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PMP Development History
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● Statewide studies a big part of the mix

● What’s next
K PRECIP act

K Public-Private partnership

L Updates

L Storage

L Access

Overall PMP Development Today and What’s Next
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AWA Statewide Project Locations
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MI-WI were first way back in 1993-the 
genesis of AWA







HMR Storm Database
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HMR Storm Database
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AWA SPAS Storm Database
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● Nearly 1000 
storms analyzed

● Provide 
numerous 
outputs 

! For PMP

! Hydro 
Calibration

! Temporal/Spatial

! ARFs



AWA Statewide Output Examples-East
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AWA Statewide Output Examples-East
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● Huge amounts of data/results over time

● Web interface for all studies for consistency 

● No need desktop GIS

○ Corrects version control

○ Incorporate updates and improvements for all states

○ Include new storms

○ Include updated methods/climate data

● Provide consolidated support and maintenance

● Continually updated storm database

Statewide Projects-Now and What’s Next
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AWA Web PMP Tool Example
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Climate Change, PMP, and Dam Safety
● So what’s next?  Does PMP change in a changing climate?











2) “Within Uncertainty” Term
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● The meaning of “within uncertainty” for this analysis

● Multiple sources of uncertainty and varying ranges of uncertainty
● "#$%&'()*&+,&-./+&01213#3145

● Point measurement 5 to 15% percent for long-term series, and as high as 75% for individual storm events

● 6+&7$&508.95#:8*1*.
● Typically, 24-hour 100-year error bounds are approximately +/-18%

● ;:1<#3&./+4=&03145*
● Regional Models can be quite large 20 to >50%

● />/.?34+<.@5A2:#0&.>#B1<1C#3145.6#034+.
● Range between 5 and 30%, with an average around 20%

● Consider +/- 20% to be within uncertainty of the analysis results.



AWA Climate Change Study Locations
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CMIP6 Climate Model Projections-NJ Example
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NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP-CMIP6)

● M.&0($.=$BR$:('30&*$3.9*(+

● @$3.9*(+$9'9$4.&$N06*$0(($90&0
● (6) Missing years and/or variables 
● (3) 30-days per month 

● S+*9$FE$3.9*(+$.4$90'(1$&'3*$+&*<
● Temperature
● Relative humidity
● Precipitation

Region# Basin Domain
NJ_Region_1 !"#$%&' ()*+,-./(*/0,-(+*/0,-./(*0
NJ_Region_2 123$%4 ()*+,-./(*0,-(+*/0,-./(*+
NJ_Region_3 546-732849,-:&242$3;,-<$%;=>"9#6$ (+*/0,-./(*/0,-(+*+,-./(*+
NJ_Region_4 ?4$3@4 (+*+,-./0*A0,-BC*A0,-./(*0



Model # MODEL NAME HISTORICAL SSP45 SSP85 HISTORICAL SSP45 SSP85 HISTORICAL SSP45 SSP85

! "##$%%&#'( !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

( "##$%%&$%'!&* !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

, #-.$%'* !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

* #$%'(&/"##' !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

0 #$%'( !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

1 #'##&#'(&%2* !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

3 #'##&$%'( !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

) #42'&#'0&! !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!+ #42'&$%'(&! !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!! $#&$-5678&9:;&<2 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!( $#&$-5678 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!8 =>?"<%&;8 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!, >=@<&#',A;5! !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!* >=@<&#',A;5( !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!0 >=@<&$%', !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

!1 >B%%&$(&!&> !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(! B4'&#',&3 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(( B4'&#'*&+ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(8 BC%<&#'0"&<2 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(0 'B2?#&$%(< !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(1 'B2?#0 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

(3 'CB&$%'!&(&D2 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

() 'CB&$%'!&(&<2 !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

8+ '2B&$%'(&+ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

88 4E5$%'(&'' !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

8, F-G$%'! !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++ !)*+&(+!, (+!*&(!++ (+!*&(!++

Relative Humidity (hurs) Precipitation (pr) Temperature (tas)

Climate Model Projections Used
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● FE$3.9*(+$.4$90'(1$&'3*$+&*<
● Temperature (tas)
● Relative humidity (hurs)
● Precipitation (pr)





Climate Change Analysis Methods
● 1) Trend Analysis D4+.EA-#8F.GA-#8F.#5-.955$#:

● >4-&:.2+4=&03145*.HI1*34+10F.??/JKF.??/LKM
● 9::.?&#*45F.?$<<&+F.N153&+

● 2) Monthly Analysis
● >4-&:.2+4=&03145*.HI1*34+10F.??/JKF.??/LKM
● /+&01213#3145.#5-.3&<2&+#3$+&

● G) Precipitation Frequency Analysis D4+.EA-#8F.GA-#8F.#5-.955$#:
● 9::.?&#*45F.?$<<&+F.#5-.N153&+
● >4-&:.2+4=&03145*.HI1*34+10F.??/JKF.??/LKM
● O*31<#3&./6.D4+.EA8&#+.3P+4$%P.EQQQA8&#+
● R$#531D8.0P#5%&*
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Climate Model Trend Results
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Precipitation Temperature
1-day 3-day Annual 1-day 

Historic
24 – no trend
1 – increase
1 – decrease

26 – no trend
0 – increase
0 – decrease

26 – no trend
0 – increase
0 – decrease

7 – no trend
19 – increase
0 – decrease

SSP45
20 – no trend
6 – increase
0 – decrease

18 – no trend
4 – increase
0 – decrease

17 – no trend
9 – increase
0 – decrease

1 – no trend
25 – increase
0 – decrease

SSP85
11 – no trend
15 – increase
0 – decrease

14 – no trend
12 – increase
0 – decrease

4 – no trend
22 – increase
0 – decrease

0 – no trend
26 – increase
0 – decrease



Frequency Analysis (L-moments)

● EA-#8F.GA-#8F.GSKA-#8.TA<4<&53.6+&7$&508.95#:8*1* HI1*34+10F.??/JKF.??/LKM
● 9::./+&01213#3145F.?$<<&+F.N153&+

○ @-&531D10#3145.4D./+4)#)1:138.U1*3+1)$3145
○ "44-5&**A4DAD13.<&#*$+&*.
○ TA<4<&53.V#314.U1#%+#<

■ WP&.+&%145#:.X&1%P3&-.#,&+#%&.TA?Y&X5&**.#5-.TAZ$+34*1*..3&5-.34.)&.
5&#+.3P&."O[.-1*3+1)$3145

○ U&+1,#3145.4D.\50&+3#1538.)4$5-*
■ >453&A0#+:4.*1<$:#3145

○ /4153.[#:$&.955$#:.OB0&&-#50&.O*31<#3&*
○ ;4<2#+&.EQAF.KQAF.EQQAF.KQQAF.#5-.EQQQA8&#+.9O/*
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Climate Model (Model 1)

28



*** 365-Day
10yr 50yr 100yr 500yr 1000yr Average

Historical 1379 1462 1486 1526 1538 - - - - -
SP45 1517 1626 1658 1708 1722 110% 111% 112% 112% 112% 111%
SP85 1571 1691 1728 1792 1812 114% 116% 116% 117% 118% 116%

Pct Change

Frequency Analysis (Model 1 Example)
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*** 1-Day Precipitation
10yr 50yr 100yr 500yr 1000yr Average

Historical !"#$ %&#' $"(#) $($#$ $**#( + + + + +
SP45 !(#! %"#! %!#) $$&#) $$'#) $"), %', %*, '-, '&, 93%
SP85 !-#$ %%#$ $"%#% $(!#- $)"#% $"', $"!, $"-, $"), $"), 106%

*** 1-Day Summer
10yr 50yr 100yr 500yr 1000yr Average

Historical )-#* %&#* $$*#( $''#$ &((#* + + + + +
SP45 -(#' %$#( $"*#' $*$#* $)%#! $$(, %%, %&, !), -', 89%
SP85 -&#& %(#% $$$#( $-(#) $%&#* $$", $"&, %!, '!, '&, 96%

*** 1-Day Winter
10yr 50yr 100yr 500yr 1000yr Average

Historical -$#" !"#- !(#% '"#$ '&#( + + + + +
SP45 --#% '$#- '!#* %%#' $"*#' $$", $$-, $$', $&), $&!, 119%
SP85 -%#- '*#) %"#- $"*#( $"%#% $$*, $&", $&(, $(", $(*, 124%

Pct Change

Pct Change

Pct Change

*** 3-Day Precipitation
10yr 50yr 100yr 500yr 1000yr Average

Historical !"#$! !#%$# !&'$' !()$! *"*$+ , , , , ,
SP45 !!"$* !#+$% !&($+ !+#$+ !(&$* !"+- !"*- ''- '#- '!- 98%
SP85 !*"$! !%+$% !+&$! *!&$( *##$* !!)- !!)- !!)- !!%- !!%- 116%

*** 3-Day Summer
10yr 50yr 100yr 500yr 1000yr Average

Historical ()$' !##$* !)"$# *&+$+ *''$# , , , , ,
SP45 ')$* !*($( !&#$% !("$" !')$( !!!- '+- '"- +#- ))- 87%
SP85 ''$* !&*$! !)#$' **&$% *%%$+ !!&- !"+- !"*- '!- (%- 100%

*** 3-Day Winter
10yr 50yr 100yr 500yr 1000yr Average

Historical '!$' !*#$) !#($' !+'$) !''$+ , , , , ,
SP45 !"!$" !#"$* !&*$( !+*$# !(%$* !!"- !"%- !"#- ')- '#- 101%
SP85 !!"$" !&)$# !)#$# *")$( **+$% !*"- !!(- !!(- !!%- !!&- 117%

Pct Change

Pct Change

Pct Change





Summary Precipitation Frequency

31*** Frequency based results, 26 RCM
+++ Boxplots based on these data

K 1-day (sp45; sp85)
L All = -4%; 3%
L Summer = -1%; 4%
L Winter = 8%; 11%

K 3-day
L All = 3%; 7%
L Summer = -5%; 9%
L Winter = 11%; 17%

K Annual
L All = 9%; 14%



Summary Annual Temperature and Precipitation
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*** Climatology, based on 26 RCM

K Annual Climatology (temp, ppt)
L Historical = 10.6 C; 1220 mm
L SSP45 = 13.2 C; 1325 mm (2.6 C; 109%)
L SSP85 = 14.1 C; 1347 mm (3.5 C; 110%)



Mean Median Min Max Mean Median Min Max
Temperature 1-Day; C 2.5 2.4 0.6 7.5 5.6 4.9 3.5 13.4
   Temperature 1-Day Summer; C 2.5 2.4 0.6 7.5 5.6 4.9 3.5 13.4
   Temperature 1-Day Winter PF; C 2.4 2.4 1.0 4.2 5.4 5.5 3.1 8.2
Precipitation 1-Day PF; % -1 -4 -35 39 2 3 -29 45
   Precipitation 1-Day Summer PF; % 4 -1 -31 134 6 4 -29 87
   Precipitation 1-Day Winter PF; % 9 8 -9 36 10 11 -14 37
Precipitation 3-Day PF; % 5 3 -27 55 11 7 -20 52
   Precipitation 3-Day Summer PF; % 3 -5 -32 68 13 9 -21 69
   Precipitation 3-Day Winter PF; % 14 11 -18 63 15 17 -18 37
Precipitation Annual PF; % 9 9 -3 20 14 14 3 26

SSP45 SSP85

Application of Climate Change Results
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Climate Change Projections from 2015 through 2100

Annual Maximum/Frequency Analysis



Application of Climate Change Results
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● Results are presented as median values based on model ensemble

● Design Storm and Routing Applications
● #*:.33*49$TT,VR$:('30&*$+:*40-'.$0+$W('8*(1XC$TT,DR$0+$W%4('8*(1X$

● Results are through 2100 and can be scaled to other periods 
● YZ03<(*C$=.-$FGRG$09[%+&3*4&$+:0(*$F?GG$-*+%(&+$/1$G\R@\

Climate Change Projections from 2015 through 2100

2050 2100
1-Day Summer PF; % -1 -1
1-Day Winter PF; % 5 8
3-Day Summer PF; % -3 -5
3-Day Winter PF; % 7 11






