Bounding the role of black carbon in the climate system:
A scientific assessment

Why should I care about black carbon?

Black carbon is a small, dark particle that warms Earth’s climate. Although black carbon is a
particle rather than a greenhouse gas, it is the second largest climate warmer, after carbon
dioxide. Unlike carbon dioxide, black carbon is quickly washed out and can be eliminated
from the atmosphere if emissions stop. Reductions would also improve human health.

How does black carbon affect climate?
Black carbon absorbs sunlight and heats the atmosphere. It can also change the brightness
of water and ice clouds.

Black carbon darkens ——— Black Carbon (BC) Aerosol Processes in the Climate System
snow and accelerates _ ,
Iting. All these changes —_— T A Tt
me . - S el - warmin coolin
& oo L aAnees — LTI
shown in the figure, alter N ol
i Scattered solar L i 53 Aerosol lofting
the amount of sunlight e LS "_(f by convection | -
. “A,ﬁ_r—» - '-_:'F"-». ‘%"QG, e Sl ?:-';_:.. L .}# B rf_‘; i |
reaching the Earth. bl i W . q;mm.;mw £ Micod-pRase cloud efiects.
g e SRR P U tion [aaching 10 3V A" E_Metwarming from8C "
CLiquid clowd effects: Netcosling " "9 and dimming of ¢ [| - mucleason effect—
What is the “Bounding- ,Zmﬂm"‘i"ﬂé 4, G-
” ¢ Qece. S it - v
BC” study? ST il Vortica aivectien f:.\ )

1 1 BC ing and
Policymakers are consid- - p— 0&7 N I,
. . BC by rain * A
ering actions that slow Meercontnenaand regionalansport ol ermaly 747 L, \
climate  warming by I — -

reducing black carbon e |
. . . by BC deposition to
emissions. This assess- micHatitusle saow and ..

ment is an effort of 31
experts around the world
to provide scientific sup-
port for policy decisions,
and was initiated by the

International Global
Atmospheric  Chemistry
Project. The treatment iS Sources of black carbon aeroso| and co-emitted species

comprehensive, because it

includes all the known ways that black carbon affects the climate system; quantitative, by
providing best estimates and uncertainties using global models and observations; and
diagnostic, identifying the reasons why estimates differ.

Is the estimate of black carbon climate influence different from previous work?

The best estimate of climate impact from direct absorption is about a factor of two higher
than most previous work, including the estimates in the last Intergovernmental Panel on
Climate Change (IPCC). Many models simulate lower absorption than observed in the
atmosphere and thus underestimate warming by black carbon. Causes of the mismatch
include underestimated emissions in certain regions and the way absorption by black
carbon particles is treated in some models. The higher level of absorption was suggested by
a few earlier papers and is supported by the evidence reviewed in the assessment.



Does the climate

impact change when Global climate forcing of black carbon and co-emitted species in the industrial era (1750 - 2005)
Estimat

the influences of Climate forcing terms (Uncertainty range) |LOSU
[ T 1L 1. 7T ] T 1 T 1 | ope e T l B0 CoR LB 0 . | o | [ T T 1 ] T 1 T

clouds and snow are BC direct effects

. Atmosphere 0.71 (0.08, 1.27)

included? absorption & scattering E—' 0 17 7%

Each Component of BC cloud indirect effects [~ Semi-diroct effect (-0.10)

) Combined liquid cloud 24 |
black carbon forcing o sese aa | H—H 02(061,01) | Low
and its uncertainty BC in cloud droplets )—=—{ 02(01,09) | e
was assessed (figure). Mixed-phase cloud e , 018(0.035 | Ve

. BB ncustrial era |
Including all effects s | Pre-incusial ra ooroac | Ve
e 90°% confidance | i
makes the best BC snow and sea ice effects £ Fossil fuel {0.29)
3 Soluel (0.22)
eStlmate Of Cllmate BC snowpack effective forcing E_l g ?)mn _n!uzrlnznfg i0.20)| 0(;?3;0 014,0.30) Med
impact more warming. BC sea ice effective forcing B 0.0000012.008 | Low
CIOUd Changes are not Total climate forcing 11047, 2.1)
well understood, so BC only I — |
the total effect is also BC + co-emitted species
. . } i | -0.06 (-1.45, 1.29)
quite uncertain, but | (BCeh sourcesony)| | | 1 1
o ) (5 L I 1 s a0 o o 2 2 0 8 & 2 3 (TN | LAl
there 1is still high 15 1.0 05 0 05 10 15 2.0

Climate forcing (W m-2)

confidence that black
carbon leads to
warming.

Quantitative estimates of black carbon influence, expressed as “climate
forcing,” or perturbation to Earth’s energy balance. The upper red bar
can be compared to the direct forcing of +0.34 W m=2 from the IPCC
Will shutting off Fourth ASsessment report. The addition offorcin"g comporfents to give
net forcing (lowest red bar) was one contribution of this work. For

every source that
Y comparison, carbon dioxide forcing in the year 2005 was +1.66 W m-2.
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reduce this large
warming?

Not necessarily, because each source also emits other species, including other particles and
ozone-forming gases, that may warm or cool the climate. The short-term climate impact of
emissions from all black carbon sources is a slight cooling with large uncertainties; it could
be positive or negative. However, individual sources that emit mostly black carbon can be
targeted to reduce a portion of the warming.

What sources are most likely to reduce warming if their emissions are eliminated?
Diesel engines are the most promising, followed by some types of wood and coal burning in
small household burners and some kinds of industrial processes. Eliminating open
vegetation burning is least likely to reduce warming, although it could be beneficial near
snow and ice. Both the immediate climate impact of air pollutants and the long-term
climate change from greenhouse gases are important.

What is different about this assessment?

It provides a framework to estimate climatic impacts of mitigation actions, in contrast to
traditional methods that focus on individual chemical species or physical effects. This
framework is designed to be updated as the science of black carbon moves forward.
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