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SUBJECT: Estimated Economic Impact Analysis Dueto Failure of the Transportation
Infrastructurein the Event of a 9.0 Cascadia Subduction Zone Earthquake

OVERVIEW

A major seismic event will significantly impact ti¥egon economy immediately after and in the longer
run. Results of this analysis indicate strengthgmiorridors before a major seismic event will erahke
state to avoid a significant amount of economisId%is analysis evaluated four alternative scesan
order to gain a sense of the potential loss inyectdn activity we could expect due to the damagghé
transportation system after a major seismic ev&r scenarios representing seismic preparation and
repair demonstrate the value added (impacts avptddtie Oregon economy. Significant economic
losses in production activity can be avoided byprang for a major earthquake ahead of time. Wath n
preparation ahead of time, Oregon could lose §8&b billion in gross state product in the 8 toyg@r
period after the event. Proactive investment iddg®istrengthening and landslide mitigation reddlecrss
loss between 10% and 24% over the course of the pégars simulated for this analystsgure 1
presents the estimated cost of the preventive seigsork along side the economic benefits, as measur
by avoided loss of state production activity. TiHgsults in a benefit-cost ratio of 46 for the &aismic
program.

Figurel.
Stage 1 Stage 2 | Stage 3| 100%
Proportion of Total Cost 47% 35% 17%
Total Program Budget = $1.8 Billion
Proportion of Total Stage 1 Stage 2 Stage 3 100%
Economic L oss Avoided 42% 24% 34%

Total Economic Losses Avoided = $84 Billion
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Real World Experience

Major events, such as a 9.0 Cascadia subductiom eanhquake, significantly impact an economy
beyond short term emergency management issuesiabexeent case studies from Japan, Turkey and
New Zealand reveal a predictable pattern of econalisruption Generally speaking, the patterns are as
follows:
* Very large proportion of small to medium sized firfail the first few months after a major
earthquake
* Firms attempt to adapt to post-event conditionm&intain business activity:
0 Maintain access to selling markets by choosing reeMes and modes if necessary;
0 Maintain access to production inputs by using fiabte to provide what is needed, if local
firms are unavailable, shift to next best supplier;
0 Maintain access to workers;
0 Relocate firm if access to necessary resourcesaasrained for a period long enough to
threaten the firm’s position in the competitive Redr
o Once a firm relocates, there is little incentive¢turn to the previous location. Small and
medium firms supporting production activity areelik to relocate near the new location
area as well.

Every industry has a unique mix of production dtgiMogistical needs, and market presence driviregr
business decisions. The long range impact of ntgorage to transportation infrastructure has the
potential to significantly alter the industrial nok an area. In turn, such changes will alter the
characteristics of the economy, such as wages |gigugrowth and land use.

Oregon Interpretation

Analysis conducted using the Statewide Integratedéllsuggests the impacts of a major seismic event
results in significant reduction in production &t for the western region of the state. Thigdst
evaluated four scenarios representing multipleestag strengthening corridors to withstand the ictpa

of a seismic event. The effects of a seismic eatat a three staged pre-emptive program is imphteake
are compared to the effects of the event withoisisie strengthening. The difference in the impact o
production activity represented in the statewidelet@nabled the estimation of the avoided economic
losses to Gross State Product (GSP).

! Small business failure/Port of Kobe losing dempednanently:
http://www.rms.com/publications/KobeRetro.ptdbss of small businesses, skilled labor fligihtffiloss

in Turkey (under Economic and Business Losses@®cti
http://www?2.ce.metu.edu.tr/~ce467/DOWNLOADS/erdiK.pAssociation of Bay Area Governments on
Turkey quakehttp://quake.abag.ca.gov/wp-content/documents/Whikel.pdf; Tourism loss in
Christchurch, area cordoned off from workers (50;0fbs relocated/lost):
http://mceer.buffalo.edu/quakesummit2011/prograsgentations/00-Thursday%20Plenary d-Peek.pdf
Population flight in Christchurch: ):
http://mceer.buffalo.edu/quakesummit2011/prograsgentations/00-Thursday%20Plenary d-Peek.pdf
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Conducting seismic strengthening before the evecuiirs enables Oregon to avoid significant economic
loss as measured by GSP alone. The losses avarelétger than the cost of the repair programs,
resulting in a good return on the investment. Paldrly at risk of impacts to production is the Qua
manufacturing sector, since this industry is expagnted and depends heavily on the transportation
system to get goods to market and maintain acoe$s® tfactors of production.

Table 1 describes the manufacturing industry by firm sind employment. Given patterns observed in
areas hit by major earthquakes in recent historgg@n’s manufacturing industry has the potentidbse
a large proportion of firms and jobs in the firglay, since small and medium firms are the moshyite
fail shortly after a major event. This increasesltkelihood of dependent firms relocating to areas
unaffected by the earthquake. Repair and strengtherf the system before the seismic event willicsd
the rate of firm failure, mitigating the econommspacts in the short and long run.

Table 1. Manufacturing Sector, First Quarter 2011, Statewide
Number of Firms by Size and Employment (in thousands)
% of 1to 19 |20to249| 250+
State |NAICS 31-33 Manufacturing workers | workers | workers | TOTAL
5% |Establishments 4,062 1,108 98 5,268
% of sector establishments 77 21 2 100
13% [Employment 21,086 70,561 76,604] 168,251
% of sector employment 13 42 46 100
% of sector wages 6 29 65 100
Source: Oregon Employment Department

It is important to note that the impacts reportethis analysis are likely to be lower than anttgul

impacts occurring after a major earthquake. Theayao relationship between the transportation system
support of everyday households and business agtasgtommodating emergency services and rebuilding
Oregon in the wake of such a devastating evenvasepartially accounted for in this analysis. kull
accounting for all the impacts to infrastructurel &éime interactions of the resulting failures regsimuch
more detailed analysis, involvement from expertotber subject areas, and refined assumptions
regarding the magnitude of the earthquake, sysédords, repair and recovery, etc. This analyslg o
evaluates impacts and failures on the highway pamation infrastructure.
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TECHNICAL ANALYSIS

The purpose of this analysis is to provide higtelestimates of avoidable economic impacts cauged b
damage to the transportation system from a majense event (a 9.0 Cascadia Subduction Zone
Earthquake, where the fault breaks along the estibeluction zone — a worst case earthquake scgnario
Four alternative scenarios were used to evaluataripacts of pre-emptive mitigation. This analysées
prepared for the ODOT Bridge Engineering Sectionictvis evaluating risks and identifying strategies
mitigate seismic vulnerabilities of the state higlywsystem. The scenario approach was designed to
provide a general sense of the magnitude and gireof avoidable economic impacts to Oregon from
damage occurring on the highway/street transportaystem alone (non-transportation losses were not
accounted for). This analysis focuses on the wegtertion of the state, defined as the area tovi of
the Oregon Cascade Range.

M ethodology

The analysis was conducted using the Oregon Stageliegrated Model (SWIM). SWIM is a state-of-
the-art model that integrates the Oregon econoamg Use and transportation system into one dynamic
interactive environment. This model design charazge the synergies between these three major
components of Oregon’s economic activity.

Only the roadway network was altered for the madisleenarios. Corridors expected to experience
damage from a major seismic event were represasté@iling.” The points of failure were identifidgy
the ODOT Bridge Engineering Section for high-usgesbwned facilities. For lower use corridors and
non-state owned facilities in the SWIM network,aadjnt parallel routes within these corridors nedded
be altered to maintain consistency in network cgdimherefore, the full network was reviewed and
altered for consistency. Nearby facilities with Banproximity and characteristics of those ideetifto
fail were represented to fail in the same manner.

Representing loss of commercial buildings or hogisitamage to utilities, other damage or loss ef lif
resulting from an earthquake was outside the saogepurposes of this analysis. This analysis was t
determine the isolated impacts of the failure eftilansportation system, not to create an estiofdtee
overall economic impact of a major seismic eveMib. changes were made to the regional forecast of
economic activity by industry sector. The purpokths analysis is to evaluate the effects of impdo
transportation on economic activity separatelyyiafpam the other economic responses to a seismic
event to the Oregon system. Because the interaodtween land use, the economy and the transpmortati
system is dynamic, the modeling results provide@dgestimate of the magnitude and direction of the
effects of the seismic reinforcement to Oregon@eeny. Changes in spatial location of economic
activity resulting in the transportation limitat®mwere evaluated. The model acuity is very informeaht
a regional level. Regional aggregation of modetegpults provides reliable indication of the relati
economic impacts of preparing the transportatidragtructure for a seismic event.

Economic impacts were measured by evaluating theeehrautput values for industry production activity,
employment and population. The model outcomes doapresent the full economic impacts from
seismic event, but this is appropriate given thentional design of the scenarios to separatentipact of
transportation system damage from the other effastsvell as identify the differences between the
alternative levels of investment.

2 Further information on SWIM is available onlineréehttp://www.oregon.qgov/ODOT/TD/TP/pages/statewidexas
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Caveats

The results presented in this memo derive from thgia@al scenarios where only highways and adjacent
local routes fail and all other infrastructure ¢one to operate as if no earthquake occurred. hhab/sis

is designed to provide a general sense of high-leygacts avoided if proactive measures for the
highway infrastructure were taken. Given that thalgsis focused only on transportation infrastreestu

and did not account for loss of commercial buildirng housing, damage to utilities, other damagé&ss

of life, these estimates are likely lower than wivauld actually occur when such a disruptive event
occurs. A larger analysis effort is required toaect for the impacts to people, infrastructure, and
businesses that a 9.0 earthquake would c#liseonsideration and use of the analysis results must

reflect this context.

This analysis does not account for:
* loss of life and injuries,
* loss of worker productivity as an input to industiproduction,
* savings from improved emergency service accedsibili
» shifts of resources to provision of basic needsises,
» shifts of resources to re-construction from otineluistries,
* loss in productivity due to lost capital, floor spaequipment, utilities and commodity flows,
* damage to and failure of dams,
* loss of electricity, water, telephone (cell andddines), natural gas, and fuel pipeline

It is important to note that true complete isolati® not represented in the model run, SWIM wilt nm

if this were the case; in order to mimic conditiafiter a large event like this, damaged segments we
assigned a new speed of 1 mph or a fixed trave tfrup to a day to represent the difficulty ofssing

the damaged segment. This is a reasonable simukapieroach for aggregate analysis. Focused analysis
would require specific locations be evaluated ikl solutions, such as floating bridges, ferriasd

other countermeasures taken at each closure pdiith is far beyond the scope of this analysis.

A sophisticated tool such as SWIM is designed tautate the interactive nature of the economy,
population, households, industry location, freigidvement, access to skilled workers, spatial
relationships and the transportation system thabects them all together. To fully assess the eanino
impacts of an earthquake of this magnitude, theufea bulleted above should be accounted for in the
modeling specifications. The work completed fosthanalysis endeavors to isolate and estimate the
avoidable economic impacts solely due to the logstention of sections of the highway system. M/hi
these scenarios are strictly hypothetical, theyipiea broad sense of the benefit of investing $eiamic
mitigation program and are appropriate for the jardeing addressed.

Description of Scenario Alter natives Evaluated

The Bridge Engineering Section provided TPAU witlistiof bridges and highway sections that “fail”
after a major seismic event. For each scenarigt aflbridges repaired and opened was providethbéy
Bridge Section for five years after the seismicrévRepair schedules for lower functional classisoaot
identified by the Bridge Section were generated BAU to be consistent with the state repair schedul
The model simulation includes eight years, begigniith the seismic event (year 0), five years ghie
activity (years 1-5) and two years of continuedrexuic activity (years 6-7) with a fully functioning
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highway system.All highway sections in the model were assumebet@pen and operating as usual
within five years. Thus, network characteristicsd@led were the same for all scenarios for yearsd67a

Reference Scenario: This is the baseline comparison scenario withesurhighway conditions, no
earthquake or major shocks to the transportatitwark, and economic growth consistent with
current forecasts for the state for eight years.

Major Seismic Event: This scenario represents highway conditions aft@10 subduction zone
earthquake occurs. This scenario serves as a letpathworst-case example representing the greatest
level of highway damage. The scenario represeptighof state-owned bridges and sections of
highway that “fail” and “repairs” them accordingado estimated schedule provided by the Bridge
Section.

In order to produce a modeled scenario with coasigtost-earthquake routing, multiple lower
functional class state highways and non-state-owoads were coded to “fail”. Many of these
bridges are off the state system, but includetiénSWIM network. Thus, they were not specifically
identified by the Bridge Section to fail. For exdm@R 20 to the coast was identified to fail, QR
34 was not (because it is a lower function roadprder to represent consistent effects from a majo
earthquake, OR 34 was coded to fail as well. Wdl lower functional class roads and off-system
roads were coded to be rebuilt within 5 years toai@ consistent with the state facility assumptions

The sections of highways affected by failures Hwstrated inFigure 2. The roadway network is

color coded to illustrate when corridors would bpaired and returned to pre-earthquake conditions.
The time of completion ranges from 1 to 5 ye&igure 3 provides further illustration of the duration
of area isolation due to damaged roads and bridgeas coded with the lightest color regain access
to the highway system within one year, where th&ekt red areas remain isolated for the full five
year repair period. Isolation and damage due ®dbpower, water, building collapses, fire andeoth
causes are not includedHngur e 3 or this analysis. Isolation means severely lim{galy(s) of travel)
access to markets for the local economy, causitay die economic recovery.

% The original intent was to run eleven years ireorih evaluate a five year period post repairsrtter to meet the analysis
schedule, the simulation period was reduced totgigdws. The objective of determining at which peire economy would
recover to normal levels was not met given thetsn@imulation period, but no other findings arfeetied by the shorter
simulation period.
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Figure 2. Failuresand Repair Schedule: Major Seismic Event
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Figure 3. Isolated Zones and Repair Phasing: Major Seismic Event Scenarios
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A seismic retrofitting, rockfall and landslide sil&ation program budget was provided for three
separate stages. Scenarios were designed to cépuetiects of the individual stages in order &ing
a sense of the economic benefits associated with gage.

Stage 1: This scenario represents conditions after a Q@dwsetion zone earthquake, given the
completion of seismic fortification for corridordantified stage 1Figure 4 illustrates the repair
completion schedule and isolation timelines fos $genario. This scenario is represented in SWIM
in the same manner as the Major Seismic Event scetiae only difference is the presence of
reinforced bridges and landslide/rockfall mitigatitnrough a seismic improvement program. This
program enables Oregon to avoid major earthquakegda to several key corridors, allowing faster
and larger scale access to emergency servicesupplies necessary to rebuild, as well as accelgrate
repair damaged sections of the transportation syste

Sages 1 & 2 Scenario: This scenario represents investing at the Stdgeel and adding Stage 2
improvements, as illustrated fgure 5. This figure also reports the level of isolationdgographical
location associated with this level of investment.

Full Seismic Program (Stages 1, 2, & 3): This scenario is the levahgéstment for all three stages of

the program, as illustrated Figure 6. This figure also reports the level of isolationdeographical
location associated with the full seismic program.
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Figure4. Isolated Zones and Repair Phasing: Stage 1 Scenario
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Figure5. Isolated Zones and Repair Phasing: Stage 1 and 2 Scenario
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Figure6. Isolated Zones and Repair Phasing: Full Seismic Program Scenario (Stages 1, 2, & 3)
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Findings

Western Oregon Impacts

Western Oregon would be significantly affected byaor seismic event. This region of the state
generates over eighty percent of the statewidesGstate Product (GSP). In order to gain a generaes
of the economic impacts avoided by strengtheninfp@highway system before the major event occurs,
SWIM was used to produce estimates of the valweroiding reductions to state production levelssThi
is an appropriate reporting approach because SWilliguts for production activity closely relate to &S

The US Bureau of Economic Analysis reported Oreg@¥11 Gross State Product (GSP) as $194,700
million. Table 2 presents the western region share of GSP, indutie shares for four sub-regions of the
state using results from SWIM. This informatioruged as the basis for forecasting the state GStRior
analysis. Assuming the Oregon economy has slowtfawer the next ten years (1.5% annually) and
the western region’s share of GSP remains at 883#F, G estimated for the years modeled for this
analysis and presentedTable 3. The modeled year of the earthquake is 2014. Taestairly
conservative economic assumptions for growth thathe altered to represent more refined economic
forecast for the state if desired. However, thesenates are sufficient in order to gain a gengeake of
the benefits associated with the seismic progrdative to no preliminary preparations.

Table 2. Regional Share of Oregon
Gross State Product 2011 (millions)

State GSP 2011 $ 194,700
Coast Share (6%) $ 11,700
Greater Portland Metro (46%) $ 89,600
Mid-Willamette Valley (24%) $ 46,730
$
$

Southern Valley (10%) 19,500

Western Region share (86%) 167,400
Table 3. Percent Reduction in Production
Activity Relative to Reference Scenario

Scenario
Year After Seismic
Event Event Tier 1 Tier 2 Tier 3
1 38 32 31 27
2 31 28 27 23
3 29 28 24 21
4 26 26 20 17
5 24 23 19 17
6 22 18 20 20
7 22 18 21 21

* Generalized growth rate based on DAS OEA forecast:
http://www.oregon.qov/DAS/OEA/pages/economic.aspegimrecent forecastovember 20, 2012
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Table 4. Estimated Reduction in Economic
Activity Relative to Reference Scenario
(2011 dollars, millions)
Scenario
Year After Seismic
Event Event Tier 1 Tier 2 Tier 3
1 67,500 56,900 55,100 48,000
2 55,900 50,500 48,700 41,500
3 53,100 51,300 43,900 38,500
4 48,300 48,300 37,200 31,600
5 45,300 43,400 35,800 32,100
6 42,100 34,500 38,300 38,300
7 42,700 35,000 40,800 40,800
TOTAL] 354,900 319,900 299,800 270,800

Table 4 provides the modeled year-to-year reduction irdpeotion activity for the western region of the
state for the four alternative scenarios. The valuest production activity under each scenario is
estimated using the information presentedables 3 and 4. The results are compared side-by-side and
presented iTable 5. Over the course of the modeled years, the giteatesto production activity occurs
under the Major Seismic Event scenario. The seigmpcovement program reduces these losses by
billions of dollars.

Table 5. Estimated Reduction in Economic Activity
Relative to Reference Scenario
(2011 dollars, millions)
Scenario
Year After Seismic

Event Event Stage 1 | Stage 1&2 | Full Program
1 67,500 56,900 55,100 48,000
2 55,900 50,500 48,700 41,500
3 53,100 51,300 43,900 38,500
4 48,300 48,300 37,200 31,600
5 45,300 43,400 35,800 32,100
6 42,100 34,500 38,300 38,300
7 42,700 35,000 40,800 40,800
TOTAL] 354,900 319,900 299,800 270,800

Table 6 presents the dollar value of the avoided GSP temfuby scenario for the first three full years of
recovery followed by the last four years. The fttsee years of construction for the different stag
scenarios provide more than half of the economimefieover the course of the eight year recovery
modeled. This demonstrates how important a spesgtyer is to the economy of Oregon.
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(2011 dollars, millions)

Table 6. Avoided Reduction in Production Activity by Scenario

Scenario
Seismic Event Stagel Stage 1&2 | Full Program
First Three Years Loss 176,500 158,700 147,700 128,000
Loss Avoided 17,800 28,800 48,500
Last Four Years Loss 178,400 161,200 152,100 142,800
Loss Avoided 17,200 26,300 35,600
TOTAL AVOIDED LOSS 35,000 55,100 84,100

Economic Impacts by Region

For this analysis, western Oregon was divided sateeral sub-regiong&igure 7 illustrates the sub-

regions used for this analysis:

* The Coast (split into five parts)

* The Metro Area (Portland)

* The Mid-Willamette Valley (MWV) including Salem, @allis and Eugene; and
* The Southern Valley area (SV) including the ara#lsof Eugene and north of California,
bordered by the Cascade and Coastal mountain ranges

Newport -
Florence

Northern

Coast

Tillamook -
Newport

Florence -
Coos Bay |

Southern
Coast

Table 7 provides a brief summary of the economic impaatsegional production activity for all four
seismic scenarios relative to the reference scenfine western region of Oregon generates about@6%
the total statewide production activity. The Cobstgion represents 6% of statewide productiorvayfi
Portland Metro 46%, Mid-Willamette Valley 24% argktSouthern Valley 10%. Additional details

Figure7. Areasof Analysis

Metro

Mid-Willamette
Valley

Southern
Valley Area

discussed in the following text are providedliable 8 at the end of this report.
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Table 7. Percent Reduction in Economic Production With Respect to Reference Scenario
Seismic Event Stage 1 Stage 1&2 Full Program

Region
(percent share of state) Yrl Yr3 Yr7 Yrl Yr3 Yr7 Yrl Yr3 Yr7 Yrl Yr 3 Yr7
Coast Total (6) 63 49 11 53 38 10 49 30 11 34 24 11
Portland Metro (46) 32 25 28 28 26 21 26 24 26 25 21 26
Mid-Willamette Valley (24) 38 26 16 34 24 15 33 23 16 25 22 14
Southern Valley (10) 49 37 12 39 33 11 42 30 11 39 24 11

Western Total (86) 38 29 22 32 28 18 31 24 21 27 21 21

Oregon Coast

Under the Major Seismic Event scenario, the Oregiast economy is significantly impacted, with
production initially dropping over 60% and employmever 70%. Within a couple of years the economy
continues to perform at a significantly lower lewath 49% less production activity than forecastha
reference scenario and employment 63% lower. Bytlieof the seventh year after the seismic event,
production activity recovers to a level 11% lowart the reference scenario and employment 10% lower

Initial impacts along the coast vary among subemesgji with the largest drop in production activitytihe
southern coast section (71% drop) and the smaltegtin the Newport to Florence section (55% drop).
The effects on employment range between an 81%tiedun the southern coast to a 66% reduction in
the Newport to Florence section.

The three stage scenarios reduce the impact aieibenic event. The Stage 1 initial drop in produrcti
activity is 73%, Stage 1&2 is 50% and the Full RPamg is 37%. The Stage 1 initial drop in employment
is 64%, Stage 1&2 is 59% and the Full Program % A@/ithin a couple of years the economy continues
to perform at a lower level, production activity fetage 1 is 38% less, Stage 1&2 is 30% less and th
Full Program is 24% less than the reference saenamployment for Stage 1 is 51% less, Stage 1&2 is
42% less, and the Full Program is 35% less. Byetiteof the seventh year after the seismic event,
production activity recovers to a level 10% lower $tage 1 and 11% lower for Stage 1&2 and the Full
Program. Employment levels are 10% lower for ak¢hscenarios.

Portland Metro

The Portland Metro economy is significantly impactender the Major Seismic Event scenario, with
production initially dropping by about 32% and eoyhent about 24%. Within a couple of years the
economy continues to perform at a significantlyéovevel with 25% less production activity than
forecast in the reference scenario and employm@dit lbwer. By the end of the seventh year after the
seismic event, production activity is 28% lowernttarecast and employment 20% lower.

The three stage scenarios reduce the impact aieibenic event. The Stage 1 initial drop in prodarcti
activity is 28%, Stage 1&2 is 26% and the Full RPamg is 25%. The Stage 1 initial drop in employment
is 14%, Stage 1&2 is 9% and the Full Program is @fithin a couple of years the economy continues to
perform at a lower level, production activity faia§e 1 is 26% less, Stage 1&2 is 24% less andulie F
Program is 21% less than the reference scenaripldgment for Stage 1 is 9%, Stage 1&2 is 10% and
the Full Program is 10% less. By the end of thees#vyear after the seismic event, production agtiv
recovers to a level 21% lower for Stage 1 and 26#et for Stage 1&2 and the Full Program.
Employment levels are 15% lower for Stage 1 and I&®&&r for Stage 1&2 and the Full Program.
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Mid-Willamette Valley

Under the Major Seismic Event scenario, the Midtsitilette Valley is significantly impacted, with
production initially dropping 38% and employmen®@2Nithin a couple of years the economy continues
to perform at a significantly lower level with 28%ss production activity than forecast in the refee
scenario and employment 24% lower. By the beginnirthe eighth year after the seismic event,
production activity recovers to a level 16% loweart the reference scenario and employment 14% lower

The three stage scenarios reduce the impact aieienic event. The Stage 1 initial drop in produrcti
activity is 34%, Stage 1&2 is 33% and the Full Pamg is 25%. The Stage 1 initial drop in employment
is 31%, Stage 1&2 is 30% and the Full Program % 2@/ithin a couple of years the economy continues
to perform at a lower level, production activity fetage 1 is 24% less, Stage 1&2 is 23% less and th
Full Program is 22% less than the reference saenamployment for Stage 1 is 23%, Stage 1&2 is 21%
and the Full Program is 20% less. By the end oktheenth year after the seismic event, production
activity recovers to a level 15% lower for Stagd.6% lower for Stage 1&2 and 14% lower for the Full
Program. Employment levels are 13% lower for Staged the Full Program, 11% lower for the Stage
1&2 scenario.

Southern Valley

Under the Major Seismic Scenario, the Southerneyal significantly impacted, with production

initially dropping 49% and employment 56%. Withic@uple of years the economy continues to perform
at a significantly lower level with 37% less protan activity than forecast in the reference scenand
employment 50% lower. By the end of the seventhn géar the seismic event, production activity and
employment recover to a level 12% lower than theremce scenario.

The three stage scenarios reduce the impact aieibenic event. The Stage 1 initial drop in produrcti
activity is 39%, Stage 1&2 is 42% and the Full Pawg is 39%. The Stage 1 initial drop in employment
is 52%, Stage 1&2 is 54% and the Full Program % 48/ithin a couple of years the economy continues
to perform at a lower level, production activity fetage 1 is 33% less, Stage 1&2 is 30% less and th
Full Program is 24% less than the reference scenamployment for Stage 1 is 45%, Stage 1&2 is 43%
and the Full Program is 39% less. By the end oktheenth year after the seismic event, production
activity recovers to a level 11% lower for all tarstage scenarios and employment levels are 12%r low
for Stage 1 and 10% lower for Stage 1&2 and thé Fagram.
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Region of Western Oregon, Scenario and Year After Seismic Event

Table 8. Estimated Percent Reduction in Production, Employment and Population Relative to Reference Scenario by

PRODUCTION ACTIVITY

Coast: Coast: Coast; Greater Mid-
Region North | Tillamook- | Newportto | Florenceto | South | Coast || Portland | Willamette | Southern | Western
Scenario Coast Newport Florence Coos Bay Coast | Total Metro Valley Valley Total
Yrl 58 61 55 67 71 63 32 38 49 38
Seismic Yr3 31 50 46 58 64 49 25 26 37 29
Event Yr7 9 8 11 16 7 11 28 16 12 22
Yrl 48 49 52 46 73 53 28 34 39 32
Yr3 28 44 40 40 41 38 26 24 33 28
Stage 1 Yr 7 9 6 9 16 8 10 21 15 11 18
Yrl 43 52 54 48 50 49 26 33 42 31
Yr3 21 34 29 38 29 30 24 23 30 24
Stage 1&2 Yr7 9 8 11 16 8 11 26 16 11 21
Yrl 19 46 30 43 37 34 25 25 39 27
Full Yr3 14 25 25 33 24 24 21 22 24 21
Program Yr7 9 7 11 16 8 11 26 14 11 21
EMPLOYMENT
Coast: Coast: Coast; Greater Mid-
Region North | Tillamook- | Newportto | Floranceto | South | Coast || Portland | Willamette | Southern | Western
Scenario Coast Newport Florence Coos Bay Coast | Total Metro Valley Valley Total
Yrl 67 74 66 78 81 73 24 32 56 35
Seismic Yr3 35 72 64 72 81 63 16 24 50 27
Event Yr7 8 8 9 14 9 10 20 14 12 16
Yrl 54 65 67 55 83 64 14 31 52 29
Yr3 31 65 55 51 64 51 9 23 45 23
Stage 1 Yr 7 8 7 9 14 9 10 15 13 12 14
Yrl 47 68 69 56 61 59 9 30 54 28
Yr3 23 53 37 49 52 42 10 21 43 21
Stage 1&2 Yr 7 8 7 8 12 9 10 19 11 10 15
Yrl 11 66 32 52 51 40 8 26 48 23
Full Yr3 12 50 26 47 49 35 10 20 39 19
Program Yr7 9 7 9 10 9 10 19 13 10 15
POPULATION
) Coast: Coast: Coast; Greater Mid-
Region North | Tillamook- | Newportto | Florenceto | South | Coast | Portland | Willamette | Southern | Western
Scenario Coast Newport Florence Coos Bay Coast Total Metro Valley Valley Total
Yrl 65 76 59 73 80 70 15 28 53 29
Seismic Yr3 35 74 56 67 80 61 11 20 48 23
Event Yr 7 7 6 9 14 9 9 19 12 11 15
Yrl 55 69 60 49 81 63 10 27 49 26
Yr3 30 68 48 43 62 49 10 19 44 21
Stage 1 Yr 7 3 5 9 32 10 9 11 10 11 10
Yrl 44 72 62 52 59 57 6 25 50 25
Yr3 22 56 27 42 50 39 10 17 42 19
Stage 1&2 Yr7 1 5 8 35 6 8 18 5 8 14
Yrl 13 71 23 49 47 39 6 23 45 21
Full Yr3 12 55 19 41 45 34 9 17 39 17
Program Yr 7 7 6 10 35 8 9 17 11 7 13
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APPENDIX: ANALYSISTEAM

This technical memo is included in the final reg@tegon Highways Seismic Options Report” March

2013 as Appendix F. A copy of the report can baioled here:
http://www.oregon.gov/ODOT/HWY/BRIDGE/docs/Oregonighiways_Seismic_Options_Report_3 2013.pdf

This analysis required a team of people workingelptogether in order to meet the objectives ©f th
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Albert Nako, PE, Seismic Standards Engineer
Bruce Johnson, PE, State Bridge Engineer

Consultant Team

Erin Wardell, Parsons Brinkerhoff

Joel Freedman, Parsons Brinkerhoff
Ben Stabler, Parsons Brinkerhoff

Chris Frazier, Parsons Brinkerhoff
Daniel Flight, Parsons Brinkerhoff

Rick Donnelly, PhD, Parsons Brinkerhoff

John Abraham, PE, PhD, HBA Specto
Doug Hunt, PE, PhD, HBA Specto
Graham Hill, HBA Specto

Geraldine Fuenmayor, HBA Specto

Carl Batten, ECONorthwest
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