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Probable Maximum Precipitation Background

Gov't recognition-updates are
needed-Probabilities-Climate

Change

WMO produces Manual for PMP
(1973, 1986, 2009)-largely
based on HMRs

i
8- 's NWS stops Updates Michigan-Wisconsin BoM-US
First HMRs 1940's-1950's Collaboration 1999-no longer Regional PMP-FERC o] Modernization of
between funding approved P PMP/EA Phase |
NWS/COE/BOR

Environment Agency fund

BOR utilizes Probability review of PMP/PMF methods
Assessments Moving to More Phase | completed 2022

Risk Based Processes




What Is Probable Maximum Precipitation?

"Current” US 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)

Recommendation 5-3: NOAA, federal and state agencies involved in dam safety and

nuclear regulation, the American Meteorological Society, the American Society of

Civil Engineers, and the Association of State Dam Safety Officials should adopt a

revised PMP definition: Probable Maximum Precipitation—The depth of

precipitation for a particular duration, location and areal extent, such as a drainage

basin, with an extremely low annual probability of being exceeded, for a specified

climate period. .
e
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Rainfall Data Sources-This Is Important

Availability and quality of rainfall data
continues to improve

Varies depending on location

Work with what you have - wan
Observational
Satellite/remote @pa WRugd” 000 7 ' g.§‘° *********
Model reanalysis ,v' :
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Why Needed For TSFs and GISTM?

Critical input for spillway and volume design

Need to understand where we are today and where we might need to be
Important to quantify uncertainty and range of outcomes

Need to evaluate all site-specific parameters that are relevant to a given location
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Mining Study Locations

Work in all regions
Many unique requirements
All types of environments

Local expertise and data is
critical

Communication very
important
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Climate Change Study Locations

Arctic ‘Locations of AWA Cli Change A t ‘

Just like mining =
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How Do We Do This?

— Storm Based Approach (recommended by WMO, 2009)

— Evaluate previous extreme events in similar region
— Maximize and transposition those events to your location

— Develop PMP and Depth-Area-Duration outputs
— Provide temporal and spatial patterns

— Perform sensitivities and testing

— Work with the hydrologist and engineers
* Ensure proper application

* Discuss/quantify uncertainty
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There Are Other Methods

e Hershfield method

o Used at many locations
o Quick and relatively easy

o Understanding of meteorology not required

Hershfield, D. M., (1965). Method for estimating probable maximum precipitation, J. Am. Waterworks Assoc., 57, 965-972.
Koutsoyiannis, D. (1999). A probabilistic view of Hershfield's method for estimating probable maximum precipitation. Water Resources
Research. 35.

e This introduces issues

o Highly uncertain results

o No spatial

o No temporal

o No seasonality

o No Topography -
Whaiher
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How Do We Continue To Improve?

Continual updates to the storm database

PMP by storm type and season (rain on snow-snowmelt)
Updated dew point/SST climatologies for maximization
Precipitation frequency databases

Storm based temporal patterns

Storm based spatial patterns

Uncertainty quantification

Probability assessments through PMP

Climate change assessments specific to PMP
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Lots of Data-Complex Region

1

Dry Climate
Different storm types
Good data coverage

Plenty of previous
and concurrent work
in the region

AWA Projects
(by regulatory agency)
@ State/Province
® Federal

@ Forensic

@ Mining

@ Other




Storm Data Very Important

Locations of Short List Storm Centers - All Storm Types

Local and General storms

— Remnant Tropical too
North American Monsoon
Winter frontal

Many storms from previous
and ongoing studies

Transposition regions are
key to define
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SPAS Analysis Example Outputs

12w W SPAS 1248 Storm Center Mass Curve Zone 1
August 15 (800UTC) to August 18 (700UTC), 1958
Lal:41.07016667 Lon: -111.654 16667 &
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PMP Example Outputs

PMP Depth-Duration Chart H H
Mercur Mine Sie * Unique accumulation
18 . .
| characteristics from sea
16 L
level to >4000m
14
g * Represents
E ..... ¢ ?
raphical chan
2 . tOpOg apnical changes
E .
« Gridded approach
/1 allows all areas sizes to
[ )
I, _ be analyzed
L . e-Local Storm PMP
o Generalstom pup * Hourly timesteps allows
?lel G-hour 12-hour 1&-hour 2é-hour 30-hour 36-hour 42-hour 48-hour 54-hour 60-hour G6-hour 72-hour -
STORM DURATION I HOURS all durations
Local Storm PMP
Duration 1-hour 2-hour 3-hour 4-hour 5<hour 6-hour 12-hour 24-hour
PMP 9.8° 11.5" 11.5" 115" 115" 115" 11.5° 115"
. Moapa Valley, MV 4 John Day, OR- John Day, OR - lohn Day, Of - lohn Day, OR - John Day, OR- John Day, OR - lohn Day, OR -
Comtroliing Stom Aug, 1981 Jun, 1954 Jun, 1964 lun, 1968 Jun, 1969 Jun, 1969 Jun, 1969 Jun, 1969
General Storm PMP
Duration 1-hour 2-hour 3-hour 4-hour 5<hour 6-hour 12-hour 24-hour 48-hour 72-hour Apphgd/
PMP 2.4° 2.7 3.9" 4.6 5.3" 6.0" 9.6" 1.1 16.3" 16.7" Wea, hery
Controlling Sto larbridge, NV - Rattlesnake, 10 - Eendall, WY - fatthesnake, 10 - Aattlesmake, 1D - Rattlesnake, 1D - Rattlesnake, D - Rattlesnake, 10 - Rattlesnake, 1D - Ratthesnake, 10 - "ASSDC] ates
St Jun, 1997 Nov, 1909 Feb, 1986 Nov, 1909 Mow, 1908 Now, 1509 Nov, 1909 Nov, 1909 Nov, 1909 Nov, 1909 e
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Basin Statistics J
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Data Limited-Highly Complex Region

Tropical Climate

Two wet/monsoon
seasons

Limited data, especially
sub daily

Utilize remote sensing

Extreme topography
~4000 meters to sea |
level over short distance |
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Storm Locations
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SPAS Analysis Example Outputs

SPAS 1605 Storm Center Mass Curve: Zone 1
February 20 (0100 WIT) - February 28 (2400 WIT), 2009
Lat -4 2675 Lon 137.0375
80 400
MaT 350
50
00
E
a0 s
%0 §
i ow 0 5
E) ]
: £
H 150 3
g <
100
10
50
0 1 0
0 2 48 72 % 120 144 168 192
Index Hour
Storm 1605 - February 20 (0100 WIT) - February 28 (2400 WIT), 2009
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (MM)
R Duration (hours)
Area (km?)
1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
1.0 46.7 61.5 69.3 82.0 93.2 94.0 1014 | 1242 | 1313 | 1323 | 170.2 | 2388 | 289.6 3005 | 350.0
2.0 46.7 61.5 69.3 82.0 93.2 93.7 1014 | 1242 | 1313 | 1323 | 1702 | 2383 | 2896 3002 | 3500
5.0 46.7 61.2 69.3 82.0 93.2 93.7 1011 | 1240 | 1313 | 1321 | 169.9 | 2380 | 2893 3002 | 349.8
p o pr 10.0 46.5 61.2 69.1 81.8 93.2 93.7 1011 | 1240 | 1311 | 1321 | 169.9 | 2377 | 2891 3000 | 349.8
TS AR ) FXSEI AN () 300 | sas | ovo | eas | ere | osz | ors | o0a | tar7 | 1303 | 1306 | teva | zase | zass | sors | sses
Gauges 2/20/2009 0100 WIT - 2/28/2009 2400 WIT . : : . : : ! . . . : : : : : :
< o SPAS# 1605 100.0 455 60.2 68.1 80.0 20.9 91.7 98.8 | 1212 | 1200 | 1293 | 1664 | 2334 | 2827 2946 | 347.0
= Houry 200.0 445 58.2 66.0 78.2 89.2 89.7 968 | 1201 | 1247 | 1275 | 1631 | 2278 | 277.9 2898 | 3434
= Houry Pseudo —— rad 500.0 417 50.6 54.1 73.7 83.8 84.3 907 | 1163 | 1240 | 1250 | 1547 | 2129 | 2621 2756 | 3320
° . -— - 1000.0 38.4 445 49.8 68.1 704 78.2 866 | 1133 | 1204 | 1219 | 1443 | 1981 | 2400 2530 | 317.8
2000.0 34.0 30.1 46.0 62.7 66.8 73.7 815 | 1080 | 1156 | 1163 | 1280 | 1737 | 2063 2266 | 296.4
2205.0 333 38.1 42.9 62.0 66.6 72.6 805 | 1067 | 1146 | 1158 | 127.8 | 1633 | 2024 2263 | 2934
Precipitation (mm) 2500.0 323 36.6 429 61.0 66.0 716 80.0 104.4 113.0 1138 127.3 158.5 198.4 2212 288.5
04- 100 [7]125 - 150 [T] 176 - 200 [] 226 - 250 [ 276 - 300 3000.0 305 35.8 427 59.4 65.0 70.4 790 | 1031 | 1110 | 1123 | 1265 | 1555 | 1869 = 2169 | 280.9
I 101125 t51- 175 [ 201- 25 Ml 21 - z7s Wl 01 - 25 5000.0 25.7 318 40.4 54.1 59.2 64.3 72.9 94.2 1026 | 1039 | 1113 | 1372 | 1679 1984 | 2614
[Elzeran 142016 10000.0 18.8 22.9 310 412 45.0 475 53.3 76.2 79.3 85.3 87.4 | 1234 | 1473 1725 | 2352
20000.0 117 11.7 17.8 24.6 27.2 27.2 207 54.4 58.2 64.8 706 | 1019 | 1204 1522 | 2098
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PMP Example Outputs
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allows all areas sizes to
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PMP Example Outputs
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big difference
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Annual Exceedance Probability of PMP

ey T i « Regional Lmoments
ARI AEP 50% 5% 5% 50% 5% 5%
1 9.9 09 0.8 1.0 13 1.1 1.4 *  Uncertainty
2 so 18 16 18 6 24 26 »  Check range of outcomes related to all
5 20! 23 21 2.4 34 i1 i5 PMP Input parameters
10 1.0 27 25 218 4.0 37 4.1 L.
25 4.0 32 29 3.3 48 4.3 5.0 * SenSItIVIty Of PMP
50 2.0 EX a2 38 5.4 48 57 + 100, 1000, 10000-yr depths for various duration
100 142 4.0 3.5 4.3 &1 5.3 &4
200 500 45 EX AE 6.7 58 7.2 B D) L B B B B I L
500 2.0 50 4.3 55 Th &5 B4 N PMP Distribution PMP Distribution
1,000 1.0 55 4b 6.2 8.4 7.0 2.3 301 g7 .
5,000 2,04 87 5.4 77 10.2 83 1.8 o | \ - j_
10,000 1.0 72 LY .5 1o 84 130 E . :
100,000 1.08 9.1 &9 11.5 14.0 0.7 17.6 'E'10- e § 4 ,g b :
1,000,000 14008 11.3 8.1 15.2 17.5 12.4 23.5 ;: o f :

10,000,000 1.07 13.8 .4 19.7 21.5 14.6 30.8 E § 1 % S -

100,000,000 1o 6.6 10.6 254 26.0 16.7 40,1 E = 3 180
1,000,000,000 1.0 19.9 1ne 2% 313 18.8 59§ 2 & '
10,000,000,000 1010 235 13.2 42,1 7.4 .0 Hé.7 ¢ g £ :

e |
o |
8 . 107 ——
Basin AEF AEF Upper AEP Lower - - 100 150 200 250 300 i}
(2dhr, 7 Ihr) {24hr, T2hr) {24hr, 7 2hr) (24 hr, T 2hr) 24-Hour PMP (rmm)
Study site 11.5 167 107 10°¢ 10% 10 10 “ ;e!-DZ S ‘IIe!DS o 1Ie!08 S e
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What About Climate Change and PMP

113°30W 113°W 112°30'W 112°W 111°30'W 111°W
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~200km ~100km ~25km

Global and Regional Climate Model Resolution

e Regional downscaled models-CMIP6
e Which emissions scenarios
* Need baseline climate to understand changes and uncertainty

e Evaluate with different methods
— Trend
— Frequency
— Moisture maximization
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How Do We Communicate Likely Outcomes?

U . . f SSP45 SSP85
ncertal n_ty In context o Mean Median 10th 90th | Mean Median 10th 90th
current climate Temperature 1-Day; C 28 28 17 38 | 63 65 42 80
How do the ensemble Temperature 1-Day Summer; C 2.8 2.8 1.7 3.8 6.3 6.5 41 8.0
model outputs compare TenTpfera.ture 1-Day Winter PF; C 3.0 3.2 1.9 3.9 6.6 6.4 5.0 8.8
*Precipitation 1-Day PF; % 12 9 -1 27 14 13 0 25
to each other Precipitation 1-Day Summer PF; % 8 12 6 19 12 12 4 28
What are the ra nges and Precipitation 1-Day Winter PF; % 13 12 -1 26 18 20 3 34
skew of the projections *PreciF)'rt-ati?n 3-Day PF; % 23 18 1 37 29 24 3 63
Precipitation 3-Day Summer PF; % 15 9 -7 49 20 19 -7 47
What is the current Precipitation 3-Day Winter PF; % 20 21 -6 45 29 28 2 60
design of the TSF and Precipitation 30-Day PF; % 14 13 -4 27 21 20 -1 48
: Precipitation 90-Day PF; % 15 13 -2 32 19 17 -1 41
what is your future Precigitation AnnuaIyPF; % 10 10 -5 27 15 11 0 34
needs? Moisture Maximization 1-Day, % No Change No Change
Moisture Maximization 3-Day; % No Change No Change

What are the regulatory
requirements?
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Applied Weather Associates
billkappel@appliedweatherassociates.com
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