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IPCC: ñClimate change will intensify the 

hydrologic cycleò 

changes in  

averages/ trends 

 

changes in variability 
(magnitude, severity, duration) 
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Water challenges in arid and semi-arid regions 

Population growth:  

ÅThe most rapidly growing countries are concentrated 
in these arid regions; and 

ÅPopulation pressures and development are drying up 
rivers or leaving water unfit for most uses. 

Nonsustainability: In response, water users have 
tapped regional aquifers, resulting in overdraft and 
saltwater intrusion, causing reliance on non-
sustainable water supplies. 

Extent of regions: One-third of earths land surface is 
semi-arid or arid. 
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US Southwest: It is Dry! 
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Parallel challenges in U.S. Southwest 

Extent of regions:  one-quarter of U.S. is semi-arid 

Population growth: 

ÅThe most rapidly growing states are the most water-

scarce 

ÅDams, diversions, and over-allocation of surface 

waters have dried up many rivers, and left others 

polluted 

Nonsustainability:  vast numbers of wells tap regional 

aquifers, resulting in overdraft, subsidence, salinity, 

non-sustainability 

Plus drought:  Large portions of southwest US have 

been in drought most of the last decade and 
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US Southwest: Water Scarcity 

ÅScarcity has driven and changed water 

law in the US Southwest 

Åñevery drop of water should be usedò 

ÅReclamation Act, 1902 USBR 

ÅColorado River Example: water totally 

appropriated. 

ïWater quality issues 

ïOveruse of appropriation by California 

ïColorado Delta 

ïImperial Valley 6 
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Lake Powell 

June 2002 

April 2003 

There is significant 

variability in the main 

sources of water in the 

region. The main 

challenge is to 

separate them. 
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Climate Challenges in US 

Southwest 

ÅUS Southwest 

ÅColorado River Basin 

ÅThe State of Arizona 

ÅTucson Metropolitan Area  
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Climate Change Impact on SW Snowfall 

ÅHigh dependence on snowmelt in spring: Approximately 85% 

of the water for human use in the Rocky Mountain region comes 

from spring snowmelt. Snow accumulations are one of the most 

useful predictors of stream flow and water resource availability in 

the Colorado Basin. 

ÅClimate change is threatening the snow reservoir 

ÅApproach:  Evaluate snowfall for the period 1968-2079 for three 

different latitudinal bands and seven altitudinal bands using: 

ï 926 observations (227 for SNOTEL Stations and 699 for TD3200 stations) are 

collected for validation of the model simulation. 

ïWRF( Weather Research Forecast) regional climate model was to 

downscale the UKMO-HadCM3 A2 for the period 1968-2079. 

ïStatistically downscaled results from 16 GCMs to evaluate uncertainty 

 

 
(Wi et al, WRR 2012) 
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Movement of 0°  Isothermal Elevation 
Latitudinal and altitudinal location of the region of zero degree mean winter 

(Dec-Mar) temperature for the three study periods, superimposed on the 

contours of the linear trend in winter (Dec-Mar) snowfall over the 1969-

2079 period 

FINDING: The regions of 

strongest declines in snowfall 

roughly correspond to the  

region of migration of the zero 

degree Celsius line 

(Wi et al, WRR, 2012) 
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Example: Colorado River Basin 
Colorado river allocations: 
Upper basin:  7.5  MAF (9300 Hm3) 

Lower basin:  7.5  MAF (9300 Hm3) 

Mexico:         1.5  MAF (1900 Hm3) 

Total         16.5 MAF (20350 Hm3)  

(USGS, 2004) (NRC, 2007) 
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Reconstruction of Colorado River at Lees Ferry, 1490-1997 

Woodhouse et al., 2006 

Allocation of Colorado Water 
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Impact on Colorado River Uses 
ÅLoss of riparian habitat 

ÅGroundwater depletion 

ÅLand subsidence 

Colorado River Flow Below All Major Dams and Diversions

0

5000

10000

15000

20000

25000

30000

Year

D
is

ch
a
rg

e 
(1

0
0
0
 a

cf
)

800 PPM 

55 PPM 

13 



Disappearance of Riparian Habitat 

Santa Cruz Riverôs Riparian Habitat 

1940 1975 
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