




Climate Model Background
! B%34'-)0"&'C=&)*%&?$"=,)7%&D'4%1'
,119"1?97;7)<71?"$$)$1?973"$.%,7.5

! E73)$$"3.'$"6&,3%.,)7')8'%.-)164"$,3'6$)3"11"1
! E7%*,&,.5'.)'79-"$,3%&&5'F9%7.,85'3"$.%,7'6$)3"11"1
! G7;7)<7'6)1,.,#"?7"=%.,#"'8""0*%3;1
! E7%339$%."')*1"$#%.,)7%&?=$,00"0'0%.%
! H9.9$"'(I('3)73"7.$%.,)71
! A)<713%&,7='."347,F9"1
! J%.9$%&'#%$,%*,&,.5')8'3&,-%."'151."-
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Climate Model Projections Used
! 1) CanESM2 CanRCM4

! Canadian Earth System Model (CanESM)
! Canadian Regional Climate Model (CanRCM)

! !"#$%&"'()*+,-.,,+(/01$2(342(5!2(0&6##7
! 890:+(.,,;-.),,(/01$2(342(5!2(0&6##7
! 890<+(.,,;-.),,(/01$2(342(5!2(0&6##7

! 2) CanESM2 CRCM5
! Canadian Earth System Model (CanESM)
! Canadian Regional Climate Model (CRCM)

! !"#$%&"'()*+)-.,,+(/01$2(342(5!2(0&6##7
! 890:+(.,,;-.),,(/01$2(342(5!2(0&6##7
! 890<+(.,,;-.),,(/01$2(342(5!2(0&6##7

! 3) MPI ESM LR CRCM5
! Max-Planck-Institute Earth System Model running on Low Resolution grid (MPI ESM LR)
! Canadian Regional Climate Model (CRCM)

! !"#$%&"'()*+)-.,,+(/01$2(342(5!2(0&6##7
! 890:+(.,,;-.),,(/01$2(342(5!2(0&6##7
! 890<+(.,,;-.),,(/01$2(342(5!2(0&6##7
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Climate Model (MPI ESM LR CRCM5)
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Climate Change Analysis Methods
! 1) Trend Analysis for 1-day, 90-day, and Annual

! Station Data
! Model projections (Historic, RCP45, RCP85)

! 2) Precipitation Frequency Analysis for 1-day (Ppt, Summer, Winter), 90-day, and 
Annual

! Model projections (Historic, RCP45, RCP85)
! Estimate PF for 1-year through 10000-year
! Quantify changes

! 3) Ppt!"# Analysis for 1-day and 3-day
! Derive model projection monthly Td climatologies  (Historic, RCP45, RCP85)
! Perform storm maximization of top 30 Ppt events (Historic, RCP45, RCP85)
! Estimate Ppt"#$ values through storm maximization process
! Quantify changes 9









1. Station/Projection Trend (1-day) – Model 1
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*** 1-Day Precipitation
10yr 50yr 100yr 1000yr 10000yr Average

Historical !"! #"# #"$ %"& '"' ( ( ( ( (
RCP-45 !"# #"! #"% )"* '"% +,+- *$- *'- *#- +,,- 98%
RCP-85 !"$ )", )"% '"% +,"+ ++#- ++)- ++%- +&!- +!&- 120%

*** 1-Day Summer
10yr 50yr 100yr 1000yr 10000yr Average

Historical !"! #"# #"* %"# '"* ( ( ( ( (
RCP-45 !"! #"& #"% )"$ %"$ +,+- *'- *)- *,- $%- 94%
RCP-85 !"% #"' )"+ %"' $"! +,*- +,%- +,%- +,)- +,)- 106%

*** 1-Day Winter
10yr 50yr 100yr 1000yr 10000yr Average

Historical &"+ &"% &"$ !"# !"* ( ( ( ( (
RCP-45 &"' !"# !"' #"% )") +&%- +!,- +!&- +!%- +#,- 133%
RCP-85 !"+ #"+ #") )"$ '"+ +#$- +)$- +%&- +'&- +$+- 164%

Pct Change

Pct Change

Pct Change

2. Frequency Analysis (CanESM2 CanRCM4)

19
+++ values represent 1-day not 24-hour

! '(#")+1(232456+7849:45;)+<5"=)>?>+V$%&'()*+,-!!&%*+.(/0&%W
% @#456?A?;"6?35+3A+B83C"C?=?6)+D?>68?C:6?35
% E33#54>>(3A(A?6+24">:84>+
% 1(232456+F"6?3+D?"G8"2

& HI4+84G?35"=+J4?GI64#+"K48"G4+1(LM4J54>>+"5#+1(
N:863>?>++645#+63+C4+54"8+6I4+EOP+#?>68?C:6?35

% D48?K"6?35+3A+Q5;486"?56)+C3:5#>
& R3564(S"8=3+>?2:="6?35

% B3?56+P"=:4+<55:"=+OT;44#"5;4+O>6?2"64>
% S32U"84#+'-(*+0-(*+'--(*+'---(*+"5#+'----()4"8+<OB>

Precip WinterSummer



!!!"#$%&'"()*+,-,.&.,/0
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 !"# !"$ %"& '"( )"! * * * * *
9:($;2 !"& !"+ %"# %"$ '"( &#!, --, -+, -(, $(, <2=
9:($>2 !"& !"$ %"& '"( )"( &#', &#(, &#&, --, -$, #1#=

!!!"#$%&'"?@AA*)
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 ("' !"! !") %") '"+ * * * * *
9:($;2 ("% !"( !") '"( +"( -', --, &#(, &&!, &($, #1B=
9:($>2 ("' !"& !"% %"! '"& -$, -), -', -!, -#, <;=

!!!"#$%&'"C,0.*)
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 (") !"! !") %") '"' * * * * *
9:($;2 ("- !"' !"+ %"! %"$ &&&, &#', &#!, -', $$, #11=
9:($>2 !"# !"$ %"& '"( )"! &&), &&', &&', &&%, &&%, ##2=

(+.":D&05*

(+.":D&05*

(+.":D&05*

2. Frequency Analysis (CanESM2 CRCM5)

20
+++ values represent 1-day not 24-hour

! '(#")+1(232456+7849:45;)+<5"=)>?>+V$%&'()*+,-!!&%*+.(/0&%W
% @#456?A?;"6?35+3A+B83C"C?=?6)+D?>68?C:6?35
% E33#54>>(3A(A?6+24">:84>+
% 1(232456+F"6?3+D?"G8"2

& HI4+84G?35"=+J4?GI64#+"K48"G4+1(LM4J54>>+"5#+1(
N:863>?>++645#+63+C4+54"8+6I4+EOP+#?>68?C:6?35

% D48?K"6?35+3A+Q5;486"?56)+C3:5#>
& R3564(S"8=3+>?2:="6?35

% B3?56+P"=:4+<55:"=+OT;44#"5;4+O>6?2"64>
% S32U"84#+'-(*+0-(*+'--(*+'---(*+"5#+'----()4"8+<OB>

Precip WinterSummer



!!!"#$%&'"()*+,-,.&.,/0
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 !"# $"# $"% &"' ("' ) ) ) ) )
9:($;2 !"$ $"( %"$ ("* +"$ **$, *'#, *'', *!*, -#, ##2<
9:($=2 !"' $"$ %"# +"$ **"# *#+, **#, **', *'#, *!!, ##><

!!!"#$%&'"?@AA*)
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 !"# $"# $"$ %"- +"% ) ) ) ) )
9:($;2 !"$ $"( %"% ("* **"$ **!, *'#, *'$, *!+, *%', #BC<
9:($=2 !"' $"' $"+ &"& ("+ *#&, *#+, *#(, ***, **%, #1C<

!!!"#$%&'"D,0.*)
#1') 21') #11') #111') #1111') 34*)&5*

6,7./),+&8 '"* '"+ !"# $"# %"# ) ) ) ) )
9:($;2 '"$ !"* !"$ $"% %"+ **%, **$, **$, **$, **$, ##;<
9:($=2 '"% !"' !"% $"& %"- **+, **&, **&, **+, **-, ##E<

(+.":F&05*

(+.":F&05*

(+.":F&05*

2. Frequency Analysis (MPI ESM LR CRCM5)

21
+++ values represent 1-day not 24-hour

! '(#")+1(232456+7849:45;)+<5"=)>?>+V$%&'()*+,-!!&%*+.(/0&%W
% @#456?A?;"6?35+3A+B83C"C?=?6)+D?>68?C:6?35
% E33#54>>(3A(A?6+24">:84>+
% 1(232456+F"6?3+D?"G8"2

& HI4+84G?35"=+J4?GI64#+"K48"G4+1(LM4J54>>+"5#+1(
N:863>?>++645#+63+C4+54"8+6I4+EOP+#?>68?C:6?35

% D48?K"6?35+3A+Q5;486"?56)+C3:5#>
& R3564(S"8=3+>?2:="6?35

% B3?56+P"=:4+<55:"=+OT;44#"5;4+O>6?2"64>
% S32U"84#+'-(*+0-(*+'--(*+'---(*+"5#+'----()4"8+<OB>

Precip WinterSummer



3. PMP Ratio Analysis

! Q:2;.$20'!"#$%'$1#'*"#$%'Ppt*'- E/4'2/V'*)'!"#$%'$1#'*"#$%'
V407;V;2$2;/1'0M012:

% Extracted top 30 precipitation events (P) and associated meteorological 
data

% Deive monthly dew point (td) climatologies (Historic, RCP45, RCP85)
% Quantified each storm events precipitable water (Pobs)
% Quantified each storm events climatological maximum precipitable water 

(Pw_100)
% Calculated each storm events maximization factor                                                

% (r = PW_100 / PW_obs)
% Estimated Ppt"12 (~PMP) value for each event (P * r)
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3a. Td Analysis (CanESM2 CanRCM4)

! S"=;:="64+2356I=)+#4J+U3?56+642U48"6:84+VH#W+'--()4"8+;=?2"63=3G)
% "==+2356I>+I"K4+>?2?="8+>I"U4X>4">35"=?6)+

& 6I4+3(405%(' I">+="8G4>6+8"5G4
% Y?>638?;+<K48"G4+Z /[\0+7
% FSB[0+<K48"G4+Z /]\0+7+
% FSB]0+<K48"G4+Z ^_\_+7
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666 =>=(.:-?%@&(),,-A64&(3B(9C"D4$%C%EA(/E%CB72("#(#"D"C4&("F(#@DD6&(4FB(C%G6&("F(G"F$6&($?4F(
?"#$%&"'(1&%H6'$"%F



3a. Td Analysis (CanESM2 CRCM5)

! S"=;:="64+2356I=)+#4J+U3?56+642U48"6:84+VH#W+'--()4"8+;=?2"63=3G)
% "==+2356I>+I"K4+>?2?="8+>I"U4X>4">35"=?6)+

& 6I4+78$9: I">+="8G4>6+8"5G4
% Y?>638?;+<K48"G4+Z /_\0+7
% FSB[0+<K48"G4+Z //\^+7+
% FSB]0+<K48"G4+Z /]\,+7
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666 =>=(.:-?%@&(),,-A64&(3B(9C"D4$%C%EA(/E%CB72("#(E&64$6&("F(#@DD6&(4FB(C%G6&("F(G"F$6&($?4F(
?"#$%&"'(1&%H6'$"%F



3a. Td Analysis (MPI ESM LR CRCM5)

! S"=;:="64+2356I=)+#4J+U3?56+642U48"6:84+VH#W+'--()4"8+;=?2"63=3G)
% "==+2356I>+I"K4+>?2?="8+>I"U4X>4">35"=?6)+

& 6I4+78$9: I">+="8G4>6+8"5G4
% Y?>638?;+<K48"G4+Z /_\_+7
% FSB[0+<K48"G4+Z /[\-+7+
% FSB]0+<K48"G4+Z //\.+7
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666 =>=(.:-?%@&(),,-A64&(3B(9C"D4$%C%EA(/E%CB72("#(E&64$6&("F(#@DD6&(4FB(C%G6&("F(G"F$6&($?4F(
?"#$%&"'(1&%H6'$"%F



!"#$%& '()* !+#,-.%)/0 !"#%12 '()* 3%)4 !+#,-.%)/0
5(6#73(+%8 5.3 - 5(6#73(+%8 7.3 2 -
9-!:; 5.7 108% 9-!:; 8.6 1 118%
9-!<; 6.9 130% 9-!<; 10.3 1 141%

-%)=>?@,-%)9-?:

3b. Pptmax Analysis (CanESM2 CanRCM4)

! O>6?2"64+;<1"= $)0adj A38++63U+.-+'(#")+U84;?U?6"6?35+4K456>
% OT68";64#+63U+.-+U84;?U?6"6?35+4K456>+V$W+"5#+">>3;?"64#+

2464383=3G?;"=+#"6"
% `:"56?A?4#+4";I+>6382+4K456>+U84;?U?6"C=4+J"648+V$5>4W
% `:"56?A?4#+4";I+>6382+4K456>+;=?2"63=3G?;"=+2"T?2:2+

U84;?U?6"C=4+J"648+V$?@;AAW
% S"=;:="64#+4";I+>6382+4K456>+2"T?2?a"6?35+A";638+++++++++++++++++++++++++++++++++++++++++++++++++++

V%+B+$.@;AA+C+$.@5>4W
% O>6?2"64#+$)0adj K"=:4+A38+4";I+4K456+V$+6+%D
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+++ values represent 1-day not 24-hour

Pptmax Top 30 Events

Pptadj of Top 30 Events





Pptmax (in) Pct Change Pptadj (in) rank Pct Change
Historical 4.4 - Historical 6.6 1 -
RCP45 5.5 125% RCP45 8.3 1 126%
RCP85 4.5 102% RCP85 6.7 1 102%

MPI ESM LR CRCM5

3b. Pptmax Analysis (MPI ESM LR CRCM5)

! O>6?2"64+;<1"= $)0adj A38++63U+.-+'(#")+U84;?U?6"6?35+4K456>
% OT68";64#+63U+.-+U84;?U?6"6?35+4K456>+V$W+"5#+">>3;?"64#+

2464383=3G?;"=+#"6"
% `:"56?A?4#+4";I+>6382+4K456>+U84;?U?6"C=4+J"648+V$5>4W
% `:"56?A?4#+4";I+>6382+4K456>+;=?2"63=3G?;"=+2"T?2:2+

U84;?U?6"C=4+J"648+V$?@;AAW
% S"=;:="64#+4";I+>6382+4K456>+2"T?2?a"6?35+A";638+++++++++++++++++++++++++++++++++++++++++++++++++++

V%+B+$.@;AA+C+$.@5>4W
% O>6?2"64#+$)0adj K"=:4+A38+4";I+4K456+V$+6+%D
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+++ values represent 1-day not 24-hour

Pptmax Top 30 Events

Pptadj of Top 30 Events



4. Summary (Trend Analysis)
8 Station data (1 day) (Annual)

9 8 -no trend, 3 increasing (1-day)
9 4 -no trend, 7 increasing (Annual)

8 1-day 
9 Historic – 3 no trend
9 RCP45 – 3 no trend
9 RCP85 - 2 no trend and 2 increasing trend

8 90-day
9 Historic – 3 no trend
9 RCP45 – 3 no trend
9 RCP85 - 1 no trend and 2 increasing trend

8 Annual 
9 Historic – 2 no trend and 1 increasing trend
9 RCP45 – 3 no trend
9 RCP85 - 1 no trend and 2 increasing trend 29



4. Summary (Precipitation Frequency Analysis)
8 1-day (rcp45 to rcp85)

9 Max = 115% to 120%
9 Min 95% to 101%
9 Range = 20% to 19%

9 Average = 103% to 112%

8 90-day
9 Max = 117% to 124%
9 Min 103% to 109%
9 Range = 14% to 15%
9 Average = 117% to 124%

8 Annual 
9 Max = 116% to 128%
9 Min 91% to 96%
9 Range = 25% to 32%
9 Average = 102% to 109%

30

8 1-day Summer (rcp45 to rcp85)
9 Max = 129% to 109%
9 Min 94% to 94%
9 Range = 35% to 15%

9 Average = 110% to 103%

8 1-day Winter (rcp45 to rcp85)
9 Max = 133% to 164%
9 Min 100% to 115%
9 Range = 33% to 49%
9 Average = 116% to 132%









Questions

34

Doug Hultstrand 
Senior HydroMeteorologist
Applied Weather Associates

dhultstrand@appliedweatherassociates.com
720-771-5840

!"##$%&''(#$
Chief Meteorologist 

Applied Weather Associates
billkappel@appliedweatherassociates.com

719-488-4311



Climate Model Background
! :%$,)91'$"1"%$34'=$)961'3)7093.'3&,-%."'34%7="'-)0"&,7=

! !4%$"'0%.%'#,%'+/EOS'=$)96
! G.,&,K"'1%-"'$"F9,$"-"7.1'.)'-%;"'"%34'-)0"&'3)-6%$%*&"
! TU'0,88"$"7.'=$)961',7'+/EOS

! >"6$"1"7.%.,#"'+)73"7.$%.,)7'O%.4<%5'C>+OD
! >+O'%33)97.'8)$'97;7)<7'89.9$"'(I('"-,11,)71

! >+O'13"7%$,)1'91"0'%1'*)970%$5'3)70,.,)71'8)$'+/EOS'(+/1'
! +)--)7&5'91"'>+O'VWS'%70'XWS
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Climate Model Projections/Output

! :+;<,=>0;-/&$+,&+,.$>0?,&>;&>,@A,+$>4+,/&$-#&/,$&.,?,./&0-&>B,&
.$>,"CD>B&>;&,$+.%"C!/>&=,->4+0,/&1!EF6GCDD7&$?,+$H,3I&
*,@A,+$>4+,&A+;<,=>0;-/&=$-&J,&=;-?,+>,#&>;&$&+,K,+,-=,&A,+0;#&
;K&!F7DG!EDD&;+&!EFDGEE&J%&$##0-H&DI6!&;+&DI!!&LMN&
+,/A,=>0?,.%

! *B,&RCP 4.5 /=,-$+0;&0/&$&/>$J0.0O$>0;-&/=,-$+0;N&PB0=B&@,$-/&
>B,&+$#0$>0?,&K;+=0-H&.,?,.&/>$J0.0O,/&$>&QI7&RS@C&J,K;+,&C!DD&J%&
,@A.;%@,->&;K&$&+$-H,&;K&>,=B-;.;H0,/&$-#&/>+$>,H0,/&K;+&
+,#4=0-H&H+,,-B;4/,&H$/&,@0//0;-/I

! *B,&RCP 8.5 ,@0//0;-/&/=,-$+0;&>B,&+$#0$>0?,&K;+=0-H&.,?,.&
+,$=B,/&FI7&RS@C&=B$+$=>,+0O,#&J%&0-=+,$/0-H&H+,,-B;4/,&H$/&
,@0//0;-/&;?,+&>0@,&+,A+,/,->$>0?,&K;+&/=,-$+0;/&0-&>B,&.0>,+$>4+,&
.,$#0-H&>;&B0HB&H+,,-B;4/,&H$/&=;-=,->+$>0;-&.,?,./I
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1. Trend Analysis (MPI ESM LR CRCM5)

42

Historical 1-day Historical 90-day Historical 365-day

RCP45 365-dayRCP45 90-dayRCP45 1-day



1. Trend Analysis (MPI ESM LR CRCM5)
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RCP85 1-day RCP85 90-day RCP85 365-day



1. Station/Projection Trend (1-day) – Model 1
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1. Station/Projection Trend (1-day) – Model 1
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1. Station/Projection Trend (1-day) - Model 1
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1. Station/Projection Trend (1-day) - Model 2
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1. Station/Projection Trend (1-day) - Model 2
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1. Station/Projection Trend (1-day) - Model 3
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1. Station/Projection Trend (Annual) – Model 1
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1. Station/Projection Trend (Annual) – Model 1
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1. Station/Projection Trend (Annual) – Model 2
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1. Station/Projection Trend (Annual) – Model 3
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1. Station/Projection Trend (Annual) – Model 3

60



1. Station/Projection Trend (Annual) – Model 3
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Pptmax (in) Pct Change Pptadj (in) rank Pct Change
Historical !"# $ Historical %"# & $
RCP45 '"' #&!( RCP45 ##"! # #&'(
RCP85 )"% #*!( RCP85 #+"+ # #*!(

MPI ESM LR CRCM5

3b. Pptmax Analysis (MPI ESM LR CRCM5)

! O>6?2"64+E<1"= $)0adj A38++63U+.-+.(#")+U84;?U?6"6?35+4K456>
% OT68";64#+63U+.-+U84;?U?6"6?35+4K456>+V$W+"5#+">>3;?"64#+

2464383=3G?;"=+#"6"
% `:"56?A?4#+4";I+>6382+4K456>+U84;?U?6"C=4+J"648+V$5>4W
% `:"56?A?4#+4";I+>6382+4K456>+;=?2"63=3G?;"=+2"T?2:2+

U84;?U?6"C=4+J"648+V$?@;AAW
% S"=;:="64#+4";I+>6382+4K456>+2"T?2?a"6?35+A";638+++++++++++++++++++++++++++++++++++++++++++++++++++

V%+B+$.@;AA+C+$.@5>4W
% O>6?2"64#+$)0adj K"=:4+A38+4";I+4K456+V$+6+%D
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+++ values represent 3-day not 72-hour

Pptmax Top 30 Events

Pptadj of Top 30 Events




