Climate and Colorado’s Water Future

Nolan Doesken
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First — Some History of the
Colorado Climate Center

e In 1973 the federal government abolished the
“State Climatologist” program nationwide
leaving Colorado without

e |ater that same year, Colorado established the
Colorado Climate Center at Colorado State
University with support through the Colorado
Agricultural Experiment Station.
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Our Mission

e The Colorado Climate Center at CSU
provides valuable climate expertise to
the residents of the state through its
threefold program of:

1) Climate Monitoring (data
acquisition, analysis, and archiving),

2) Climate Research

3) Climate Services.(providing data,
analysis, climate expertise, education
and outreach)



Topics for today

e Where our data come from
e Colorado Climate Basics
e Observed trends
-- temperatures
-- growing season length
-- precipitation
-- drought
-- snowpack

Summary



Systematic weather data

collection began in Colorado in the
1870s and 1880s
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Weather reports began on Pikes Peak in 1873
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T - Credit: NOAA Photo Library
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Reports were sent by telegraph every few hours

Stories abounded in the national media of the rigors of Colorado Climate
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Precipitation Amount (inches)
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The semiarid and highly variable nature
of Colorado was identified quickly --
in many ways similar to today..

Denver Monthly Precipitation (1872 - 1885)
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Thanks to the National Weather Seg/rvifce for
faithfully maintaining the Cooperative
Observer Network since 1890
Our hlstorlc baseline for temperature and
preupita.tlon‘

Photo by Christopher Davey “ " . ..h ,S.
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Monitoring our Cglimate
“’:'é;r"" W
e Elements: temperature, preC|p|t tlo fgled
wind, solar, evaporation, sqi t8npefa ‘3 3o~ o

. E B

humidity, clouds, etc. N ;

“rt Collins CSU Historj¢ Weather Station .k‘

Continuous monitoring*since the 1880s



NWS COOPERATIVE Network ~2010
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Thanks to the USDA Natural
Resources Conservation
Service for our snow data




Snow surveys began in the 1930s to
help predict seasonal streamflow
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Porpyry Creek Snotel Daily Snow Water Equivalent
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CSU’s Colorado Agricultural
Meteorological Network
“"CoAgMet”

~ THANKS!! to those of
You who help support
CoAgMet




The DATA help tell the STORY
of what we think our climate is




‘s step back

So let




Where we are on the planet
controls much about our cllmate
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Wha;, Makes Qu»r

- Colore 1do Cllmate

ngh elevatlon (hlgh
far) -
- Mid- Latltude locatlon (Ilvely

«seasonal chan,ggs)

° Interlor Contlriental deatlon far
from mmsture o] e ol |

. Complex Mougtam

"- Solar energy
_drive our cllmate
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What have we
learned from 125
years of continuous
_climate monitoring?
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Colorado Is a sunny

People like sunshine!
So does vegetation - to a point.




Wind Power Classification
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http://hint.fm/wind/index.html
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http://hint.fm/wind/index.html
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http://ccc.atmos.colostate.edu/~hail/cool/art/images/leaves1-5-24-2002_jpg.jpg
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The annual cycle of
Colorado Temperatures

Average Monthly Temperature

=== as Animas Maximum = 4= Las Animas Minimum === Pueblo Maximum = @& Pueblo Minimum

—@— Buena Vista Maximum = B = Buena Vista Minimum == Climax Maximum = * = Climax Minimum




But this is how dally weather, over time, defines our climate

Colorado Springs Daily Max/Min Temperature and
Normal

Max Temperature Normal Max Temp Min Temperature Normal Min Temp
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Complex temperature variations
due to elevation and topography

Maximum Temperatures Joanuary Climatelogy 1971 -200H0)
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http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmax/Normals/us_tmax_1971_2000.01.png&year=1971_2000&vartype=tmax&month=01&status=final&zoom=yes
http://www.prism.oregonstate.edu/products/viewer.phtml?file=/pub/prism/us_30s/graphics/tmax/Normals/us_tmax_1971_2000.07.png&year=1971_2000&vartype=tmax&month=07&status=final&zoom=yes

With some nice anomalies from time to time

Departure from Normal Temperature (F)
2/1/2017 - 2/19/2017
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Generatad 2/20/2017 at HPRCC using provisional data. Reqicnal Climate Centers



USDA Plant Hardiness Zone Map

Rescarch )
Sexvice

Mapping by the

PRISM Climate Group,
Cregon Stale Universiy,
eaivianry Ntpiorism.oregonstate. edu, 2012
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Minimum Temperature
1976-2005
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Precipitation: Annual Climatology (1981-2010)
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Copyright (c) 2012, PRISM Climate Group, Oregon State Umfer;it}r
httpiprism.oregonstate.edu - Map created Jul 10 2012
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Colorado Annual Average Precipitation (in) 1981-2010

CO_anppt8110
PPT (in)
__BE

P o-n
1113

“Copyright © 2011, PRISM Climate Group, Oregon State University, http://prism.oregonstate.edu



Seasonal Precipitation in Colorado
varies greatly from place to place

Water Year Average Precipitation for Selected Stations
E-W transect along I-70
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http://ccc.atmos.colostate.edu/~hail/cool/blizzard2003/images/LR53_pear_tree_damage_jpg.jpg

No two years are ever the same

Grand Junction Monthly Precipitation for Period of Record (1893-2012)
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A few storm systems each year make
the difference

Photo Credit: Henry Reqges
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Much of our surface water
comes from
Mountain Snowmelt

*.




We’'re doing well so far this year,
but will it continue

Porpyry Creek Snotel Daily Snow Water Equivalent

—WY2017
WY2016
-WY2014
—WY2013
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Sometimes we get ooo much
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Was that forecast?



http://ccc.atmos.colostate.edu/~hail/cool/blizzard2003/images/BO57_shoveling_roof_jpeg.jpg

But often too little
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What do our long term
data tell us about
changing temperatures




—4—Winter Min Temp

Waterdale Coop Average Winter Temperature
—=—Winter Max Temp
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Cheyenne Wells, CO Average Summer Temperature

—a—Summer Max Temp —=Summer Min Temp
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Colorado Temperature Departure from Average
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Average Temperature 1901-2000: 44.6°F
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U.S. Temperature Departure from Average
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Global Temperature Departure from Average
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Colorado Statewide Seasonal Temperature

—8-Summer Temp Fall Temp —+—Spring Temp Winter Temp

Warming trend in all seasons
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Colorado Statewide Seasonal Temperature

—8-Summer Temp Fall Temp —+—Spring Temp Winter Temp
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Expand the scale, and then
the trends catch your
attention more



Colorado statewide annual temperatures have
warmed by 2°F in past 30 years

3 of 5 warmest
3 years since 2012
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Temperature Departure, Degrees F

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Western Water Assessment, CIRES, University of
Observed Colorado Boulder; Data: NOAA NCEI



Temperature departure, “F

20 -
===Global
| |5

P

1.0 -

=—=Colorado

0.5 -

0.5 -

-1.0 -

-l.a 1

-Z.G | I T T T T T T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010



32

20

28

26

24

22

20

|
1900

Winter (DJF) Statewide Temperatures 1895-2016
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Spring (MAM) Statewide Temperatures 1895-2016
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Summer (JJA) Statewide Temperatures 1895-2016

Colorado, Average Temperature, June-August
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Fall (SON) Statewide Temperatures 1895-2016
2016 Warmest on Record

Colorado, Average Temperature, September-November

190 -2000
Mean: 45.8°F
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What about precipitation ??




Total Precipitation (inches)
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Rocky Ford, CO Water Year Precipitation
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Fort Collins, CO Water Year (Oct-Sep) Precipitation
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Colorado Precipitation in Historic Perspective

Water Year Precipitation (inches)
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Statewide Water Year Precipitation

Water Year 2016 precipitation of 19.16” is 391" wettest year on record (Period of

Record 1895-2016)
1.06 inches above 1901-2000 aver age
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Drought never leaves us
alone for long



Fraction of Colorado in Drought

Based on 3-month SPI (SPI<-1)

1890-2016
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Based on 48 month SPI (SPI <-1)
(1890 - 2016)

Fraction of Colorado in Drought
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Thoughts about drought:
We're all vulnerable but southern
Colorado seems particularly prone




U.S. Drought Monitor SeP*enieiz 21

Infensity, Drought Impact Types.
| | DO Abnormally Dry r~' Delineates dominant impacts
[ ] D1 Drought - Moderate A = Agricultural (crops, pastures,

I D2 Drought - Severe grasslandsz) j:}
B C3 Drought - Extreme

H = Hydrological (water)
USDA 4P (XY &

B C4 Drought - Exceptional
Released Thursday, September 30, 2010

The Drought Manifor focuses on broad-scale condifions.

Local conditions may vary. S5ee accompanying fext summary
for forecast statements,
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U.S. Drought Monitor  °0h0"

Eﬂﬁ
@% Crovight impact Types.
B0 Abnormally Dry r~' Delneates dominant impacts ;
[ | D1 Drought - Moderate
5 S = Short-Term, typically <6 months i:?
D2 Drought - Severe {e.q. agriculiure, grasslands)

D3 Drought - Extreme .

= D4 Dro I;]I'lt Exceptianal L = Long-Term, typically =& monihs
ught - Excep {e.g. hydrofogy, ecology) USDA

_—

The Drought Monitor focuses on broad-scale condifions, _ “.m_# _Mm -Lh_. V. u

Local conditions may vary. See accompanying text summary
for forecast slatements Released Thursday, October 6, 2011




U.S. Drought Monitor 5 25"

imensity.

. DO Abnormally Dry
" | D1 Drought - Moderate
I D2 Drought - Severe
I O3 Drought - Extreme

Orought lmoact Tyoss.
r~ Delineates dominant impacts

& = Bhorl-Term, typically <6 months
(e.q. agricubure, grasslands)

L = Lang-Term, typically =6 manths

I C4 Drought - Exceptional (.01, ydralesy, acology) USDA. ﬁﬁ

The Drought Monitor focuses on broad-scale condifions. ﬁ nm&.ﬁmmm

Local conditions may vary. See accompanying text summary

for forecast statements. Released Thursday, October 4, 2012

http://droughtmonitor.unl.edu/ Aurthor: Anthony Artusa, NOAANWSNCEP/CPC



U.S. Drought Monitor i L

Valid 7 a.m. EDT

\ Prought Impact Tvpes:
~ Delineates dominant impacts

S = Shon-Term, typically less than
8 months (e.g. agricuture, grasslands)

-\ A : L = Long-Term, typically greater than
P & months (e.g. hydrology, ecology)
& Intensity:
= [T] DO Abnormally Dry
[] D1 Moderate Drought
B D2 Severe Drought
B D2 Extreme Drought

B D4 Exceptional Drought

Author:
David Miskus
NOAA/NWS/INCEP/CPC

The Orought Mantar focuses an hraad-
scala congvions, Local conadihons may
vary. See accompanying taxt summeary for
forscas! sfalements.

http://droughtmonitor.unl.edu/




U.S. Drought Monitor I i as e o A
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S = Shorl-Tern, typically kess than
& months (e.g. agricultuwre, grasslands)

S
P
Lrought Imoact Tyvpes:
~ Delineates dominant impacts

L = Long-Term, typically greaters than
6 manths (e.g hydrology. ecology)

Intensit Y.
] DD Abnormally Dry

[] D1 Mederate Drought
I D2 Severe Drought

SL 1) B D3 Extreme Drought
I O4 Exceptional Drought

Author:
Mark Svoboda

National Drought Mitigation Center

The Drougfy Mantor Scuses on broad-
scale conditions. Loca! candons may
Vary See accompanang fext stmmary for
forscast sfatemsnis

o R X7

http://droughtmonitor.unl.edu/




U.S. Drought Monitor September 29, 2015

Valid 8 a.m. EDT

~ r~ Delineates dominant impacts
S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)
L = Long-Term, typically greater than

6 months (e.g. hydrology, ecology)

Intensity:
[] DO Abnormally Dry

[] D1 Moderate Drought
8] D2 Severe Drought

S I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Eric Luebehusen

U.S. Department of Agriculture

The Drought Monitor focuses on broad-
SL scale conditions. Local conditions may

vary. See accompanying text summary for
forscast statements

= || 5 R @ &

L}j ol Ve
http://droughtmonitor.unl.edu/




U.S. Drought Monitor Wi ol il

V ; Valid 8 a.m. EDT

~* Delineates dominant impacis

8 = Shori-Tearn, ypcally bess than
& months (&g agricufure, grasslands)

L = Long-Tem, ypcally greater than
8 manths (o.g. hydmlagy, acolsgy)

intensity:

[ DD abnormally Dry

[] ©1 Moderate Drought
B Oz Severe Drought

B O Extreme Drowght
B C4 Exceptional Drought

BAuthor:
Brian Fuchs

Maltional Dvoughd Miligation Canter

The Oroughy antar focuses on broan-
soain conomions, Local congtions may
q':j YAy, S99 SCOOM ST TRy sl summary for

= e

{> http://droughtmonito r.unLr;-n:luf




U.S. Drought Monitor i Mok W

Valid 7 a.m. EST

' Dafneates dominant impacts

S = Short-Term, typically less than
B months (o0, agnicuiune, grasskngs)

L = Long-Term, typically graser than
B moaths (e .g. hydrodogy, ecology)

Intensity
] DD abnarmaly Dy

Author:
Jessica Blunden [ ] D1 Moderate Drowght
NCENDAA B 02 Severa Drought

W D3 Exireme Drought
B D4 Exceptional Drought

The Duausil Mondor focuass an iosd-

Soahe cordinne Local coriciions may

& .-:‘j VB SES SOOI EaVIFN Sl St ey o
fevmcasl dafemanis

Ledu/




U.S. Drought Monitor

Total U.S.

February 28, 2017

{(Released Thursday, Mar. 2, 2017)
Valid 7 a.m. EST

Drought Conditions (Percent Area)

None | D0-D4 |D1-D4 | D2-D4 [[n=Rs S
Curment 66.02 | 3308 | 177 | 207 | 0.41 | 0.00
Last Week
s 68.42 | 3157 152 | 277 | 028 | 0.00
3MonthSAQO | 54 45 | 4555 (2620 | 1287 | 722 | 224
11252096
Start of

Calendar Year | 5970 | 4030 | 1882 | 7.21 | 263 | 0.0
122097
Start of
Water Year | 8121 3879 |1585 | 677 | 267 | 097
8272016
One YearAgo | 74 49 | 2850 [1207 | 651 | 230 | 1.82
2A°20ME

Intensity:

D0 Abnormalhy Dy

01 M oderate Drought

D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.

- D3 Extreme D rought

- D4 E xceptional Drought

Local conditions may vary See accompanying text summary
for forecast statements.

Author:

Richard Heim

NCEI/NOAA

USDA
——

http://droughtmonitor.unl.edu/

_—
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Summary
-- We've got a great climate but with
some interesting challenges.

-- Temperatures in Colorado are warming,
especially since 1980

-- More really warm days, fewer really
cold days

-- Trends In Colorado are similar to U.S
and Globe

-- Growing season longer but irregular
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We don't see it
We don’t smell it
It's just a minor fraction of
our atmosphere

and yet

It may be a game changer



Global carbon emissions continue to increase

We have surpassed 400 parts per
million of carbon dioxide in our

atmosphere — highest level in the past
300,000 years

The rate of increase is still
accelerating



CH, mole fraction (ppb)

1850 |

1800

1750

1700
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These gases let sunshine into the
atmosphere with very little
attenuation

However, they trap heat energy in the
atmosphere



Temperature (Annual) 2081-2100 MINUS 1981-2000
SRES A1B (n=23) RCP 4.5 (n-42)




Temperature (Annual) 2081-2100 MINUS 1981-2000

SRES A1B (n=23) RCP 4.5 (n=42)
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Globally, spatial pattern of change very similar between CMIP3 and
CMIP5

Precipitation (Annual) 2081-2100 MINUS 1981-2000
SRES A1B (n=23) RCP 4.5 (n=42)

n = # of individual model ensembles (many more individual models in there)

W These similarities consistent at seasonal scales
O Magnitude of change is generally a function of the emission scenario

~N



Zooming in onto the

us....
Precipitation (Annual) 2081-2100 MINUS 1981-2000
SRES A1B (n=23) — RCP 4.5 (n=42)

U Broader scale patterns remain the same between CMIP3 and CMIPS but some finer

scale differences noticable. Are they significant for the Upper CO Basin??? Model
Realitu?29



Winter precip....

Precipitation (DJF) 2081-2100 MINUS 1981-2000
SRES A1B (n=23) RCP 4.5 (n=42)

120w no'w 180"W ww oW

RCP 6.0 (n=25)

120°W now 100"W arw MW

O Very similar increases between CMIP3 and CMIPS for the Upper CO Basin.
Enhanced increases under a higher emission scenario.



So if you love
DATA
We can help
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Summer precip....

Precipitation (JJA) 2081-2100 MINUS 1981-2000
SRES A1B (n=23) | | RCP 4.5 (n=42)

TSR L3
_ ka' "(‘ = /[?-~ { ' A\"t/f’(é’\ AN
\ —~ 0N {‘\ . \f_" —]li : 7-.’\. 1'0 > ()
il . » : {1 Y y '(Lf'f .
. ) {.--J‘," - (,!’.' : =
Bl T L /TR 20
l : b ' ' 10
20w 110°W 100*W ww W = 5
RCP 8.5 (n=39)
L o : 0
\ (el S
¥ | on BB Tl 1t ) 2 -
. ' { T \ —1\" OEL' 10
S L 15
ok \ .
wid O 1 ‘ L\“‘t.— ( : ‘T I-zg
25"N \?’

T T T T
120"W 110"W 100"W WOW MW 120 110°W 100"W oW W

U Slightly greater decreases for US Southwest in CMIP5
O Summer time large scale atmospheric processes (e.g. monsoonal flows)still not
adequately modeled




Vegetation responds to an
atmosphere enriched with more
carbon dioxide, even without
changes in temperature or precip.
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Weekly Climate and Water
Supply updates Available

( 1 [_ — T Calorsde, Utah anvd Wyorning Marck 2002 Precipiatian
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And we could use your help!




When Iin doubt, help us out!

Help measure and report rainfall!
BN S Lav=P5  THANKS to you who
., measure or provide
support
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http://www.cocorahs.org/
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A Small Effort A GreatValue




For information and to volunteer, visit
the CoCoRaHS Web Site

Www.cocorahs.org

OR SEE ME TODAY'!

Support for this project provided by

NSF Informal Science Education Program,
NOAA Environmental Literacy Program
and

many local charter sponsors.




