 1996 through 2006).  Data 
over this period shows a maximum N as nitrate concentration of 1.47 mg/l.  The mean 
concentration was 0.40 mg/l.  Though this concentration does not exceed drinking water 
standards, it is still too high for natural water.  As of September 2009, water quality data for the 
South Yamhill River site no longer showed an increasing trend in nitrate.  As of April 2013, the 
South Yamhill again had two high nitrate concentrations (up to 1.13 mg/l), and some elevated 
turbidity readings (to 40 NTUs).    
 
As of October 2007, the North Yamhill at Poverty Bend Road showed sporadic problems with E. 
coli and turbidity, though no trends were apparent.  No other analytes assessed has excessive 
concentrations, except turbidity.  One high turbidity value of 79 was reported on December 29, 
2008.  This was most likely the result of a large storm event or rain-on-snow event, because it 
also produced elevated turbidity at the North Yamhill River monitoring site.  This site had a 
turbidity of 66 on that date, along with elevated nitrate (2.26 mg/l) and total phosphorus (0.18 
mg/l) concentrations.  High nitrate and TP concentrations were also reported at this site on 
February 24, 2009.  Four high E. coli counts were also reported on the North Yamhill River after 
October, 2007.  The North Yamhill site had one high E. coli count of 649 in April, 2010 and 
some elevated turbidity up to 58 NTU.  No other agricultural water qualtiy issues were apparent 
for these sites.  
 
4.3 Department of Environmental Quality (DEQ), Oregon Water Quality 
Index (OWQI) Yamhill Basin Summary 
 
The Oregon Water Quality Index (OWQI) analyzes a defined set of water quality variables and 
produces a score describing general water quality.  The water quality variables included in the 
OWQI are temperature, dissolved oxygen (percent saturation and concentration), biochemical 
oxygen demand, pH, total solids, ammonia and nitrate nitrogens, total phosphorus, and bacteria 
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(E. coli).  There are three sites in the Yamhill Basin with sufficient data for water quality 
trending analysis, based on OWQI scores.  The locations are, 1) North Yamhill River at Poverty 
Bend Road, 2) South Yamhill River at Hwy 99, and 3) Yamhill River at Dayton.  DEQ analyzes 
data for trends over ten-year periods.  
  
The OWQI results for the Yamhill sub-basin show sites to be ranging from good to poor 
condition with no significant trend in either direction for the analysis of the data collected during 
the water years 2003 through 2012.  The poor condition of the Yamhill River at Dayton (10363) 
seems to be driven by the total solids, nitrogen and phosphorus sub-indexes.  Encouragingly, we 
are seeing increasing (improving) trends in the nitrogen and bacteria sub-index at this site.  The 
North Yamhill at Poverty Bend Rd. is in fair condition which also seems driven by total solids 
and nutrients (nitrogen and phosphorus).  This site has an increasing trend in the dissolved 
oxygen sub-index and a decreasing (declining) trend in the biochemical oxygen demand (BOD) 
sub-index.  The South Yamhill River at Hwy 99E (10948) is in good condition and shows 
increasing trends in the dissolved oxygen, nitrogen, and bacteria sub-indexes.   
 
Analysis of the data from the three Yamhill Basin sites shows a significantly increasing trend in 
water quality at the Yamhill River at Dayton site between 1986 and 1995 and at all three sites 
between 1992 and 2001.  An increasing trend in water quality continued at the North Yamhill 
site between 1994 and 2003 followed by a decreasing trend between 1998 and 2007.  Analyses 
of 10-year periods ending after 2001 do not show increasing or decreasing water quality trends at 
the South Yamhill or Yamhill River sites. 
 
Figure 3 & 4 Oregon Water Quality Index Willamette and Yamhill Basin Sites. 
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4.4 Yamhill Pesticide Stewardship Partnership (PSP) (September 2013—
Kevin Masterson, DEQ) 
 
The PSP Program uses water quality monitoring data to inform and focus voluntary collaborative 
actions to reduce pesticides in Oregon waters.  There are currently PSP projects in seven 
watersheds in Oregon, including the Yamhill Sub-Basin.  The Yamhill project was initiated in 
2007, with DEQ, Greater Yamhill Watershed Council, Yamhill SWCD, OSU Extension, and 
ODA as the principal partners.  The original monitoring network for the Yamhill PSP included 
eight sites throughout the sub-basin, including Salt Creek, North Yamhill River, Yamhill Creek, 
East Fork Palmer Creek, West Fork Palmer Creek, and Yamhill River at Lafayette Locks, and 
two sites on Cozine Creek in McMinnville.  The six monitoring sites outside of McMinnville are 
in primarily agricultural areas.  Due to funding constraints, PSP monitoring was scaled back to 
three locations between 2011 and 2013.  With the new PSP legislative funding package, Yamhill 
PSP monitoring can be scaled up in 2014;.  the additional monitoring locations will be 
determined in late 2013.  A separate PSP project was initiated in late 2010 in the South Yamhill 
Watershed, with three monitoring locations downstream of industrial forest lands.  DEQ, the 
Confederated Tribes of the Grand Ronde, and Oregon Department of Forestry are the principal 
partners on this project. 
 
The Yamhill PSP monitoring data shows a wide range of pesticides detected in streams.  
However, most of these detections are below EPA (non-regulatory) benchmarks.  For instance, 
2012 monitoring data showed that 28 pesticides or pesticide breakdown products were detected 
at three monitoring locations in the central part of the sub-basin.  Benchmark exceedences were 
recorded for five (5) of these 28 pesticides, but these exceedences represent a small percentage of 
the total number of samples collected.  Some pesticides are detected frequently at some 
locations, and often occur as mixtures with several other pesticides.  These chronic detections 
and mixtures are of potential concern for aquatic life, although these concerns cannot yet be 
quantified.  In 2012, five pesticides or breakdown products were detected in over 80 % of the 
samples collected at three sites.  The herbicide Diuron (Karmex) was detected in all samples 
collected in 2010 and 2012, and some of these detections exceeded the benchmark.  This 
particular herbicide is used in a variety of agricultural and non-agricultural operations; therefore, 
focusing outreach and technical assistance effectively can be challenging.   
 
The Yamhill PSP monitoring data doesn’t show any definitive trends in concentrations of 
frequently detected pesticides or pesticides that regularly exceed benchmarks, since the outset of 
the Yamhill PSP project.  As an example, West Fork Palmer Creek was listed as impaired (on 
DEQ’s 303(d) List) for the insecticide chlorpyrifos (Lorsban) in the early 2000s, and continues 
to be detected through 2012 at levels above the chronic water quality criterion.  The levels of 
chlorpyrifos in 2012 dropped significantly from 2011, but that followed increases in 2010 and 
2011.  Chlorpyrifos was also detected twice in Middle Cozine Creek in 2012, with one of those 
detections exceeding both the chronic and acute criteria. 
 
Over the past five years, the PSP data has been shared with the watershed council membership, 
municipal representatives, SWCD staff, federal and state natural resource agencies, and 
agricultural chemical distributors.  These stakeholders have been brought together in previous 
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years to learn about the data findings and develop ideas on possible outreach strategies.  The 
watershed council distributed information about the pesticide data findings in multiple 
newsletters and outreach materials.  In addition, as part of the PSP, OSU Extension Service, and 
Integrated Plant Protection Center (IPPC) have held multiple workshops for Yamhill Sub-Basin 
growers on integrated pest management and pesticide risk reduction tools, with linkages being 
made to the water quality data findings.  These general education actions are useful at a macro 
level, but DEQ and ODA determined that a more finely focused geographic approach is needed 
to produce the measurable improvements that have been observed in multiple PSP watersheds in 
the eastern part of Oregon.  Specifically, the approach would be to concentrate more monitoring 
in two well-defined sub-watersheds (most likely, West Fork Palmer Creek and Cozine Creek in 
McMinnville), and focus more intensive outreach and technical assistance in those areas.  The 
original monitoring network of eight sites scattered throughout the sub-basin did not allow for 
that type of intensive effort given the limited resources available to the PSP program. 
 
4.5 Aerial Photo Monitoring of Streamside Vegetation 
 
Currently, ODA is focusing land condition monitoring efforts on riparian areas, because these 
areas have such an influence over water quality.  Riparian land conditions are evaluated every 
five years by analyzing aerial photographs of about five percent of the riparian agricultural land.  
ODA staff examine riparian ground cover at specific points in 90-foot bands along the stream 
from the aerial photos and assign each sample stream reach a score based on ground cover.  The 
score can theoretically range from 70 (all trees) to 0 (all bare ground).  Staff will then compare 
that score with the score from photos taken again in five years to track changes in riparian 
conditions over time.  Because site conditions vary across the state, there is no one correct 
riparian index score.   
 
Six streams were monitored in this basin in 2003 and 2008.  Results of the 2008 landscape 
monitoring showed there was little difference from the initial 2003 monitoring.  The six Yamhill 
streams analyzed for this report all showed tree and shrub densities of at least 65 percent within 
thirty feet of the stream, with most streams (except Berry Creek) having tree and shrub densities 
in excess of 80 percent.  Springbrook Creek had the largest change in riparian index score, and 
this was probably because of urban development encroaching on the stream corridor.  Urban 
development led to a loss of tree cover and an increase in grass cover.  The other streams did not 
have significant changes in land cover elements.  
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Appendix A: Waterbodies with an approved TMDL and waterbodies listed on 
the 2010 303(d) List 
 
 
 

Waterbody  River Mile Parameter Season Status Date 
TMDL Approved     

Deer Creek 0 to 20.4 Phosphorus May 1 – 
October 31 

Water Quality 
Limited, TMDL 
Approved 

1998 

Mill Creek 0 to 22.2 Phosphorus May 1 – Oct 
31 

Water Quality 
Limited 

1998 

N. Yamhill River 0 to 20.1 Phosphorus May 1 – 
October 31 

Water Quality 
Limited 

1998 

Salt Creek 0 to 32.8 Phosphorus May 1 – 
October 31 

Water Quality 
Limited 

1998 

S. Yamhill River 0 to 61.7 Phosphorus May 1 – 
October 31 

Water Quality 
Limited 

1998 

Willamina Creek 0 to 20.8 Phosphorus May 1 – 
October 31 

Water Quality 
Limited 

1998 

Yamhill River 0 to 11.2 Chlorophyll a Year round Water Quality 
Limited 

2004 

Yamhill River 0 to 11.2 Phosphorus May 1 – 
October 31 

Water Quality 
Limited 

1998 

Yamhill River 0 to 11.2 pH 
 

May 1 – 
October 31  

Water Quality 
Limited 

1998 

Middle Willamette 
-Chehalem Creek  

0 to 13.8 Temperature Year round 
non spawning 

Water Quality 
Limited 

2010 

Middle Willamette 
- Chehalem Creek 
Tributary 

0 to 4.3 Temperature Year round 
non spawning 

Water Quality 
Limited 

2010 

303 (d)  List     
Baker Creek 0 to 14.2 Biological 

Criteria 
Year-round Water Quality 

Limited  
303 (d) list 

2012 

Baker Creek 8.9 to 14.3 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Baker Creek 0 to 8.1 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Baker Creek 0 to 14.2 Temperature Summer Water Quality 
Limited  
303 (d) list 

2002 

Cedar Creek 0 to 2.3 Iron Year-round Water Quality 
Limited  
303 (d) list 

2002 

Middle Willamette 
– Chehalem Creek 

0 to 13.8 Dissolved 
Oxygen 

Year round Water Quality 
Limited  
303 (d) list 

2010 

Coast Creek 0 to 8.6 Temperature 
(Spawning) 

October 15 – 
May 15 

Water Quality 
Limited  
303 (d) list 

2012 
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Waterbody  River Mile Parameter Season Status Date 
Coast Creek 0 to 8.6 Temperature 

(Rearing) 
Year-round Water Quality 

Limited  
303 (d) list 

2012 

Cosper Creek 0 to 9.1 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Cosper Creek 0 to 9.1 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

Cozine Creek 0 to 6.8 Dissolved 
Oxygen 
(Spawning) 

January 1 – 
may 15 

Water Quality 
Limited  
303 (d) list 

2012 

Cozine Creek  0 to 5 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Cozine Creek 0 to 6.8 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Cozine Creek 0 to 6.8 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

Deer Creek 0 to 20.4 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Deer Creek 0 to 20.4 E. Coli Year-round Water Quality 
Limited  
303 (d) list 

2012 

Deer Creek 0 to 12 Temperature Summer 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

1998 

Deer Creek 0 to 20.5 Temperature Year-round 
(Rearing)  

Water Quality 
Limited  
303 (d) list 

2012 

Deer Creek 0 to 20.4 Fecal Coliform Year-round Water Quality 
Limited  
303 (d) list 

1998 

Dupee Creek 5.2 to 16.4 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Gooseneck Creek 0 to 8.8 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Gooseneck Creek 0 to 8.8 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Gooseneck Creek 0 to 6.1 Temperature 
(Spawning) 

October 15 – 
May 15 

Water Quality 
Limited  
303 (d) list 

2012 

Gooseneck Creek 0 to 8.8 Temperature 
(Rearing) 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Hay Creek 0 to 2.2 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 
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Waterbody  River Mile Parameter Season Status Date 
Hay Creek 0 to 2.2 Temperature 

(Rearing) 
Year-round Water Quality 

Limited  
303 (d) list 

2012 

Mill Creek 0 to 16.7 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Mill Creek 0 to 22.2 Fecal Coliform Summer Water Quality 
Limited  
303 (d) list 

1998 

Mill Creek 0 to 12.1 Temperature October 15 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

Mill Creek 0 to 22.2 Temperature Year-round 
(Rearing) 

Water Quality 
Limited  
303 (d) list 

2012 

Muddy Creek 2.4 to 8.9 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Muddy Creek 0 to 8.9 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

N. Yamhill River 0 to 32.4 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

N. Yamhill River 0 to 20.1 
20.1 to 32.4 

Temperature Summer Water Quality 
Limited  
303 (d) list 

1998 

N. Yamhill River 0 to 20.1 Fecal Coliform Fall/Winter/ 
Spring 

Water Quality 
Limited  
303 (d) list 

1998 

N. Yamhill River 0 to 20.1 Dissolved 
Oxygen 

Jan 1 to May 
15  

Water Quality 
Limited  
303 (d) list 

2004 

N. Yamhill River 0 to 32.5 Iron 
Manganese 

Year-round Water Quality 
Limited  
303 (d) list 

2004 

N. Yamhill River 0 to 20.1 E. Coli Fall/Winter/ 
Spring 

Water Quality 
Limited  
303 (d) list 

2004 

N. Yamhill River 12.3 to 32.4 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Palmer Creek 0 to 17 Dissolved 
Oxygen 

January 1 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

Palmer Creek 0 to 14.5 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 
 

2012 

Panther Creek 0 to 14 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 
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Waterbody  River Mile Parameter Season Status Date 
Panther Creek 8.9 to 15.8 Dissolved 

Oxygen 
Year-round Water Quality 

Limited  
303 (d) list 

2012 

Panther Creek 0 to 14 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Panther Creek 0 to 14 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2002 

Panther Creek 12.2 to 14 Turbidity Undefined 
(Drinking 
Water) 

Water Quality 
Limited  
303 (d) list 

2004 

Salt Creek 0 to 32.8 Dissolved 
Oxygen 

January 1 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

Salt Creek 0 to 32.8 Dissolved 
Oxygen 

May 1 – 
October 31 
(Rearing) 

Water Quality 
Limited  
303 (d) list 

2012 

Salt Creek 0 to 32.8 Manganese Year-round Water Quality 
Limited  
303 (d) list 

2002 

Salt Creek 0 to 32.8 Temperature Summer Water Quality 
Limited  
303 (d) list 

1998 
 

Salt Creek 0 to 32.8 Fecal Coliform Fall/Winter/ 
Spring 

Water Quality 
Limited  
303 (d) list 

1998 

Salt Creek 0 to 32.8 Dissolved 
Oxygen 

Spring/  
Summer/Fall 

Water Quality 
Limited  
303 (d) list 

1998 

Salt Creek 0 to 32.8 Chlorophyll a Summer Water Quality 
Limited  
303 (d) list 

1998 

S. Yamhill River 42.6 to 61.7 Fecal Coliform Summer Water Quality 
Limited  
303 (d) list 

1998 

S. Yamhill River 18.1 to 42.6 Temperature Summer Water Quality 
Limited  
303 (d) list 

1998 

S. Yamhill River 18.1 to 42.6 Fecal Coliform Year-round Water Quality 
Limited  
303 (d) list 

1998 

S. Yamhill River 0 to 18.1 Temperature Summer Water Quality 
Limited  
303 (d) list 

1998 

S. Yamhill River 0 to 18.1 Iron Year-round Water Quality 
Limited  
303 (d) list 

2002 

S. Yamhill River 0 to 40.1 Dissolved 
Oxygen 

January 1 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 
 

2004 
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Waterbody  River Mile Parameter Season Status Date 
Turner Creek 0 to 7.3 E. Coli Summer Water Quality 

Limited  
303 (d) list 

2012 

Turner Creek 0 to 2.5 Temperature Summer Water Quality 
Limited  
303 (d) list 

1998 

Turner Creek 4 to 7.3 Turbidity Undefined 
(Drinking 
Water) 

Water Quality 
Limited  
303 (d) list 

 

W. Fork Palmer Cr 0 to 5.2 Chlorpyrifos Year-round Water Quality 
Limited  
303 (d) list 

1998 

W. Fork Palmer Cr 0 to 5.2 Dissolved 
Oxygen 

January 15 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

W. Fork Palmer Cr 0 to 5.2 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

W. Fork Palmer 
Creek 

0 to 5.3 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

W. Fork Salt Creek 0 to 6.4 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

Wildwood Creek 0 to 2.3 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 

Willamina Creek 0 to 20.8 Biological 
Criteria 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Willamina Creek 0 to 20.8 E. Coli Year-round Water Quality 
Limited  
303 (d) list 

2012 

Willamina Creek 0 to 9.9 Fecal Coliform Fall/Winter/S
pring 

Water Quality 
Limited  
303 (d) list 

1998 

Willamina Creek 0 to 8.5 Temperature October 15 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

Willamina Creek 0 to 20.8 Temperature  Year-round 
(Rearing) 

Water Quality 
Limited  
303 (d) list 

2012 

Yamhill Creek 0 to 6.9 Dissolved 
Oxygen 

January 1 – 
May 15 
(Spawning) 

Water Quality 
Limited  
303 (d) list 

2012 

Yamhill Creek 0 to 4.6 Dissolved 
Oxygen 

Year-round Water Quality 
Limited  
303 (d) list 

2012 

Yamhill Creek  0 to 6.9 E. Coli Summer Water Quality 
Limited  
303 (d) list 

2012 

Yamhill Creek 0 to 6.9 Temperature Year-round Water Quality 
Limited  
303 (d) list 

2012 
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Waterbody  River Mile Parameter Season Status Date 
Yamhill River 0 to 11.2 Dissolved 

Oxygen 
January 1 to 
May 15 

Water Quality 
Limited  
303 (d) list 

2004 

Yamhill River 0 to 11.2 E Coli Fall/Winter/ 
Spring 

Water Quality 
Limited  
303 (d) list 

2004 

Yamhill River 0 to 11.2 Fecal Coliform Fall/Winter/S
pring 

Water Quality 
Limited  
303 (d) list 

1998 

Yamhill River 0 to 11.2 Iron Year-round Water Quality 
Limited  
303 (d) list 

2002 

Yamhill River 0 to 11.2 Manganese Year-round Water Quality 
Limited  
303 (d) list 

2002 

Yamhill River 0 to 11.2 Temperature Summer Water Quality 
Limited  
303 (d) list 

2004 
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Appendix B: Yamhill Basin Ambient Water Quality Monitoring 
Figures provided by Oregon DEQ 
 
E. coli trend data South Yamhill River at McMinnville 
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E. coli trend data North Yamhill at Poverty Bend Road 
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Temperature trend data South Yamhill at McMinnville (Salmon Rearing and Migration) 
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Temperature trend data North Yamhill at Poverty Bend Road (Salmon Rearing and Migration) 
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Dissolved oxygen trend data South Yamhill at Hwy 99 West (Resident Trout) 
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Dissolved oxygen trend data North Yamhill at Poverty Bend Road (Resident Trout) 
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pH trend data South Yamhill at McMinnville 
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pH trend data North Yamhill at Poverty Bend Road  
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Appendix C:  Common Agricultural Water Quality Parameters of Concern 
 
The following parameters are used by DEQ in establishing the 303(d) List and assessing and 
documenting waterbodies with TMDLs.  Note:  This is an abbreviated summary and does not 
contain all parameters or detailed descriptions of the parameters and associated standards.  
Specific information about these parameters and standards can be found at:  
http://www.deq.state.or.us/wq/assessment/assessment.htm or by calling (503) 229-6099.   
 
Parameters 
 
Bacteria:  Escherichia coli (E. coli) is measured in streams to determine the risk of infection and 
disease to people.  Bacteria sources include humans (recreation or failing septic systems), 
wildlife, and agriculture.  On agricultural lands, E. coli generally comes from livestock waste, 
which is deposited directly into waterways or carried to waterways by livestock via runoff and 
soil erosion.  Runoff and soil erosion from agricultural lands can also carry bacteria from other 
sources.     
 
Biological Criteria:  To assess a stream’s ecological health, the community of benthic macro 
invertebrates is sampled and compared to a reference community (community of organisms 
expected to be present in a healthy stream).  If there is a significant difference, the stream is 
listed as water quality limited.  These organisms are important as the basis of the food chain and 
are very sensitive to changes in water quality.  This designation does not always identify the 
specific limiting factor (e.g., sediment, nutrients, or temperature). 
 
Dissolved Oxygen:  Dissolved oxygen criteria depends on a waterbody’s designation as fish 
spawning habitat.  Streams designated as salmon rearing and migration are assumed to have 
resident trout spawning from January 1 – May 15, and those streams designated core cold water 
are assumed to have resident trout spawning January 1 – June 15.  During non-spawning periods, 
the dissolved oxygen criteria depends on a stream’s designation as providing for cold, cool, or 
warm water aquatic life, each defined in OAR 340 Division 41.   
 
Harmful Algal Blooms:  Some species of algae, such as cyanobacteria or blue-green algae, can 
produce toxins or poisons that can cause serious illness or death in pets, livestock, wildlife, and 
humans.  As a result, they are classified as Harmful Algae Blooms.  Several beneficial uses are 
affected by Harmful Algae Blooms:  aesthetics, livestock watering, fishing, water contact 
recreation, and drinking water supply.  The Public Health Department of the Oregon Health 
Authority is the agency responsible for posting warnings and educating the public about Harmful 
Algae Blooms.  Under this program, a variety of partners share information, coordinate efforts 
and communicate with the public.  Once a waterbody is identified as having a harmful algal 
bloom, DEQ is responsible for investigating the causes, identifying sources of pollution, and 
writing a pollution reduction plan. 
 
Mercury:  Mercury occurs naturally and is used in many products.  It enters the environment 
through human activities and from volcanoes, and can be carried long distances by atmospheric 
air currents.  Mercury passes through the food chain readily and has significant public health and 
wildlife impacts from consumption of contaminated fish.  Mercury in water comes from erosion 
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of soil that carries naturally occurring mercury (including erosion from agricultural lands and 
streambanks) and from deposition on land or water from local or global atmospheric sources.  
Mercury bio-accumulates in fish, and if ingested can cause health problems. 
 
Nitrates:  While nitrates occur naturally, the use of synthetic and natural fertilizers can increase 
nitrates in drinking water (ground and surface water).  Applied nitrates that are not taken up by 
plants are readily carried by runoff to streams or infiltrate to ground water.  High nitrate levels in 
drinking water cause a range of human health problems, particularly with infants, the elderly, 
and pregnant and nursing women. 
 
Pesticides:  Agricultural pesticides of concern include substances in current use and substances 
no longer in use but persist in the environment.  Additional agricultural pesticides without 
established standards have also been detected.  On agricultural lands, sediment from soil erosion 
can carry these pesticides to water.  Current use agricultural pesticide applications, mixing-
loading, and disposal activities may also contribute to pesticide detections in surface water.  For 
more information, see at:  http://www.deq.state.or.us/wq/standards/toxics.htm  
 
Phosphorous/Algae/pH/Chlorophyll a:  Excessive algal growth can contribute to high pH and 
low dissolved oxygen.  Native fish need dissolved oxygen for successful spawning and moderate 
pH levels to support physiological processes.  Excessive algal growth can also lead to reduced 
water clarity, aesthetic impairment, and restrictions on water contact recreation.  Warm water 
temperatures, sunlight, high levels of phosphorus, and low flows encourage excessive algal 
growth.  Agricultural activities can contribute to all of these conditions.  
 
Sediment and Turbidity:  Sediment includes fine silt and organic particles suspended in water, 
settled particles, and larger gravel and boulders that move at high flows.  Turbidity is a measure 
of the lack of clarity of water.  Sediment movement and deposition is a natural process, but high 
levels of sediment can degrade fish habitat by filling pools, creating a wider and shallower 
channel, and covering spawning gravels.  Suspended sediment or turbidity in the water can 
physically damage fish and other aquatic life, modify behavior, and increase temperature by 
absorbing incoming solar radiation.  Sediment comes from erosion of streambanks and 
streambeds, agricultural land, forestland, roads, and developed areas.  Sediment particles can 
transport other pollutants, including bacteria, nutrients, pesticides, and toxic substances. 
 
Temperature:  Oregon’s native cold-water aquatic communities, including salmonids, are 
sensitive to water temperature.  Several temperature criteria have been established to protect 
various life stages and fish species.  Many conditions contribute to elevated stream temperatures.  
On agricultural lands, inadequate streamside vegetation, irrigation water withdrawals, warm 
irrigation water return flows, farm ponds, and land management that leads to widened stream 
channels contribute to elevated stream temperatures.  Elevated stream temperatures also 
contribute to excessive algal growth, which leads to low dissolved oxygen levels and high pH 
levels.   
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Appendix D:  Educational and Technical Guidance Information for Natural 
Resource and Farm Management 
 
Soil and Water Conservation Districts (SWCDs) 
Prepares management plans and helps implement them by coordinating with other technical 
experts in natural resources. 
 

Yamhill SWCD 
2200 SW 2nd Street 
McMinnville, OR 97128 
Phone:  (503) 472-1474  Fax:  (503) 472-2459 
www.yamhillswcd.org 
 
Polk SWCD 
580 Main Street, Suite A 
Dallas, OR 97338 
Phone:  (503) 623- 9680 ext. 101  Fax:  (503) 623-3489 
www.polkswcd.org 

 
USDA – Natural Resources Conservation Service (NRCS) 
Provides information on soil types, soils mapping, and interpretation of the Field Office 
Technical Guide. Administers and provides assistance in developing plans for Conservation 
Reserve Program (CRP), Environmental Quality Incentive Program (EQIP), Wetlands Reserve 
Program (WRP), and other cost share programs.  Makes technical determinations on wetlands 
and highly-erodible land. 
 

NRCS Main Office  
1201 NE Lloyd Blvd, Suite 900 
Portland, OR 97232 
Phone: (503) 414-3200  Fax (503) 414-3103 
www.or.nrcs.usda.gov/ 

 
NRCS Yamhill Office 
2200 SW 2nd Street 
McMinnville, OR 97128 
Phone:  (503) 472-1474  ext. 3 
 
NRCS Polk Office 
580 Main Street, Suite A 
Dallas, OR 97338-1911 
Phone:  (503) 623-9680 
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Oregon State University Extension Service 
Offers educational programs, seminars, classes, tours, and publications to guide landowners in 
managing their resources. 
 

OSU Extension Yamhill County Office 
2050 NE Lafayette Street 
McMinnville, OR 97128 
Phone:  (503) 434-7517 
www.extension.oregonstate.edu/yamhill/ 
 
OSU Extension Polk County Office 
289 E Ellendale, Suite 301 
PO Box 640 
Dallas, OR 97338 
Phone:  (503) 623-8395 
www.extension.oregonstate.edu/polk/ 

 
Oregon Department of Agriculture (ODA) 
Oversees the Agricultural Water Quality Management Program, issues permits and helps 
producers comply with confined animal feeding water management programs, provides support 
to Soil and Water Conservation Districts. 
 

ODA Main Office 
635 Capitol St. NE  
Salem, OR 97301-2532 
Phone:  (503) 986-4550  
www.oregon.gov/ODA 
 
Pesticides Program 
Phone:  (503) 986-4635  Fax: (503) 986-4735 
www.oregon.gov/ODA/PEST 
 
Natural Resources Program 
Phone:  (503) 986-4700  Fax: (503) 986-4730 
www.oregon.gov/ODA/NRD 
 
Plant Program (pests, weeds, etc.) 
Nursery & Christmas Trees Program, Phone:  (503) 986-4644 
Plant Pest & Disease Programs, Phone:  (503) 986-4636 
Noxious Weed Control Program, Phone:  (503) 986-4621 
Invasive Species Hotline, Phone:  1-866-INVADER 
www.oregon.gov/ODA/PLANT 
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Department of Environmental Quality (DEQ) 
Responsible for protecting and enhancing Oregon's water and air quality, cleaning up spills and 
releases of hazardous materials, and managing the proper disposal of solid and hazardous wastes.  
Maintains a list of water quality limited streams, sets TMDL allocations. 
 

DEQ Main Office 
811 SW Sixth Avenue 
Portland, OR 97204-1390  
Phone:  (503) 229-5696 or (800) 452-4011  Fax:  (503) 229-6124 
TTY:  (503) 229-6993   
E-mail:  deq.info@deq.state.or.us 
www.deq.state.or.us/ 

 
USDA – Farm Service Agency (FSA) 
Maintains agricultural program records and administers various cost share programs.  Their 
offices also provide up-to-date aerial photography of farm and forestland. 
 

Yamhill County Office 
2200 SW 2nd Street 
McMinnville, OR 97128 
Phone:  (503) 472-1474 ext. 2 
 
Polk County Office 
580 Main Street, Suite D 
Dallas, OR 97338 
Phone:  (503) 623-2396 ext. 2 

 
Department of State Lands (DSL) 
Administers state removal/fill law and provides technical assistance. 
 

DSL Main Office 
775 Summer St. N.E., Suite 100 
Salem, OR 97301-1279 
Phone:  (503) 986-5200  Fax:  (503) 378-4844 
www.oregon.gov/DSL 

 
Oregon Water Resources Department (WRD) 
Provides technical and educational assistance and water rights permits and information. 
 

WRD Main Office 
 725 Summer St. NE, Suite A 
Salem, OR 97301 
Phone:  (503) 986-0900  Fax:  (503) 986-0904 
www.oregon.gov/OWRD 
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Yamhill Basin Council 
Brings diverse interests together to work towards solutions on local natural resource issues.  
Collects environmental data about the watershed and conducts education and volunteer 
programs. 

 
Greater Yamhill Watershed Council  
237 NE Ford Street, Suite 9 
PO Box 1517 
McMinnville, OR 97128 
Phone:  (503) 474-1047  Fax:  (503) 472-2459 
www.yamhillwatershedcouncil.org/ 
 

Yamhill Basin Local Advisory Committee (LAC) 
Voluntary committee composed of twelve agricultural producers in the Yamhill Basin.  Charged 
with developing the agricultural water quality management area plan in accordance with the 
AgWQM Act. 
 

Yamhill SWCD District Manager 
2200 SW 2nd Street 
McMinnville, OR 97128 
Phone:  (503) 472-1474 ext. 3  Fax:  (503) 472-2459 
www.yamhillswcd.org 

 
Oregon Department of Fish and Wildlife (ODFW) 
Works with landowners to balance protection of fish and wildlife with economic, social, and 
recreational needs.  Advises on habitat protection.  Offers technical and educational assistance 
for habitat and restoration projects.  Provides plan review for special property tax assessment for 
wildlife habitat projects. 

 
ODFW Main Office 
3406 Cherry Ave NE 
Salem, OR 97303 
Phone:  (503) 947-6000 
wwworegon.gov/ODFW 
 
ODFW North Willamette Watershed District 
Phone:  (503) 657-2000 
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Oregon Department of Forestry (ODF) 
Technical assistance with State and Federal cost sharing, Oregon property tax programs, Forest 
Resource Trust, forestry practices, and forest management plans. 
 

ODF Main Office 
2600 State Street 
Salem, OR 97310  
Phone:  (503) 945-7200  Fax:  (503) 945-7212  
TTY:  800-437-4490 
www.oregon.gov/ODF 
 
ODF Dallas Office 
Phone:  (503) 623-8146 
 
ODF Forest Grove Office 
Phone:  (503) 357-2191 

 
Yamhill County Government 
Provides information on county zoning and restrictions. 
 

Department of Planning and Development (zoning) 
5265 NE 4th Street 
McMinnville, OR 97128 
Phone: (503) 434-7516  Fax: (503) 434-7544 
E-mail: planning@co.yamhill.or.us 
www.co.yamhill.or.us/planning 
 
Public Works (roads, bridges, culverts, etc.) 
2060 Lafayette Avenue 
McMinnville, OR 97128  
Phone: (503) 434-7515  Fax: (503) 472-4068 
E-mail: phelanj@co.yamhill.or.us 
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Appendix E:  The Conservation Planning Process 
 
The USDA - Natural Resources Conservation Service and the Soil and Water Conservation 
Districts use the following nine-step process to develop a voluntary conservation plan. 
 

1 Identify Problems—Identify resource problems, opportunities, and concerns in the 
planning area. 

 
2 Determine Objectives—Identify, agree on, and document the client's objectives. 

 
3 Inventory Resources—Inventory the natural resources and their condition, and the 

economic and social considerations.  This includes on-site and related off-site conditions. 
 

4 Analyze Resource Data—Analyze the resource information gathered in planning Step 3 
to clearly define the natural resource conditions, along with economic and social issues.  
This includes problems and opportunities. 

 
5 Formulate Alternatives—Formulate alternatives that will achieve the client's objectives, 

solve natural resource problems, and take advantage of opportunities to improve or 
protect resource conditions. 

 
6 Evaluate Alternatives—Evaluate the alternatives to determine their effects in addressing 

the client's objectives and the natural resource problems and opportunities.  Evaluate the 
projected effects on social, economic, and ecological concerns.  Special attention must be 
given to those ecological values protected by law or Executive Order. 

 
7 Make Decisions—The client selects the alternative(s) and works with the planner to 

schedule conservation system and practice implementation.  The planner prepares the 
necessary documentation. 

 
8 Implement the Plan—Implement the selected alternative(s).  The planner provides 

encouragement to the client for continued implementation. 
 

9 Evaluate Plan—Evaluate the effectiveness of the plan as it is implemented and make 
adjustments as needed. 

  



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

91 



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

92 

Appendix F:  Instructions and Guidelines for a Voluntary Conservation Plan 
 
To comply with the Agricultural Water Quality Management Act, a landowner or occupier needs 
to ensure that no violations of the "prevention and control measures" outlined in the 
administrative rules OAR 603-095-0500 through OAR 603-095-0560 occur on their property.  A 
landowner or occupier is NOT required to have a voluntary conservation plan.  The Yamhill and 
Polk SWCDs do; however, promote the conservation planning process as the best method for 
landowners to use to improve the health of their resources and ensure that they are addressing all 
pertinent prevention and control measures. 
 
A landowner who develops a voluntary conservation plan may choose to get it approved by the 
LMA.  If the plan is approved by the LMA and is being followed according to its schedule, it 
affords the landowner or occupier with limited protection from immediate enforcement action 
from ODA should a prevention and control measure be violated on their land.  These guidelines 
and instructions define the elements that must be included in a voluntary conservation plan in 
order for it to be approved by the LMA. 
 
The plan needs to address all of the prevention and control measures written in the Yamhill River 
Basin AgWQM Area Plan and provide an action strategy for the improvement of those resources 
that are a part of the landowner's management objectives.  The signature page (included) must be 
signed by the landowner, resource professional preparing the plan, and the LMA.  
 
Landowners with a voluntary conservation plan that was approved prior to the development of 
this AgWQM Area Plan are encouraged to have it reviewed to ensure that it meets the prevention 
and control measures. 
 
Management Plan Instructions: 
 

1.  Cover Page 
List the landowner's name and address, location of the property described in the plan; the 
name, address, title and phone number of the person completing the plan; and the date the 
plan is completed. 

 
2.  Table of contents 

 
3.  Landowner objectives 

 
4.  Physical site description 

 
5.  Map 

• A map or maps at 8" = 1 mile or larger scale showing: 
• Legend   
• Property boundary 
• Soil types 
• Field divisions and numbers 
• Streams / ponds 
• 303(d) Listed stream segments highlighted 

 



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

93 

6.  Field Inventory Data 
• Soil types 
• Acres 
• Erosion estimates 
• Crops/land use/rotations 
• Livestock enterprises 
• Forage inventories 
• Fertilizer/pesticide information 

 
7.  Conservation Practices 

Provide a narrative that describes how each prevention and control measure (PCM) is 
being addressed on the property.  List the conservation practices that are currently being 
implemented or will be in the future to address the PCMs.  For the plan to be approved, 
practices must meet the NRCS technical guidelines.  Include practice specifications (if 
applicable) and operation and maintenance requirements. 

 
8.  Schedule 

Schedule for the implementation of the conservation practices outlined in the plan. 
 

9.  Other information 
Photos, soil tests, alternatives, or supporting data. 

 
10.  Signature Page (Included) 

 
For additional guidance in developing a voluntary conservation plan, an example template 
and plan is available from the Yamhill Soil and Water Conservation District. 
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Yamhill Basin Voluntary Conservation Plan Signature Page 
 
This voluntary conservation plan describes the existing soil, water, animal, plant, and air 
resources on the property.  It addresses the opportunities for the protection of all natural 
resources while assisting the landowner with meeting his/her objectives for the management of 
the property.  It addresses all of the prevention and control measures written in the Yamhill River 
Basin Agricultural Water Quality Management Area Plan, which are in the categories of: 
 

• Erosion Prevention and Sediment Control 
• Irrigation Management 
• Animal Waste  
• Nutrients  
• Pesticides 
• Chemigated Irrigation Water 
• Roads, Staging Areas, and Farmsteads 
• Streamside Area Management 

 
 
Prepared for:      Prepared by: 
 
 
___________________________________              ___________________________________ 
Landowner's Signature   Date  Resource Professional's Signature     Date 
 
 
 
___________________________________              ___________________________________ 
Landowner's Name   (Please print)    Resource Professional's Name   (Please print) 
 
 
 
 

 
 
Approved by: 
 
 
 
_______________________________________________________________ 
Chair, Yamhill Basin Local Management Agency    Date 
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Appendix G:  Conservation Practices 
 
The following is a list of example agricultural conservation practices according to type of 
operation. 
 
Field and Vegetable Crop Production 
 
Reduce erosion and sediment delivery from agricultural and rural land. 

Example conservation practices: 
• Residue management 
• Grassed waterways 
• Cover cropping 
• Crop rotations 
• Conservation tillage 
• Vegetative buffer strips 
• Straw mulch 
• Jute erosion matting 
• Irrigation scheduling using soil moisture instrumentation 
• Sub-surface drainage - surface inlets and diversions 

 
Limit movement of nutrients and pesticides from agricultural lands to streams. 

Example conservation practices: 
• Vegetative buffer strips 
• Irrigation water management 
• Equipment calibration and maintenance 
• Tailwater management 
• Integrated pest management 
• Proper storage of pesticides, fertilizer, and fuel 

 
Manage and conserve irrigation water. 

Example conservation practices: 
• Irrigation scheduling based on site specific factors that influence crop growth, such as: 

o Evapotranspirational demands (crop type, stage of growth, percent ground shade, 
weather conditions) 

o Soil conditions (percolation rate, water holding capacity) 
o Irrigation system performance (uniformity, efficiency, and application rate) 
o Recent applications of crop nutrients or farm chemicals 

• Irrigation scheduling using: 
o Soil probes 
o Evaporation pans 
o Neutron probes 
o Infrared guns 
o Tensiometers 
o Other soil water monitoring devices 

• Contour cropping 
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Livestock 
 
Ensure proper animal waste storage and utilization or disposal.  

Example conservation practices: 
• Vegetative buffer strips 
• Cover manure piles with a tarp 
• Manure storage and composting structures 
• Waste management—clean water diversions; waste collection, storage, and utilization; 

facilities operation and maintenance 
• Apply manure to cropland at rates that do not exceed agronomic needs for nitrogen and 

phosphorus based on soil and/or tissue tests for the crop to be grown 
• Pasture management/prescribed grazing 

 
Manage livestock access to streams, wetlands, and riparian areas. 

Example conservation practices: 
• Off-stream watering 
• Seasonal grazing 
• Exclusion—temporary or permanent 

 
Nurseries 
 
Reduce erosion and sediment delivery from nurseries. 

Example conservation practices: 
• Use ground cloth and/or gravel in container nurseries as a surface covering 
• Gravel or sod road surfaces and staging areas 
• Designed drainage systems to handle runoff from greenhouse and building roofs 
• Grass ditches, waterways, and buffer strips adjacent to streams and ponds 
• Land leveling 
• Limit irrigation runoff from fields 
• Manage cultivation timing and methods 

 
Manage and conserve irrigation water. 

Example conservation practices: 
• Recycling of irrigation tail water in container nurseries 
• Moisture monitoring to determine field moisture to balance irrigation applications with 

crop needs 
• Monitor and record water use 
• Regular maintenance of irrigation delivery systems for maximum efficiency 
• Utilize cultivation to conserve soil moisture in field operations 

 
Limit movement of nutrients and pesticides from nurseries to streams. 

Example conservation practices: 
• Apply fertilizer based on competent advice and nutrient levels determined by soil and 

tissue analysis 
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• Time fertilizer applications to promote optimum plant utilization and limit leaching 
• Protect water sources from contamination through use of backflow prevention devices 

where fertigation is practiced 
• Restrict irrigation water from leaving the property though irrigation management and 

water recycling 
• Make banded fertilizer application when feasible 
• Calibrate application machinery prior to use 
• Monitor and record application rates 
• Use timed release fertilizers 
• Maintain organic content of soil mixes and fields to hold nutrients for plant utilization 
• Utilize Integrated Pest Management (IPM) practices 
• Scout crops to determine presence of insects and disease 
• Trap to quantify pest populations 
• Establish economic thresholds for various crops 
• Use traps, pheromone disrupters, and beneficial insects as alternatives to chemicals 
• Rotate chemicals used in applications 
• Make application as per label instructions 
• Have trained applicators apply, or supervise the application of, pesticides 
• Calibrate equipment and use equipment suited for specific types of applications (e.g., 

ground, foliar, drench, etc.) 
 
Other nursery management issues. 

Example conservation practices: 
• Recycle nursery wastes and byproducts to restrict their impact on the environment: 

o Empty chemical containers 
o Plant tissue and residues (through composting) 
o Paper products 
o Plastic products—poly, pots, and flats 
o Metal, glass, wood tires, and oils 

• Cover cropping to reduce erosion, build organic matter, provide habitat for beneficial 
insects and wildlife, and control weeds 

• Fish screening at pump intakes to protect small fish and other aquatic life 
• Control of noxious weeds to prevent degradation of protective native vegetation near 

riparian areas 
• Set aside less productive land for conservation and wildlife habitat enhancement 

 
Streamside Areas 
 
Protect and/or restore ecological functions in riparian and wetland areas to improve 
watershed health. 

Example conservation practices: 
• Control of undesirable vegetation 
• Planting native trees and shrubs 
• Allowing snags (dead trees) to remain standing unless safety factors indicate otherwise   
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• Allowing fallen trees to remain on the ground or in the stream unless removal is essential 
for traffic, navigation, or serious flooding reasons 

 
Reduce erosion and sedimentation and provide filtering and buffering characteristics. 

Example conservation practices: 
• Manage buffer zones 
• Grassed waterways 
• Stream bank protection 
 

Allow marginally productive or poorly drained lands in floodplains to revert to riparian or 
wetland status. 
 
Vineyards, Berries, Orchards 
 
Reduce erosion and sediment delivery. 

Example conservation practices: 
• Annual and perennial cover crops 
• Conservation tillage 
• Strip cropping 
• High density tree cropping 
• Straw mulch 
• Catch basins 
• Grassed waterways 
• Vegetative filter strips 
• Straw bales 

 
Limit over application of pesticides and nutrients. 

Example conservation practices: 
• Mechanical weed control 
• Apply herbicide under the vine row or spot treat weeds 
• Adopt methods to monitor disease and pest pressure 
• Apply insecticides only at label recommended rates 
• Rotate pest control methods to reduce development of resistance 
• Encourage an open canopy – reduces disease pressure, improves spray penetration and 

fruit quality 
• Encourage use of new, low impact products 
• Apply nutrients when there is a maximum uptake by the crop 
• Use organic nutrient sources 
• Apply fertilizer based on competent advice and nutrient levels determined by soil and 

tissue tests 
• Recycle all organic matter 

 
Manage and conserve irrigation water. 

Example conservation practices: 
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• Limit irrigation to young vineyards, shallow soils, or drought conditions 
• Use water sensing devices or physiological indicators to help schedule water applications 

 
Encourage botanical diversity within and around the borders of the vineyard to provide 
favorable habitat for beneficial insects. 

Example conservation practices: 
• Alternate mowing (the oldest interrow is mowed when the youngest interrow begins 

flowering) 
• Botanical diversity in cover 

 
Other Management Areas – Roads, Staging Areas, and Farmsteads  
 
There are other land uses associated with agriculture that do not fall under a specific type of 
operation, such as access roads and staging areas.  Several conservation practices may be 
applicable to these areas.  
 
Minimize soil erosion from access roads. 

Example conservation practices: 
• Encourage landowners to cooperate with county or state roads departments to implement 

roadside management practices 
• Plant and maintain grass cover where appropriate 
• Appropriate culvert construction and design 
• Water bars 
• Grading roads 
 

Manage runoff and contaminants in the farmstead area. 
 

  



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

101 

 



 
 

Yamhill Agricultural Water Quality Management Area Plan  November 19, 2013 
        

102 

Appendix H: Public Funding Sources for Landowner Assistance  
 
The following is a list of some conservation funding programs available to landowners and 
organizations in Oregon.  For more information, please refer to the contact agencies for each 
program.  Additional programs may become available after the publication of this document.  
For more current information, please contact one of the organizations listed below. 
 
Program General Description Contact 
Conservation Planning and 
Implementation Grants 

Provides grants to SWCDs and to 
landowners for on-the-ground 
conservation projects. 

SWCDs, ODA 

Conservation Reserve 
Enhancement Program 
(CREP) 

Provides annual rent to landowners 
who enroll agricultural lands along 
fish-bearing streams.  Also cost-
shares conservation practices, such 
as riparian tree planting, livestock 
watering facilities, and riparian 
fencing. 

NRCS, SWCDs, Oregon 
Department of Forestry 

Conservation Reserve 
Program (CRP) 

Competitive CRP provides annual 
rent to landowners who enroll 
highly erodible lands.  Continuous 
CRP provides annual rent to 
landowners who enroll agricultural 
lands along seasonal or perennial 
streams.  Also cost-shares 
conservation practices such as 
riparian plantings. 

NRCS, SWCDs 

Emergency Watershed 
Protection Program (EWP) 

Available through the USDA-
Natural Resources Conservation 
Service.  Provides federal funds for 
emergency protection measures to 
safeguard lives and property from 
floods and the products of erosion 
created by natural disasters that 
cause a sudden impairment to a 
watershed. 

NRCS, SWCDs 
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Program General Description Contact 
Environmental Protection 
Agency Section 319 Grants 

Fund projects that improve 
watershed functions and 
protect the quality of 
surface and groundwater, 
including restoration and 
education projects. 

DEQ, SWCDs, Watershed 
Councils 

Environmental Quality 
Incentives Program (EQIP) 

Cost-shares water quality 
and wildlife habitat 
improvement activities, 
including conservation 
tillage, nutrient and manure 
management, fish habitat 
improvements, and riparian 
plantings. 

NRCS, SWCDs 

Federal Reforestation Tax 
Credit 

Provides federal tax credit 
as incentive to plant trees. 

Internal Revenue Service 

Forest Land Enhancement 
Program (FLEP) 
 

Provides educational, 
technical, and cost-share 
assistance for several forest 
stand improvement 
practices. 

NRCS, SWCDs, Oregon 
Department of Forestry 

Forest Resource Trust State assistance up to 100 
percent of the costs to 
convert non-stocked 
forestland to timber stands.  
Available to non-industrial 
private landowners. 

Oregon Department of 
Forestry 

Oregon Watershed 
Enhancement Board 
(OWEB) 

Provides grants for a variety 
of restoration, assessment, 
monitoring, and education 
projects, as well as 
watershed council staff 
support.  25% local match 
requirement on all grants. 

SWCDs, Watershed 
Councils, Oregon 
Watershed Enhancement 
Board 

Oregon Watershed 
Enhancement Board Small 
Grant Program  

Provides grants up to 
$10,000 for priority 
watershed enhancement 
projects identified by local 
focus group. 

SWCDs, Watershed 
Councils, Oregon 
Watershed Enhancement 
Board 
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Program General Description Contact 
Partners for Wildlife 
Program 

Provides financial and 
technical assistance to 
private and non-federal 
landowners to restore and 
improve wetlands, riparian 
areas, and upland habitats in 
partnership with the U.S. 
Fish and Wildlife Service 
and other cooperating 
groups. 

U.S. Fish and Wildlife 
Service, NRCS, SWCDs 

Public Law 566 Watershed 
Program 

Program available to state 
agencies and other eligible 
organizations for planning 
and implementing 
watershed improvement and 
management projects.  
Projects should reduce 
erosion, siltation, and 
flooding; provide for 
agricultural water 
management; or improve 
fish and wildlife resources. 

NRCS, SWCDs 

Resource Conservation & 
Development (RC & D) 
Grants 

Provides assistance to 
organizations within RC & 
D areas in accessing and 
managing grants. 

Resource Conservation and 
Development 

State Forestation Tax Credit Provides for reforestation of 
under-productive forestland 
not covered under the 
Oregon Forest Practices 
Act.  Situations include 
brush and pasture 
conversions, fire damage 
areas, and insect and 
disease areas. 

Oregon Department of 
Forestry 

State Tax Credit for Fish 
Habitat Improvements 

Provides tax credit for part 
of the costs of voluntary 
fish habitat improvements 
and required fish screening 
devices. 

Oregon Department of Fish 
and Wildlife 
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Program General Description Contact 
Stewardship Incentive 
Program (SIP) 

Cost-sharing program for 
landowners to protect and 
enhance forest resources.  
Eligible practices include 
tree planting, site 
preparation, pre-commercial 
thinning, and wildlife 
habitat improvements. 

NRCS, SWCDs, Oregon 
Department of Forestry 

Wetlands Reserve Program 
(WRP) 

Provides cost-sharing to 
landowners who restore 
wetlands on agricultural 
lands. 

NRCS, SWCDs 

Wildlife Habitat Tax 
Deferral Program 

Maintains farm or forestry 
deferral for landowners who 
develop a wildlife 
management plan with the 
approval of the Oregon 
Department of Fish and 
Wildlife. 

Oregon Department of Fish 
and Wildlife, NRCS, 
SWCDs 
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