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How do Global Soot Models Measure Up? 

By Dorothy Koch — November 2009 

Dark pollution particles popularly known as soot but also called black carbon probably 
contribute overall to global warming. Suspended in the atmosphere or deposited on snow, 
these particles absorb sunlight and warm the air or snow. Sources of black carbon include 
burning of wood and other biofuels, for domestic heating and cooking and in forest and field 
burning, and combustion of fossil fuels, especially coal and diesel. 

Accurate modeling of soot is a critical component in climate models. However, particles are 
more challenging to model than greenhouse gases, and soot particles are particularly tricky to 
simulate correctly. Like other tiny atmospheric particles called aerosols, black carbon (BC) has 
a short lifetime in the atmosphere of about a week because it is removed by rain or snow. 
However, BC aging in the atmosphere increases its uptake into clouds and therefore its 
rainout, and its ability to absorp heat. In our study, we tested 17 recent global BC models 
from an aerosol model intercomparison group known as AeroCom against a variety of 
measurements. 

  

Figure 1, above: Surface concentration of black carbon for average of AeroCom models (left) 
and observations (right). Units of the scale are ng/m3. (View larger GIF or PDF.)  

The simplest test compared modeled and measured BC air concentrations. Figure 1 shows BC 
measurements and the average of the 17 models at the Earth's surface. The largest BC 
pollution occurs in Southeast Asia and Europe. Overall the models do a reasonably good job, 
although they typically underestimate BC in China. Note that many regions lack long-term 
measurements.  

  

  

+ GISS Home 

Page 1 of 3NASA GISS: Science Briefs: How do Global Soot Models Measure Up?

5/17/2010http://www.giss.nasa.gov/research/briefs/koch_05/



Figure 2, above: Aircraft BC concentration profiles from the surface (high pressures) to the 
upper atmosphere (low pressures) from measurements (black) and individual AeroCom 
models (colored) for the North American south (left panel) and Arctic (right panel). (View 
larger GIF or PDF.)  

The second test compared model BC concentrations in the atmosphere above the surface with 
measurements made by aircraft. Figure 2 shows modeled and measured BC profiles over 
southern and northern North America. In the south (left panel) the observations show a sharp 
decrease of BC as the aircraft rose upward. Most models do not simulate the small BC 
amounts above the surface very well. In the Arctic (right panel), the observations show large 
amounts of BC at the surface that increases above the surface. Most models do not have as 
much BC as observed. Furthermore there is little agreement among models in this region. 
Overall the models seem to have too much BC above the surface over pollution sources but 
they also do not transport enough BC to remote regions like the Arctic.  

Figure 3, at right: Aerosol absorption 
optical depth (×100) from the AERONET 
network (top), OMI satellite (middle), and 
average of AeroCom models (bottom). 
(View larger GIF or PDF.)  

The final test compared modeled and 
measured aerosol absorption, which 
indicates the amount of climate warming 
BC may cause. One measure of aerosol 
absorption in the atmospheric column is 
aerosol absorption optical depth (AAOD). 
AAOD is derived by AERONET, a ground-
based network of instruments called sun 
photometers that are used to calculate how 
much aerosols block the sun's energy as it 
passes through the atmosphere, and also 
from an Aura satellite instrument known as 
OMI. Since dust particles are also 
absorbing, AAOD is most meaningful as a 
constraint for soot in polluted and biomass 
burning regions and are less useful in 
desert regions. Figure 3 shows AAOD from 
AERONET, OMI and from the average of the 
models. The models generally have almost 
enough absorption in North America and 
Europe, but not enough in most other 
places, including Southeast Asia, biomass-
burning regions (South America and Africa) 
and in many remote locations. Overall the 
average of the AeroCom models 
underestimates BC absorption by about a 
factor of two.  

We concluded from this study that most 
models have enough BC at ground level in 
polluted regions, too much in the 
atmosphere above source regions, but not 
enough in the Arctic where BC may play an 
important role in contributing to Arctic 
warming and ice/snow melt. The models' 
soot generally does not absorb enough 
sunlight and therefore these models would 
underestimate BC heating effects. This 
probably results from underestimating the 
absorbing properties of the particles rather 
than the amount (mass) of BC.  

The next generation of aerosol models will 
include improved representation of mixing 
between BC and other chemical 
components and better handle the 
enhanced BC absorption from mixing. 
Improved information on particle size and source amount in some regions may also enhance 
model performance. Ongoing measurement networks, satellites and field campaigns continue 
to be critical to constrain and improve black carbon model development.  
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