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PMP Definition

The theoretically greatest depth of

precipitation for a given duration that is physically
possible over a given storm area at a particular
geographic location at a certain time of year (HMR
59, 1999)
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PMP Background

Types of PMP studies:

Generalized (Hydrometeorological Reports)
Provides PMP values for a region
HMR 57 — Columbia River, Snake River, and Coastal drainages

Regional/Statewide
Provide PMP values over regions with varying topography
Individual basins are included in the results
Site-Specific
Provides PMP values for individual drainage basins

Considers unigue meteorology and topography
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Coverage of HMRs

REGIONS COVERED BY GENERALIZED PMP STUDIES




AWA PMP Studies

Site-specific/statewide PMP values used instead of
HMR values to compute the PMF

PMP studies have produced significant reductions
Individual basins
Statewide regions
Large regions
AWA site-specific and statewide PMP studies have
been accepted by appropriate regulators

State Dam Safety, Federal Energy Regulatg _
Commission (FERC), Natural Resources JEsgsssou
Conservation Service (NRCS), etc _ Asspiafes

/ 4 .f_ _f_ f:- ; _"?f.';.,://‘




Do PMP Studies Provide Improved PMP Values?

More storms considered
New technologies used

Problems/Unknowns In the HMRsS
corrected

Topographic features addressed
Updated climatologies used

Conservatisms relaxed where data
supports
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Background-HMR 57

HMR 57-Published in 1994

Storm database old

Based on outdated methods and techniques

Subsequently been improved
Better understanding of meteorology
Updated datasets
Improved spatial analysis

Major issues with HMR 57
Improper handling of orographic effects
Inconsistent use of storm data used to develop the PMP values
Covers a widely varying region
Climatologically/Topographically
Several calculation errors corrected
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How Does AWA Compute PMP?

Storm Based Approach
Similar to HMR/WMO procedures
Deterministic-but there Is uncertainty
Maintain consistency with AWA PMP studies
Improvements in understanding
Expanded database
Use of computer technologies
Use of NEXRAD weather radar
Better understanding of meteorology



Not Our First PMP Study

RO —
Applied Weather Associates Projects

Watana Dam

In Progress

‘.}_ER(

Basin Size: 5, 1325qmi

Brassua Dam

012

FERC

Basin Size: 7T15sqmi

Waterton Dam
010

Province of Alberta
Basin Size: 48%qmi

Nuclear Power Plant
In Progress

NRC

Basin Size: 6,234 sqmi

Upper and Middle Dams
2002

FERC

Basin Size: 476sqmi

Lewis River
2012
FERC

Basin Size: 730sqmi

Scoggins Dam

2009
Basin Size: 30sqmi

Piru Creek

2012

FERC

Basin Size: 423sqmi

*\v'

| Wyoming Statewide PMP
| In Progress
State of Wyoming

¥ Bovd and Horeshoe Lakes
2002

State of Colorado

Basin Size: 17sqmi

Dry Creek Reservoir
2004

State of Colorado

| Basin Size: 2sqmi

Overland Reservoir
2005
State of T
Basin *

orado

9. 5sqmi

Sweitzer Reservaoir T
2004 ] =
‘| State of Colorado

Basin Size: 7.9sqmi | (2001

Arizona Statewide P\]P
In Progress
State ol Arizona

Spring Run No.2 Lake

- State of Colorado
- Basin Size: 2sqmi
y T

mnath Reservoir
2008
— | State of Colorado

North Platte Basin
below

2011

FERC

Easin

Glendo Dam

Size: 9,58%sqmi

Basin Size: 18sqmi
T

Black Hollow Reserveir

2003

Srate of Colorado 8

Basin Sire: 21 4sqmi 1
| Ohio Statewide PMP

Nebraska Statewide PMP
2008
State of Nebraska/FERC

Wanahoo Dam

2007

State of Nebraska
Basin Size: 87sqmi

2005

Milton and Barr Reservoirs

State of Colorado
Basin Size: 125sqmi

Buckeye FRS

011

State of Arizona’ NRCS
Basin Size: Tosqmi

White Tanks

2009

Btate of Arizona L
Basin Size: 20sqmi |

Magma FRS

2010

State of Arizona
Basin Size: 74sqmi

M Florence FRS

2008
State of Arizona/NRCS
Basin Size: 69sqmi

Cherry Creek l
2003

CWCEB
Basin Sire: 410sqmi

Nuclear Power Plant
012

NRC

Basin Size: 88,817 sqmi

[ NRC

In Progress

State of Ohio

! ear Power Plant
In Progress

NRC

1

Tarrant Regional Water District

State of Texas

Basin Size: 4,928 sqmi
T

2012

Tarrant Regional Water District

State of Texas
Basin Size: 842 sqmi

TP

Nuclear Power Plant
In Progress

Nuclear Power Plant
In Progress

Nuclear Power Plant
In Progress

Greal Sacandaga Lake
2003

FERC

Basin Size: 1,0445q

Blenheim Gilboa
2008

FERC

Basin Size: 356sqmi

Lake DeForest
2009

Slate of New York
Basin Size: 27sqmi

Woodcliff L ake
2006

State of New Jersey
Basin Size: 7.55qmi

Toxedo Lake
2009
State u[ New York

Basin ez 3sqmi

PMP Projects by Regulatory Agency

. State/Province

Federal Energy Regulatory Commission

Nuclear Regulatory Commission




Method for Computing PMP Values

|dentify unique topography
Precipitation enhancement/decrease
Orographics
Effects on rainfall center location
Physically possible storm centering/orientation

Review HMR procedures used
|dentify inconsistent assumptions
Apply new technologies and data
Apply new/updated methods
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AWA Storm Search Domains

Storm Search Domains

Wy;oming
AN

Piru Creek
2009

Blenheim-Gilboa - 2006
Tuxedo Lake - 2008
and J
Lake DeForest - 2007




Storm
L_ocations
Analyzed by

West of the

Continental
Divide

SPAS Storm Locations - West of Continental Divide

Seymour Falls, BC
Jan, 12-17, 1961
21.49 inches

Washington & British Columbia
October 15-22, 2003
15.37 inches

Hoh River, WA
October 15-21, 2003
31.66 inches

Pe EIl 7.5 SW, WA
December 1-4, 2007
26.67 inches

Onion Peak, OR
January 27-31, 2003
14.81 inches

June Lake, WA

B February 5-9, 1996
NW California/SW Oregon 31.11 inches
QOct. 25-30, 1950

29.67 inches

Northem California
Dec. 20-24, 1964
33.97 inches

Gilbraltar Dam, CA
Feb. 21-25, 1998
14.38 inches

Juncal Dam, CA
Jan 7. 1995

s Camp, CA
Jan 20-24. 1943

372

inches

Squirrel Inn, CA
Jan 14-19, 1916
30.68 inches

Lake Arrowhead, CA
Jan 7-11, 2005
32.09 inches

Lake Arrowhead, CA
Feb. 21-27, 1969
26.82 inches

Lake Arrowhead, CA
Dec. 2.
36.05

nches

i L E e

Ocean

= Mt Baker, WA
4| November 26-30, 1995
15.21 inches

Mt.Baker, WA
November 5-11, 1989
13 inches

Jo Mt Baker, WA
29| November 6-13, 1990
15.3 inches

Mt Baker, WA
4, November 22. 1990
Al 1544 inches

Index 6.5 NE, WA
oo, ] November 2-8, 2006
39.83 inches

Wright Canyon, WA
November 20-25, 1990
A 20.46 inches

Mt. Shasta Zone |
December 17-22, 1955
11.86 inches

Bucks Lake, CA / Lake Spaulding
Dec 28, 1996 - Jan 3, 1997

37.28 inches

. 1966 9

Westfall RS, CA
Jan. 28-Feb_ 2, 1963
35.23 inches

Moapa Valley, NV
Aug. 10, 1981
6.5 inches

£, Southern California
it Feb. 11-17, 1927
28.44 inches

" !
“4 | Indio, CA
Sept. 23-24, 1939

6.08 inches

) D See: Arizona Area
Welion, AZ to, AL AOE

August 22-24, 1955
6.49 inches

Yuma Valley, AZ

SPAS Storm Locations Map

Near Wagon Wheel, Colorado
Oet. 3-7, 1911
7.88 inches




Updating PMP-Storm Analysis

Storm Precipitation Analysis System (SPAS)
Depth-Area-Duration
Mass Curves

Storm Isohyetal
Hourly (5-minute rainfall) at 1/3 square mile

Dynamically adjusted radar and/or basemap for
spatial interpolation
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SPAS 1055 Storm Center Mass Curve Zone 1
e et i - B i _ February 5 (0800Z) to 9 (0800Z), 1996 Storm
) y i ; : 2 Lat: 45.9750 Lon: -122.0150 r 38
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Storm 1055 - Lewis River February 5 (0800 Z) -9 (0800 Z), 1996
p— ’ ; A g A ; . MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
? 3%@ o I s ’ Ji 5 Duration (hours)
PP - P - L. o Area (mi?) 1 2 3 4 5 6 12 24 36 48 72 Total
0.33 136 785 3.21 3.81 122 474 7.21 1134 | 1476  18.98 2666 3111
- 1 1.30 2.41 313 373 4.09 458 7.02 1.07 1438 1854 2592 30.21
LeT‘?takBa'"f&'L‘?gSg‘gts) 10 119 221 283 348 391 436 652 1069 4401 1797 2520  30.09
wis River, ey 2 1.09 203 263 3.24 3.68 3.98 5.78 1011 1330  17.26 2422 2911
Storm #1055 February 5 (0800 Z) to 9 (0800 Z), 1996 50 0.98 188 242 2.96 343 3.71 5.59 966 1261 1662 2328  26.09
- 100 0.87 167 217 264 294 3.36 527 9.25 1185 1594 2244 2677
Gauging Stations 0 20 40 a0 150 0.78 1.50 2.01 2.39 276 313 5.00 8.96 1176 15635 2198 2689
PR ——— Kiometers 200 0.77 133 1.85 228 2.70 3.04 489 8.79 1137 1473 2135 2517
A 120 160 300 0.67 111 1.70 215 241 282 469 8.51 10.91 1421 2013 24.02
e HES e SE N & 400 0.66 1.10 1.60 2.02 232 266 432 8.23 1057 1348 1927 23N
P h i A 500 0.62 1.08 149 1.88 2.21 258 4.31 8.01 1044 1319 1883 2232
recipitation (inches) 1,000 0.52 0.87 118 1.60 1.99 232 3.99 7.11 9.23 1175 1669 2032
M oo0s-200 [ |801-1000 []16.01-18.00 ] 24.01-26.00 2,000 0.42 0.77 1.09 1.49 1.80 2.02 3.62 6.15 8.52 10.72 14.90 18.15
M 201-400 [] 10.01-12.00 [l 18.01 - 20.00 [l 26.01 - 28.00 5,000 0.34 0.59 0.85 1.21 1.48 1.70 310 527 7.28 9.28 12.61 15.10
B 401-600 [[] 1201-14.00 [l 2001-22 00 [] 28 01-30.00 10,000 0.26 0.51 0.71 0.91 1.16 1.34 252 4.47 6.09 7.76 10.93 12.92
[]601-800 [ 14.01 - 16.00 [ 22.01 - 24.00 [ ] 30.01 - 32.00 Coordnate sysfem: GOS North American 1963 | 20,000 017 0.32 0.44 0.58 0.73 0.88 171 3.29 448 5.90 8.55 10.14
er 13,553,511 resminns Fevnay o 0 26,853 0.13 0.25 0.37 0.49 0.61 0.73 137 2.0 3.68 462 6.91 8.22




How Does AWA Compute PMP?

Each storm maximized
Make it as big as physically possible
Storm rainfall = dynamics + moisture
Can’t quantify dynamics, can quantify moisture
Assume most efficient storm dynamics
Only moisture varies

Use surface dew points or SST for maximization
Determine moisture which fed the storm = fuel
Ratio: climatological maximum moisture to actual storm
moisture = In-place maximization factor
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How Did We Compute PMP?

Move maximized storms to each grid/basin centroid
Account for differences in moisture and elevation

Calculate the Orographic Transposition Factor
Uses Precip Frequency-WSDOT or NOAA Atlas 14
Difference between source and target location

OTF-Quantifiable/Reproducible

Replaces HMR SSM, K-Factor
Highly subjective
Not reproducible

Results In total adjustment factor
Apply to the DAD values
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General Storms

Atmospheric Rivers
aka Pineapple Express



Atmospheric Rivers

R
2008 04 22 1107

Atmospheric Rivers

From http://www.esrl.noaa.gov/psd/amrivers/
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Pacific Northwest, November 2006

Rainfall
Rainfall Center Centers

More than
35 Inches!

More than 35
Inches!

Total Rainfall (168-hours)
Lewis River 2006 Storm
Storm #1052 November 02 (0800 Z) to 09 (0800Z), 2006

Gauging Stations

¢ Dally @ Hourly Pseudo
e Hourly ¢ Supplemental g
Hourly Estimated
Precipitation (inches)

| | 200 []10.01-12.00[]
W z01-400 [ ]1201-14.00[7]:
W 201-600 [[]14.01-16.0

M co1-g00 [ 16.01-
[]8.01-10.00 [] 18.01




Ic Northwest, November 2006

Storm 1052 - Lewis River November 2 (0800 2Z) -9 (0800 Z), 2006

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Duration (hours)

Area (mi}) 12 18 24 36 48 72 96 120
0.33 1220 1645 2036 2419 2682 2961 3484 3818

1 1215 1626 2016 2395 2659 2940 3458 3793

10 1130 1517 1888 2238 2512 2803 = 3321 36547

25 1030 1411 1733 2090 2329 2633 3105 3451

50 9.37 12.71 1569  19.01 2139 2446 2906 3247
B.20 1133 1422 1736 1971 2242 2658 3015
7.88 1084 1381 16.87  19.01 2181 2604 2974
762 1074 1350 1669 1888 2131 2564 2940
7.56 1066 1322 1636 1862 2124 2546 2903
7.18 10.01 1274 1566 1778 2025 2451 2798
6.75 9.35 12.01 1472 1708 1956 2315 2658
6.35 8.93 117 1399 1591 1843 2177 2494
6.29 8.87 11.03 1387 1591 1818 2156 2445
5.66 8.00 1015 1261 1452 1662 1954 2221
497 719 9.00 1125 1295 1493 1744 1948
3.98 577 7.12 8.86 10.31 1203 1412 1587
279 3.98 487 6.05 7.09 B.41 9.90 11.27

SPAS 1052 Storm Center Mass Curve Zone 3
November 2 (0800Z) to 9 (08002Z), 2006 Storm
Lat: 47.905 Lon: -121.495

20 30 40 S0 60 7O = a0

100 110 120

fches)

=

Prt"n:*.'lpitarlnn {i

10




|_ocal Storms

Thunderstorms-Flash Floods



HMR 57 Local Storms

Table 11.1.--Major Local Storms - Pacific Northwest

Lat N Lon [ W Elev. Dur. Amount

Location ’ ; j (feet) Date Min. (in.) Reference
Birch Creek, OR 45 20 I18 | 66 3000 6/22/38 20 2.50 Riedel, et al., 1966
Skykomish 1ENE, WA 47 42 | 121 | 22 1030 5/25/45 30 1.78 Schaefer, 1989
Girds Creek, OR 44 40 (120 | 10 4000 7/13/56 30 4.00 Riedel, et al., 1966
Simon Ranch, ID 43 15 | 114 | 45 5000 7/21/56 20 2.50 Riedel, et al., 1966
Knapp Coulee, WA 47 49 | 120 | 08 1500 8/15/56 5-10 1.50 Hendricks, 1964
Winthrop, WA 48 20 | 120 | 11 1755 7/29/58 60 3.00 Private communication
Castle Rock, WA 46 16 122 55 43 8/23/63 12 0.90 NCDC, 1963 |
Meridian, ID 43 37 | 1156 | 25 2600 6/21/67 12 2.75 Rostvedt, 1972
John Day, OR 44 25 118 53 3200 6/9/69 180 7.00 Reid, 1975
Heppner, OR 45 20 | 114 | 33 2500 5/25/71 20 3.00 Bauman, 1980
Reynolds Creek, ID 43 15 116 45 3700 72175 5 0.80 USDA, 1975
Aberdeen 20 NNE, WA 47 16 123 42 440 5/28/82 45 2.30 NCDC, 1982
BORDERING AREA
Morgan, UT 41 03 111 [ 38 5150 8/16/58 60 6.75 Riedel, et al., 1966
Elko, NV 40 a0 115 | 47 5080 8/27/70 60 3.47 NCDC, 1970
Opal, WY 41 45 | 110 | 15 6900 8/16/90 120 7.00 Private communication




SPAS Storm Analysis Results
Elko, NV August, 1970

SPAS 1250 Storm Center Mass Curve: Zone 1
o August 26 (800 UTC) to August 29 (700 UTC), 1970
i Mo Lat: 40.78 Lon:-115.76

40
Index Hour

Storm 1250 - August 26 (800 UTC) - August 29 (700 UTC), 1970
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

1
10
25
50
100
150
200
300

Total Precipitation (72-hours) o
SPAS 1250 - Elko, NV 1,000

8/26/1970 0800 GM T - 8/29/1970 0700 GMT o
10,000
12,573

Gauges Miles
@ Daily 40

= Kilometers
H  Hosly 0

Precipitation (inches)

Mooo-o050[]151-200[@]301-




SPAS Storm Analysis Results

Morgan, UT, August 1958

SPAS 1248 Storm Center Mass Curve: Zone 1
Jrra 1w August 15 (800 UTC) to August18 (700 UTC), 1958
Lat: 41.08 Lon:-111.65
g 3
[SpE——
— Accumulated T
o 6 g E‘
£ g
£ <
= =
o "
E =
3o 48
@ o
o o
= g
= =
5 S
E
BEEEE e . L N - 41N E 3
. g 2 2 2
0 i - 0
10 20 0 40 50 60 70
Index Hour

Storm 1258 - August 15 (800 UTC) - August 18 (700 UTC), 1958
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
1 Area (mi?) 1 2 3 4 5 6 72 Total
. i Fois a0 0.3 7.08 7.09 7.09 7.10 7.10 7.10 7.10 7.10
' - . 1 6.91 6.91 6.91 6.92 6.92 6.92 6.92 6.92
10 6.73 6.74 6.74 6.74 6.74 6.74 6.74 6.74
- > m 25 .39 6.39 6.39 6.39 6.39 6.39 6.40 6.40
50 587 587 5.88 588 588 588 588 588
Total Precipitation (72-hours) 100 501 502 502 502 502 502 504 504
SPAS 1248 - Morgan, UT 150 4.39 440 4.41 142 142 442 4.42 4.42
8/15/1958 0800 GMT - 8/18/1958 0700 GMT 200 3.92 3.93 3.93 3.93 3.93 3.93 3.97 3.97
300 3.27 3.28 3.29 3.29 3.29 3.29 3.33 3.33
Gauges — T 400 287 288 2.88 2.89 2.89 2.89 2.91 2.91
¢ Day R LT 500 259 260 260 260 261 261 270 270
W sl LIRCEE 80 1,000 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83
2,000 1.37 1.39 1.39 1.39 1.39 1.39 1.45 1.45
Precipitation (inches) 5,000 0.42 0.45 0.48 049 049 0.49 0.60 0.60
Mooo-050[]151-200[]301-350[]451-500[0]601-650 5,804 035 037 0.40 041 041 0.4 047 047

[Bo51-1.00[]201-250[]351-4.00 W 501-550[_]6.51-7.00

[J1o1-150[]251-300[J401-450@]551-600[ ]701-750

82412012



Heppner, OR 1903




What About Oregon?

Build of PMP work at Lewis River, Scoggins
Dam, Baker River, Chelan
Leverage off storm lists/analyses
Significant cost/time savings
Same structure/products as Arizona and
Wyoming
PMP for any point in state
Updateable, flexible, user friendly
Regulator confidence and understanding
Involvement of stakeholders from beginning
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What About Oregon?

Return On Investment (ROI) very high
Often pays for itself right away
Lower Rehab cost
Lower Construction costs
Reclaimed Opportunity Costs
Flood protection
Storage capacities
Operational availability
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Summary

Storm based and reproducible

Ability to consider site-specific characteristics
Higher confidence In results/data
Significant cost savings

Properly sized spillways

Infrastructure not overbuilt

PMP study produces updated/reliable values
PMP values for any point
Developed using the most current methods and data available
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QUESTIONS

Bill Kappel
719-488-4311
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SPAS—Radar Blockage- Basemap Concept

Unadjusted Radar Reflectivity

Preliminary 1-hour Total Z (DBZ)
Storm Precipitation Analysis System Real-Time (SPASRT) - Version -3.5.40

Hall cap (53), beam blockage infill, clutter QC and minimum Z thresholid applied

Total 1-hour Z Ending at 01/15/2010 14:00 UTC - Created Wed Mar 31 15:48:38 UTC 2010

Storm Total Precipitation
National Weather Service
Northwestern Washington

2 3o i |
d‘} ) o2 ,éﬁy.,
. N . :

SPAS Precipitation

Preliminary 1-hour Precipitation in Inches

Storm Precipitation Analysis System Real-Time (SPASRT) - Version -3.5.40

Dynamic ZR Gauge-adjusted Radar Precipitation [a=0.0048,b=0.6285]

Total 1-hour Precipitation Ending at 01/15/2010 14:00 UTC - Created Wed Mar 31 15:48:38 UTC 2010

Storm Total Precipitation
National Weather Service




Maximum Dew Point Climatologies

Dewpoint Climatology Domains
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Dew Point Map, May 24-hr 100-yr

24-hour Monthly Dew Point Climatology
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Sea Surface Temp, Dec +2-sigma

+2 sigma (1982-2007) Dec SST {DegF)
NOAA Olwv2 Sea Surface Temperature
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Initial List of ‘

: : ,-B_'s"-‘ e e Conduct Storm Storm;
Characteristics/Geographic it (Long List)
Location
| Determine Magnitude
Determine Transpositionability
[ ) _ L Run DA Estimator
.REVIE'V'-J Prew::)us Wo_rk Identify PMP ‘
in Regions with Similar Storm Typels)
Meteorology/Topography , ypP s

L y,

Storms
(Intermediate Storm List)

: 4
‘ Barriers to Inflow

B
Moisture Affecting | - Identify Final Storm List for PMP
the Basin? | I (Short Storm List)
- L * .

't

‘ Potentially Significant PMP

| DAD Available?

A Calculate Transposition, Barrier,

Determine Effective :
o o ol and/or Elevation Factors

Each Inflow '.
Direction ] " . I =

Plot and Envelop Depth-Area Calculate In-Place | Run SPAS
Storm Analysis

Curves Maximization
Factors

& J LS

Plot Enveloped Depth-Duration
Curves

Site Specific PMP

Values




How Did We Compute PMP?

PMP on a ~2.5mi? grid
64,103 grid cells-that’s a lot of data!
Move maximized storms to each grid
Account for differences in moisture and elevation

Calculate the Orographic Transposition Factor (OTF)
Uses Precip Frequency-NOAA Atlas 14
Difference between source and target location

OTF-Quantifiable/Reproducible

Replaces HMR SSM, K-Factor
Highly subjective
Not reproducible

Results in total adjustment factor ~
Applied=—"
Apply to the DAD values Weather)
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PMP Evaluation Tool (PET)

Calculates gridded PMP for a user-defined drainage basin

Custom Python-based scripted tool
Designed to be used within the ArcGIS environment
Flexible for future updates/enhancements

Iterates through a storm database
Currently 93 maximized historical DAD tables
Adjusted to each grid cell
Produces temporally distributed PMP output in both vector and raster
GIS file formats for the basin spatial extent

AZ Basin PMP Evaluation Tool

na\PMP_Evaluation_Tool
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Example PMP
Results

Tool Running on 8
Basins

Different Regions,
Different Area
Sizes

Preliminary PMP Test Basin Locations
with Drainage Areas
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Exal I I p I e P I\/I P Tropical Storm 72-hour PMP (inches)

Example Basin

ReSUItS > Z :.BasinA\e'e.r.;a.g:_ei.11.39".5 |

/2-hour tropical
storm PMP values

Provide basin, sub
basin, or grid

values/average

Assoclated with e o0 s
y ; . (inches)

storm type temporal | 'W -8 -

timing




Exam p I e P I\/I P Tropical Storm 72-hour PMP (i
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Presentation Outline

Reason for the study
Regulator Perspective
PMP Development Process
Storm based approach

49 new storms analyzed!

Updated dew point/SST climatologies

Explicitly Address orographics
Results/findings

Quantifiable/Reproducible
No black box

Applied==—"
VVE"['H‘IQ]I‘

AQHO ciates



Deliverables for Arizona

Updated storm database

51 new storm analyses using SPAS
3 PMP storm types

Enormous amount of data

PMF hydrologic implementation parameters

Temporal distributions
Basin specific distributions

One PMP process using state-of-the-science
understanding and techniques

Applieds=="
Weather)

/ 3
Associates



Updating PMP-What Did We Do

Storm Search

Update the storm database

Identify the most extreme rainfall events
Throughout the state
Surrounding regions

Identify Storm Types
Local Convective
Remnant Tropical
General Frontal

Applied==—"
\Veﬂ‘[her

A%HO ciates
———



Updating PMP-Storm Search

1000’s of storms initially captured

Grouped by storm type

_ocal Convective, tropical, Frontal
_ocation

Duration

Storms used in HMRs included

Ensure no potential PMP storms missed
Storms must be transpositionable

Meteorological and topographical similar
characteristics

Applieds=="
Weather)

/ 3
Associates
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