et for Rﬁ‘se

Simulated Impacts of Three Decadal Climate

&

CRCES

% Variability Phenomena on Water Yields and Urban

%
G

&5
)

weeaest  Water Security in the Missouri River Basin, U.S.A.

Vikram M. Mehta, Norman J. Rosenberg, and Katherin Mendoza
The Center for Research on the Changing Earth System, Catonsville, Maryland, U.S.A.

» What is decadal climate variability (DCV)?
» Importance of the Missouri River Basin (MRB)

» Impacts of DCV phenomena on hydro-meteorology and
water yield

» Impacts of DCV Phenomena on urban water security

» Summary
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What is decadal climate variability (DCV)?
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< w*  How does SST variability influence
climate on continents?

“8ing gart

« SST variability modulates transfers of heat and
water vapor between ocean and atmosphere...

« ...modulating cloud formation, rainfall, and large-
scale atmospheric motions...

 ...Influencing water vapor and heat transport to and
pressure, temperature and winds over continents...

« ...resulting in precipitation and temperature
variability on continents.
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Importance of
the Missouri River Basin
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Largest
river
basin

in the US

Covers
500,000

sq. miles,

10 States,
many Native
American
reservations,
parts of
Alberta and
Saskatchewan

The Missouri River Basin

Missouri River Basin cattle in the United States
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Major Water Resource Regions
.New England

. Mid- Atlantic

. S. Atlantic-Gulf
. GreatLakes

. Ohio
.Tennessee

. Upper Miss.
.Lower Miss.

.Sours-Red-Rainy

. Missouri
Arkansas-White-Red
Texas Gulf

Rio Grande

Upper Colorado
Lower Colorado
Great Basin

Pacific N

California

Produces 46% of wheat, 22% of grain corn, 34% of

Value of crops
and livestock
over

$100 billion in
2008

117 million
acres cropland,
only 12 million
acres irrigated

Dependence on the Missouri River for drinking water, irrigation and industrial needs, hydro-electricity, recreation, navigation, and fish

and wildlife habitat
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~ Droughts in the Missouri River Basin
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The Basin experiences severe to extreme decadal droughts.
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Impacts of DCV phenomena
on hydro-meteorology and
water yield in the MRB
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s SWAT Water Yield Changes in PDO Phases
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< ™ Simulation of DCV Impacts on Missouri River
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(From: Mehta et al., J. Amer. Water Res. Assoc., 2011)
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50-60% change in individual locations; substantial impacts of tropical
Atlantic and west Pacific Warm Pool variabilities also
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Impacts of DCV phenomena
on urban water security
in the MRB

Case study of climate variability impacts on water security
in three urban areas: Great Falls, Montana (small); Lincoln,
Nebraska (medium); and Kansas City, Missouri and Kansas

(large)

Data analysis and simulation of impacts with SWAT
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== The Great Falls Water System

Number of people
Served: 64,000

Number of water
Connections: ~21,000

- Daily maximum delivery
Capacity: 56 million
gallons
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Very high correlations of water supply variability with precipitation
and temperature variability; decadal variations in 1968-77, 1988-94
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Good agreement between interannual variability of observed
water consumption and SWAT-simulated water variables
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o7, Great Falls Water System Electricity Usage; and SWAT-

/\‘“‘i% simulated Water Yield, Ground Water, and Evapotranspiration:
< 1996 - 2010

{

Wrers
June — July - August
Great Falls JJA Electricity Usasge Anomoli(es or;; SWAT Output Anomalies
e JJA Average = 733270 KiloWatt—Hrs (x10*)/Month
Black — Electricity 9 Toter Yield Correlation ~ ~0.45 )
EREn
Red - SWAT 1x10° = —5 E
0= ~—10 E
LCSS _1x105§ i—S S
= — o
E ‘ ‘ —-10%
surface 1995 2000 2005 2010
c Ground Water Correlation = -0.32 -
and ground ¢ - E
o 1x10° - <
water 2 . 00 3
. ° . o
available, g <110’ 105 %
E S
= 1995 2000 2005 2010
more T
- 23 _ ‘ Evapotranspiration Correlation = —0.81 ; E
electricity oE s
. \ S
consumption oF %%
-1x10%E < -5 §
to pump water ‘ ‘ E
1995 2000 2005 2010 2

Good agreement between observed electricity consumption and
SWAT-simulated water variables
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;—\\\; The Lincoln Water System
4§\:5 Number of people served: 263,000

Number of water connections: 79,187
Daily maximum delivery capacity: 100 million gallons

Aerial view of Lincoln Number of customers
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= Summary

Uy
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« Several major patterns of decadal climate variability (DCV).

e Substantial associations between hydro-meteorological anomalies in the
Missouri River Basin (MRB) and DCV patterns.

 Hydro-met. anomalies associated with realistic values of the DCV indices
applied to SWAT show substantial sensitivity of water yields in the MRB to
DCV phenomena.

e (Good agreement between observed water consumption and other
associated variables measured by Great Falls and Lincoln urban water

systems, and SWAT-simulated water variables.

 SWAT can be used to predict climate variability impacts on urban water

security given skillful climate prediction.
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Eal Observed West Pacific Warm Pool
Average SST Pattern

Tropical
Warm Pool
definition:
SST above
28.5°C

Substantial
Increase in
atmospheric
convection
and clouds
when SST
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Anomaly Time Series

Original and detrended time series

Observed West Pacific Warm Pool SST
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Indo-Pacific Warm Pool becoming warmer over the last 50
years; also, multi-year to decadal variability
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Black = Water Variable, Red = SWAT Output
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