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Climate Model Projections for the Southwest


  Climate change overview - heat and water


 What is a climate model?


  Trends in the Westerlies


  The Westerlies and changes in precipitation patterns


  Conclusions and speculation
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Growing rapidly …. And vulnerable to climate change


Figure F.2.  Maps of federal lands and 
American Indian reservations (a), the 
percent of cropland irrigated (b), and 
the percent change in population from 
2000 to 2008 (c).  Data from the 
National Atlas and the U.S. Census 
Bureau.


From S. McAfee
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Trajectory of Global Fossil Fuel Emissions


Raupach et al. 2007, PNAS 

2006 
2005 
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Temperature Records�
(Deviation from 1951- 1980 mean)


Source:  NASA Goddard Institute for Space Studies Surface Temperature Analysis at  data.giss.nasa.gov/gistemp/ 
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Ice Melt in Greenland


Source:  http://cires.colorado.edu/science/groups/steffen/greenland/melt2005/
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Source: IPCC, Climate Change, 2001


Temperature (Past and Projected)
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Seidel et al., 2007




Russell – July 13, 2009


Some Areas are Projected to �
Become Wetter, Others Drier


Annual Mean Precipitation Change:  2071 - 2100 Relative to 1990
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Source: IPCC, Climate Change, 2007


Temperature & Precipitation (Projected)
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Water

  5 to possibly 25% of global freshwater use exceeds long-term accessible

 supplies (low to medium certainty)

  15 - 35% of irrigation withdrawals exceed supply rates and are therefore

 unsustainable (low to medium certainty)
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Seidel et al., 2007
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What is a climate model?
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Computer code that solves differential equations of air motion and 
thermodynamics to obtain time and space dependent values for  

temperature, wind speed, moisture and pressure in the atmosphere.


Atmospheric 
Models 

http://
celebrating200years.noaa.gov/

breakthroughs/climate_model/
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Modeling the Climate System
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Simulating the future….


X 

4700
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El Niño in the Model


SST contour interval is 0.1°C
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Schematic of the NOAA Dynamic Vegetation Land Model


Courtesy Elena Shevliakova
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Annual average of monthly standard deviations of the surface carbon flux data 
as simulated by the GFDL ESM (averaged over model years 101-120).


New Earth System Model:

A carbon-atmosphere-ocean-land-ice model
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Climate Forcing Scenarios
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Trends in the Westerlies
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Wallace and Hobbes, 2006 
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Seidel et al., 2007
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Seidel et al., 2007
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 Poleward shift of the
 Southern
 Hemisphere
 Westerlies


 Poleward shift of the
 Northern
 Hemisphere
 Westerlies 


D. Thompson
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High Index
 Low Index


The Northern Annular Mode
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The history of the NAO (or AO or NAM) is quite long….


Hans Egede observed in the 1700’s


“When the winter in Denmark was

 severe, as we perceive it, the winter


 in Greenland in its manner was 

 mild, and conversely”
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Baldwin and Dunkerton 2001 



Russell – July 13, 2009




Russell – July 13, 2009


The Southern Hemisphere Ozone Hole


Nov 2, 2007
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From NASA
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The Southern Hemisphere Ozone Hole
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John Austin: The animation shows the evolution of northern and southern hemisphere 

ozone as simulated in the GFDL coupled chemistry-climate model. 
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“Despite the apparent robustness of the above evidence, the principal 

mechanisms whereby stratospheric variability may influence the 

tropospheric circulation remain unclear. A complete explanation of the 

observed coupling likely lies in one or more of the following physical 
processes:


1)  Geostrophic and hydrostatic adjustment of the tropospheric flow to 


anomalous wave drag (Haynes et al.,1991; Thompson et al., 2006) and 


anomalous diabatic heating at stratospheric levels (Thompson et al.,
2006);


2)  The impact of anomalous shear in the lower stratospheric zonal flow on 
the momentum flux by baroclinic eddies (Shepherd, 2002; Kushner and 
Polvani, 2004; Wittman et al., 2004);


3) 
Amplification due to internal tropospheric dynamics (Song and 
Robinson, 2004);


4) 
The impact of anomalous shear at the tropopause level on vertically 


propagating waves (Chen and Robinson,1992; Shindell et al., 1999; 


Limpasuvan and Hartmann, 2000);


5) 
The reflection of planetary waves (Hartmann et al.,2000; Perlwitz and 


Harnik, 2004).”
 Baldwin et al., 2007
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Arblaster & Meehl, 2006


Attribution of Jet Forcing (Model Results)
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Stratospheric Temperature Trends
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Seidel et al., 2007
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Climate Model Projections for
 the Southwest
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Correlation of monthly precipitation anomalies (FMA)
 with the JFM Northern Annular Mode (NAM) Index


Courtesy of Stephanie McAfee
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Seager et al, 2007


Filtered P-E Anomalies
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Seager et al, 2007
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Seager et al, 2007
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Modeled Mean Surface Air Temperature (°C, 2001-2005, A1B)
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Modeled Mean Surface Air Temperature (°C, 2096-2100, A1B)
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Modeled Surface Air Temperature Difference 

(°C, 2100-2000, A1B)
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Modeled Mean Seasonal Precipitation (mm/day, 2001-2005, A1B)

Spring (AMJ)
 Summer (JAS)
 Fall (OND)
Winter (JFM)
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Modeled Mean Seasonal Precipitation (mm/day, 2096-2100, A1B)

Spring (AMJ)
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Modeled Precipitation Change 

(mm/day, 2100-2000, A1B)
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GFDL CM2.1 – SRES A1B




Russell – July 13, 2009


Resolution
1°x1°

(~111 km)


1/12°x1/12°

(~10 km)


1/120°x1/120°

(~1 km)
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Regional Model Projections for
 the Southwest
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Diffenbaugh et al., 2005
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Diffenbaugh et al., 2005
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System Dynamics  Approach 
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Dynamic Downscaling of Global Climate Model 
Output using Regional Climate Models 

Global Climate Model 
simulates large scale 
circulations. Spatial 

resolution is too low for 
capturing local effects.


Regional Climate Model 
receives initial and 

boundary conditions from  
Global Climate Model.


www.co2science.org/
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Dynamic Downscaling of Global Climate Model 
Output using Regional Climate Model 

Regional climate model can consider 
effects of local terrain, land use/

cover, soil moisture on the 
atmosphere and therefore simulate 

variability of state of the atmosphere 
in a Global Climate Model grid cell.


Ensemble simulations

Resolution 


Domain position

Nested runs


Spectral nudging

One-way and two way nesting, 

Restarts and long-term simulations


www.cccsn.ca/Help_and_Contact/ Downscaling-e.html
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Phoenix is defined as (33.5°N, 112°W)
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Phoenix is defined as (33.5°N, 112°W)
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Phoenix is defined as 

(33.5°N, 112°W)
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WRF Model Output 
Simulations: 
•  Hourly air temperature, 

humidity, wind speed 
for: 

–  Past typical 
summer for 
model 
validation. 

–  At least one 
future wet and 
dry summer. 

Computational Effort: 
•  Simulations for 180 

days per summer: ~ 
540 days. 

•  1 day simulation needs 
~ 3 CPU hours on IBM 
supercomputer or linux 
cluster -> 1620 CPU 
hours ~ 70 days. 
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WRF Land Surface Model for Calculation of Urban 
Surface Energy Balance 

Applied to fraction cover of natural 
surfaces vs. building/road surfaces in a 
model grid cell. 

Noah Land Surface Model 
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Bringing Climate Change to your House
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Conclusions


While the current models have many challenges to 
overcome, the shift of the Westerlies is likely to 

contribute to:


  warming and drying in the Southwestern U.S.



