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Consumptive use already exceeds renewabienwatensSuppiaInparts ol
the Colorado River basin.

Average consumptive
water use and
renewable water supply
by water resource
region (USGS Water
Supply Paper 2250)
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The 208 CENtUYATCINUELRGE iettes-t and 3rd weiiesi o rio&s in ths
ring the pasi 500 years

Smoothed reconstruction of
flow for the Upper Colorado
River basin (original data,
Woodhouse et al., 2006)
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Population growth and water demand have increasecharamaticalysinthe
Colorado River basin during an anomalousiy wetperfiodsvhatwilhappen when
the climate is drier?

Population Growth: Colorado River Basin
[ CO,NV,NM, WY, UT and AZ
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The period used to estimate UCRB flows forthe to other
periods in the 20" century, as well as to mostother years.

26-year moving average UCRB flow expressed as departures from the mean

flow for the period used for the Colorado Compact
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Isleifezisipie) wzetier clarmzrncel is siressineg the Coloracdo River waier
Sl el even curirie) one of the weattest ceniuries.

Colorado River water supply minus consumptive use and losses,
1906-2004
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NgRrsesn elry cornclitions in the UCRB anormsalous, or rmore
faildenveaiconclitions experienced during previous ceniuries?

i e, g '-E-"‘-.-'- S
photos by John Dohrenwend; Seuthwest Satellite Imaging

a USGS

science for a changing world



March-May
Temperature Trends
1950-1997

Cayan et al., 2001
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@l noclels simulzite continuacd warrnine for the weastarn U.S,

Projected change in temperature (°C) by 2050
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Projected North American surface temperature to business-as-
usual emission scenarios. Data are from the average of 22 IPCC
model simulations. The anomalies are computed from a 1972-
2000 reference. (Hoerling and Eisheid, 2008)



ISStEs zinel eoneerns for ine Coloracdo River Basin
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Issues and CONGENIE fortne Colorziclo River Bzasin
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Data Sets

Climate Data

- monthly temperature and precipitation data for the period (1895-2004)
obtained from the Precipitation-elevation Regression on Independent Slopes
Model (PRISM) dataset

- native grid resolution — 4 km

- aggregated to 62 USGS hydrologic units (HUCS8s)
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Sl olsizisr ozlznce and reservoir storage rmocle)
fomegislogosr Coloraco River Basin

Monthly water-balance model
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The water-balance model provides reliable estimates orwater-year streamflow
in the Upper Colorado River Basin.

Measured
— Water balance e
Tree-ring reconstruction .
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Effects of mJ orl Upoer Coloracdo River Basin
AV Szl ziizd in iwo ways -

0.86°C and 2°C

2. Modified reconstructed flows by percentage changes
determined using 20" century data and the water
balance model
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River Basin for 100-yezir periods




Wetidpyezigilowior ine Uposr Colorado River Basin for 100-yezr periocls
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WetiggyeEimilow for i Upper Colorzc
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o River Basin for 100-yezr periods
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WetiggyeEimilow for i Upper Colorzc
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WetiggyeEimilow for i Upper Colorzc
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o River Basin for 100-yezr periods
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WetiggyeEimilow for i Upper Colorzc
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By 0o licjzitions frorm the Upper Coloracdo River

If mean annual naturalized flow is
could mean
- not enough water for apportionments to CA, NV & AZ
- Upper Basin’s Mexican Treaty obligation critical
- Interstate litigation likely
- Lakes Powell & Mead would operate at low levels

ZUSGS

changing world




Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998

40 20 G0 70 80 S0
Risk of Failure (percent of years)

McCabe and Wolock; Geophysical Research Letters, 2007
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Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998

20th
century

40 20 G0 70 80 S0
Risk of Failure (percent of years)

McCabe and Wolock; Geophysical Research Letters, 2007
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Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998

20th
20t century,
century | T+0.86°C

20 | 40 20 G0 70 80 S0
Risk of Failure (percent of years)

McCabe and Wolock; Geophysical Research Letters, 2007
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Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998
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McCabe and Wolock; Geophysical Research Letters, 2007
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Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998

driest century from tree
ring record, T+0.86°C
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McCabe and Wolock; Geophysical Research Letters, 2007
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Risk of failing to meet the delivery obligations of the
Colorado Compact during a 100-year period

range of estimated risk of
failure for all 100-year
periods, 1490-1998

driest century from tree
ring record, T+0.86°C

20th 20th
20th century, century, driest century from tree
century | T+0.86°C  T+2°C ring record, T+2°C

v l l
. I i ! T ! : !
20 30 40 a0 60 70 80 90

Risk of Failure (percent of years)

McCabe and Wolock; Geophysical Research Letters, 2007
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For some scenarios even INCre
mitigate the effects of increase

Fraction of time the water-year flow of the UCRB fails to meet the delivery
obligations of the Colorado Compact

Current reservoir Unlimited reservoir
Scenario storage storage

20th century 0.07 0.00
20th century, T+0.86°C 0.22 0.15
20th century, T+2°C 0.37 0.37
Driest century 0.30 0.12
Driest century, T+0.86°C 0.50 0.49
Driest century, T+2°C 0.77 0.77

McCabe and Wolock, 2007, GRL




Unless temperature increases are less than 1°C, increasing reservoir
storage capacity in the UCRB likely will not mitigate the effects of increased
temperatures on water supply.

Reductions in water use may be the most effective way to mitigate the
effects of increasing temperatures on water supply in the Colorado River
Basin.
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Future of Colorado water supply

climate.
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