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IPCC Fourth Assessment 
Report Findings:



Now,  About Climate 
Models

• It’s all about physics, numerical analysis, etc.

• Some history, progress in climate modeling

• What are the latest results?



Look Under the Hood  
of a Climate Model

• Physics of Atmospheric-Oceanic-Land 
System

• PD Equations: Conserve mass, energy, 
momentum, water. 

• More physics: cloud, convection, ice, land 
surface, salinity, etc.





Washington & Parkinson (2005)
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Truncating Methods: R vs T





Equivalent 
Grids for 
Various 

Truncations

AGCM ‘80s AGCM ‘90s
AOGCM ‘00s
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IPCC 07



Timeline of Climate Model Development



Precipitation
Distribution

Washington & Parkinson (2005)

T42 Simulations



Zonal Winds

Washington & Parkinson (2005)

T42 Simulations



Look at a Couple of 10 day Simulations

T42



T239 Resolution 
(Weather Forecasting Resolution)



Now, a little about TX 
and the SW

• Hadley Circulation and its expansion

• New paper to appear in Science

• Future climate of the US SW

• Low frequency variability differences



Washington & Parkinson (2005)

Hadley Cell







In the multi-model ensemble mean there is a transition to a
sustained drier climate that begins in the late 20th and early
21st centuries. In the ensemble mean both P and E decrease
but the former by a larger amount. P−E primarily reduces in
winter when P reduces and E is unchanged or modestly
increased while in summer both P and E decrease (not
shown). 

The annual mean reduction in P for this region,
calculated from rain gauge data within the Global Historical
Climatology Network, was 0.09 mm/day between 1932 and
1939 (the Dust Bowl drought) and 0.13 mm/day between
1948 and 1957 (the 1950s Southwest drought: Drought of 
Record.).

The ensemble
median reduction in P that drives the reduction in P−E
reaches 0.1 mm/day in mid-century and one quarter of the
models reach this in the early part of the current century.

From the Science paper, Seager et al. (to appear): 

SW Region Analyzed

‘Sinking Air Contribution’



dust bowl

SW drought 1950s

Modeled changes in annual mean precipitation minus evaporation over the American Southwest (125°W
−95°W, 25°N−40°N, land areas only) averaged over ensemble members for each of the 19 models. The 
historical period used known and estimated climate forcings and the projections used the SResA1B 
emissions scenario. Shown are the median (red line) and 25th and 75th percentiles (pink shading) of the 
P−E distribution amongst the 19 models, and the ensemble medians of P (blue line) and E (green line) 
for the period common to all models (1900 to 2098). Anomalies for each model are relative to that 
model's climatology for 1950–2000. Results have been six year low pass Butterworth filtered to 
emphasize low frequency variability that is of most consequence for water resources. Units are in mm/
day. The model ensemble mean P−E in this region is around 0.3 mm/day.
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Precipitation 
decreases

Moisture 
diverges



Comparing four model runs



More About Models












