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Key Points
Global climate models (GCMs) are mathematical formulations 
of the processes that comprise the climate system. Climate 
models can be used to make projections about future climate 
and the knowledge gained can contribute to policy decisions 
regarding climate change. An advantage of GCMs is their abil-
ity to perform multiple simulation experiments using differ-
ent greenhouse gas emissions scenarios. A disadvantage of 
GCMs is their inability to resolve features smaller than about 
50 miles by 50 miles. However, as computing power continues 
to increase, models 
are being constantly 
improved. 

How Climate 
Models Work  
Computer climate 
models are the key 
tool for simulating 
possible future cli-
mates. Though there 
are many types of 
models, from simple 
to complex, three-
dimensional global 
atmosphere and 
ocean models hold 
the most potential 
for making accurate 
climate projections. 
These complex and 
computer-intensive 
global climate mod-
els  have been devel-
oped to study global 
climate processes 
and to create projec-
tions of possible 
future climates. The 
knowledge gained 
can contribute to 
policy decisions 
regarding climate 
change and facilitate 
preparations for fu-
ture climate changes.

GCMs are mathematical formulations of the processes that 
comprise the climate system, including radiation, energy 
transfer by winds, cloud formation, evaporation and precipi-

tation of water, and transport of heat by ocean currents. The 
model calculations are made for individual gridboxes on the 
order of 125 – 300 miles (200 – 500 km) in the horizontal and 
vertical dimensions. The equations of the model are solved for 
the atmosphere, land surface, and oceans in each gridbox over 
the entire globe using a series of timesteps (Figure 1).

Projections Made by Global Climate Models
GCMs are used to simulate the climate system’s future re-
sponses to emissions of greenhouse gases and sulfate aero-

sols, as well as other 
human-induced 
activities that affect 
the climate system. 
Projections made 
by GCMs are reflec-
tions of the current 
state of knowledge 
of the processes in 
the climate system, 
but they still contain 
uncertainties. Figure 
2 shows projected 
changes in tempera-
ture and precipita-
tion in the 2050s 
using two global 
climate models, one 
developed by the 
United Kingdom 
Hadley Centre and 
the other by the 
Canadian Centre for 
Climate Modeling 
and Analysis.   

Advantages and 
Disadvantages of 
Climate Models
An advantage of 
climate models 
is their ability to 
perform multiple 
simulation experi-
ments using differ-
ent greenhouse gas 
emissions scenarios. 

By performing multiple experiments, with multiple climate 
models based on multiple greenhouse gas scenarios, the 
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Figure 1. Schematic illustration of GCM structure at a single gridbox.Source: Hansen, J., G. Russell, D. 
Rind, et al. “Efficient three-dimensional models for global climate studies: Models I and II. “ Monthly 
Weather Review 111 (4): 609, 662, 1983
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range of possible climate outcomes, as well as the probability 
of specific outcomes, can be better understood.

A disadvantage of climate models is that, although computer 
power continues to increase rapidly, global models currently 
do not resolve features smaller than about 50 miles x 50 
miles. This makes it impossible to resolve smaller-scale climate 
features. The models also simplify or parametrize complex 
and often non-linear processes, such as the radiation effects 
of high- and low-level clouds or hydrological processes on the 
land. 
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Figure 2.Projected changes in temperature and precipitation for the 2050s. Left: United Kingdom Hadley Center. Right: Canadian 
Center for Climate Modeling and Analysis. Source:Rosenzweig and Solecki, Climate Change and a Global City, 2001.


