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Lecture 5.  

Types of climate models. 

Major processes involving aerosol and clouds and their characteristic scales.  

Required reading:  

Ghan S.J. and S. E. Schwartz 

Aerosol Properties and Processes: A Path from Field and Laboratory Measurements to 

Global Climate Models. Bulletin of the American Meteorological Society 

Volume 88, Issue 7 (July 2007) pp. 1059-1083. 

 

Sarah J. Doherty, Stephan Bojinski, David Goodrich, Ann Henderson-Sellers, Kevin 

Noone, Nathaniel L. Bindoff, John A. Church, Kathy A. Hibbard, Thomas R. Karl, Lucka 

Kajfez-Bogataj, Amanda H. Lynch, David E. Parker, Peter W. Thorne, I. Colin Prentice, 

Venkatachalam Ramaswamy, Roger W. Saunders, Mark Stafford Smith, Konrad Steffen, 

Thomas F. Stocker, Kevin E. Trenberth, Michel M. Verstraete, Francis W. Zwier , 

Lessons Learned from IPCC AR4: Scientific Developments Needed to Understand, 

Predict, and Respond to Climate Change 
Bulletin of the American Meteorological Society 

Volume 90, Issue 4 (April 2009) pp. 497-513 

 

 

 

 

A “simple” view of the climate system 

 

Planetary radiative equilibrium at the top-of-the-atmosphere (TOA) 

 (over the entire planet and long time interval): 

                      TOA incoming radiation   TOA outgoing IR radiation 

TOA incoming radiation = incoming solar radiation – reflected solar radiation  

TOA outgoing IR radiation = outgoing IR radiation (emitted by the atmosphere-surface 

system)  
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Figure 5.1  Earth’s energy balance diagram from Trenberth et al. (2009). The global 

annual mean Earth’s energy budget for the Mar 2000 to May 2004 period (W/m2). The 

broad arrows indicate the schematic flow of energy in proportion to their importance. 
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Types of climate models: 

 Climate models based on by their dimensions:   

Zero Dimensional Models (0-D): 

consider the Earth as a whole (no change by latitude, longitude, or height) 

One Dimensional Models (1-D):  

allow for variation in one direction only (e.g., resolve the Earth into latitudinal zones or 

by height above the surface of the Earth) 

Two Dimensional Models (2-D): 

allow for variation in two directions at once (e.g., by latitude and by height)  

Three Dimensional Models (3-D) (mesoscale (regional) models, General Circulation 

Models (GCMs) and Earth System Models (ESMs)): 

allow for variation in three directions at once (i.e., divide the earth-atmosphere system 

into domains, each domain having its own independent set of values for each of the 

climate parameters used in the model. 

 

 

 Climate models based on  included  basic physical processes:  

Energy Balance Models: 

0-D or 1-D models (e.g., allow to change the albedo by latitude) calculate a balance 

between the incoming and outgoing radiation of the planet; 

Radiative Convective Models: 

 1-D models to model the temperature profile the atmosphere by considering radiative 

and convective energy transport up through the atmosphere.  

General Circulation Climate Models: 

2-D (longitude-averaged) or 3-D climate models solve a series of equations and have the 

potential to model the atmosphere very closely as well as some  atmosphere-land-ocean 

coupling 

Earth System Models: 

3-D fully-coupled, global climate models of  atmosphere, land, ocean, sea ice and human 

dimension 
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Example of ESM: 

http://www.cesm.ucar.edu/ 

The Community Earth System Model (CESM) is a fully-coupled, global climate model 

that provides state-of-the-art computer simulations of the Earth's past, present, and future 

climate states. 

Consists of 4+ geophysical component models (atmosphere, land, ocean, sea ice) on 

potentially different grids that exchange boundary data with each other.  

 

 

 

Modeling climate’s complexity. This image, taken from a larger simulation of 20th century 

climate, depicts several aspects of Earth’s climate system. Sea surface temperatures and sea 

ice concentrations are shown by the two color scales. The figure also captures sea level 

pressure and low-level winds, including warmer air moving north on the eastern side of low-

pressure regions and colder air moving south on the western side of the lows. Such 

simulations, produced by the NCAR-based Community Climate System Model, can also 

depict additional features of the climate system, such as precipitation. Companion software, 

recently released as the Community Earth System Model (CESM), will enable scientists to 

study the climate system in even greater complexity. (©UCAR) 

http://www.cesm.ucar.edu/
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.Doherty et al.(2009): The needs   
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See Ghan and Scwartz (2007) 
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Figure 5.2  The range of scales of models vs. observations.  

 

 
 

Figure 5.3  Multiple processes involving aerosols and clouds.   
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Figure 5.4  Schematic picture of the microphysical processes that influence the number 

size distribution and chemical composition of the atmospheric aerosol particles (Raes, et 

al., 2000).  A number size distribution, with nucleation, Aitken, accumulation and coarse 

mode, is schematized in the background, illustrating that the highest number of particles 

are usually found with the smallest particles. 
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Four major processes by which clouds can impact aerosol populations: 

• Vertical transport 

• Scavenging processes (both with water and ice hydrometeors) 

• Chemical processes in cloud drops 

• Particle formation near clouds 

 

 
 

 

Figure 5.5 A schematic diagram of the in- or near-cloud processes that can alter the 

aerosol size distribution. 
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The range of scales  

 

 


