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IPCC 4th Assessment: Working Group I, Chapter 11, Regional Projections 

Annual Temperature and Precipitation ChangeAnnual Temperature and Precipitation Change
End of 21End of 21stst Century  Century  —— Scenario: A1bScenario: A1b

Basic message: HOT (confident), DRY (less confident; no confidence in summer)



M. Dettinger, Climatic Change, 2006

These 
graphs 
express the  
confidence 
statement
mentioned
in the 
previous
slide. 
(example 
for 
Northern
California)



SeagerSeager et al. 2007, et al. 2007, ScienceScience

Basic message: by mid-century, water balance gets drier, due to increased ET, and
decreased precipitation



Northern Annular Mode Impact on Spring Climate  
in the Western United States

McAfee and Russell, 2008 Geophysical Research Letters 

Higher TEM in the 
Southwest

Lower PRECIP in the 
Southwest

Basic message: Storm track is migrating northward; effects greatest in spring time, 
which contributes to early snow melt.



Brad UdallBrad Udall
Presented at Presented at 
2009 Border Gov.2009 Border Gov.
Drought WorkshopDrought Workshop



T. Cavazos, CICESET. Cavazos, CICESE
Presented at 2009 BorderPresented at 2009 Border
Gov. Drought WorkshopGov. Drought Workshop

Basic message: well selected models over-predict summer precip, but IPCC average
is not realistic for summer



T. Cavazos, CICESET. Cavazos, CICESE
Presented at 2009 BorderPresented at 2009 Border
Gov. Drought WorkshopGov. Drought Workshop

Basic message: 6 models selected for monsoon get basic spatial features right



Cavazos andCavazos and
ArriagaArriaga, 2009, 2009
(in prep.)(in prep.)
CICESECICESE
Presented atPresented at
2009 Border Gov.2009 Border Gov.
Drought Drought WkshpWkshp..

Basic message: using the 6 good monsoon models, the region still dries out



T. Cavazos, CICESET. Cavazos, CICESE
Presented at 2009 BorderPresented at 2009 Border
Gov. Drought WorkshopGov. Drought Workshop

Basic message: Regardless of precip, temperatures are increasing



Longer Heat Waves

Diffenbaugh et al., 2005;  Proceedings of the National Academy of Science

Basic message: enhanced snow melt in Upper Basin; enhanced demand in lower basin
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Total Colorado River Use

NF Lees Ferry 5-year moving
average

NOTES: Does not include evaporative losses from Flaning 
Gorge, Blue Mesa, Morrow Point, Lake Powell, Lake 
Mead, Lake Mohave, and Lake Havasu

Colorado Water System Demand – Supply
(stressed in recent decades)

BalajiBalaji RajagopalanRajagopalan et al. (CU, Reclamation, NOAA)et al. (CU, Reclamation, NOAA)

Basic message: not rocket science: Colorado River is stressed



Brad Udall, WWA, Presented at 2009 Border Governors Drought WorkBrad Udall, WWA, Presented at 2009 Border Governors Drought Workshopshop

Basic message: hydrologic projections say Colorado River flow will decrease







S. Earman, Scripps 

Basic message: projected decreases 
in snowpack and effective recharge 
can result in declining groundwater 
recharge rates



Victor Magaña, UNAM, 2006 NADM Workshop

consumptive use
______________________________________________________ 

total availability
Basic message: currently Mexican aquifers are stressed



Victor Magaña, UNAM, 2006 NADM Workshop

Basic message: with climate change and no changes to demands 
or practices, aquifers will be even more stressed
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