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2000: Focus on role of black carbon 
and short-lived climate pollutants 

If sources of CH4 and O3 precursors were reduced in the future, the 
change in climate forcing by non-CO2 GHGs in the next 50 years 
could be near zero.  
Combined with a reduction of black carbon emissions and 
plausible success in slowing CO2 emissions, this reduction of non-
CO2 GHGs could lead to a decline in the rate of global warming, 
reducing the danger of dramatic climate change. 

Another milestone. Tami Bond completed her dissertation: Light 
absorption by primary particles from fossil-fuel combustion: 
Implications for radiative forcing.   



Fast forward to 2013: The paper 
known as “Bounding-BC” 

173 pages – 31 authors – 4 years  

Supported by International Global Atmospheric Chemistry (IGAC) 



Biggest press headline from Bounding-BC 



Behind the headline: Big message from Bounding-BC 
Comprehensiveness:  When you change emissions of black carbon,  
you change all its effects in the Earth system.  

Many 
models 
simulate 
just this part 

Some 
models 
simulate 
these 
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Comprehensiveness: When you change emissions of black carbon,  
you change all its effects in the Earth system 

Many models 
simulate just  
this part 

Some models 
simulate these 

The goal of Bounding-BC was to set up a framework that accounts for  
each of these pieces. We expect that the estimate will change.  

All affect the 
total 
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Bounding-BC forcing estimate was 
high for two reasons 

1.  Larger amount of black 
carbon in the atmosphere 
than in some other 
studies.  

 
(Used observations to adjust models) 
2.  More forcing by each 

gram of black carbon 
than in most other 
studies. 

 
(Included many atmospheric 
changes, including some cloud 
effects) 



Comprehensiveness: When you change a single source,  
you also change all pollutants that are emitted 

black carbon 
organic carbon 

carbon dioxide 
nitrogen oxide 

Scientific term: 
“Co-emitted species”  

and if we weren’t 
looking at a 
vehicle, likely sulfur 
dioxide 



Comparing two kinds of particles 

Black carbon Organic carbon 
Often unburned fuel Made in flames 

1 gram absorbs as much sunlight  
as ~10 black umbrellas 
 
Absorption makes the Earth hotter 

1 gram reflects as much sunlight 
as ~3 white umbrellas 

 
Reflection makes the Earth cooler  

Remember comprehensiveness – Both alter clouds, too 
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Comprehensiveness: When you change  
emissions of black carbon and co-emitted species,  
you change all the effects in the Earth system 

Just black  
carbon. The 

headline 

Black  
carbon 

and  
everything  

else 
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Maximizing and grabbing the 
black carbon headline is not 
one big animal that you can 
tame… 

…it’s more like a flock of rabbits 
that you have to catch, but not 
all the rabbits look alike, or are 

even  rabbits . 



Each source (rabbit) has a different character 

Different amounts of organic carbon and sulfur  
Different location of emissions 
Different ease of mitigation 
And more! 

Particle heating spectrum 

Diesel  
engines 

Brick 
kilns 

Warming Cooling 

Heating 
with  
Coal 

Cooking 
with  

Wood 

Forest 
burning 

Coal 
power 
plants 

This also depends on the fuel and user 



We need to reduce particle emissions 
for health reasons. 

Particle heating spectrum 

Diesel  
engines 

Brick 
kilns 

Warming Cooling 

Heating 
with  
Coal 

Cooking 
with  

Wood 

Forest 
burning 

Coal 
power 
plants 

The most climate-friendly reductions are sources with a lot of BC 
compared to other pollutants. 
 
(Even if they are close to neutral on the particle heating spectrum, they are more 
 friendly than other sources.) 



Bounding-BC forcing estimate was high for two reasons 
1.  Larger amount of black carbon 

in the atmosphere than in some 
other studies.  
(More rabbits) 

 

2.  More forcing by each gram of black 
carbon than in most other studies. 
(Bigger rabbits) 

 

• As expected, the science is evolving. 
• Later studies now suggest there is less black carbon in the 

atmosphere than Bounding-BC estimated (fewer rabbits).  
• This does not change the importance of each rabbit. 
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Take-away messages 
• Black carbon on its own has a high positive 

forcing. 
    It is made up of contributions from many sources, and… 

• For a number of reasons, but mostly due to co-
emitted pollutants, some sources that emit black 
carbon warm the atmosphere, and others cool it. 
   Even for sources with net cooling… 

• Improving human health needs particulate 
matter reductions;  
the most climate-friendly reductions address 
sources with more BC. 
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