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Overview

e Short lived climate forcer concept

e Black carbon climate effects

e Estimates of magnitude

e Arctic focus

e Overview of current and projected emissions
e Considering full suite of emissions by sector
e |ssues comparing black carbon to GHGs



Short Lived Climate Forcer Concept

« Shorter atmospheric lifetime = faster
climate response after reducing
emissions

 Many forums/organizations have
recently adopted this term

— Climate and Clean Air Coalition to Reduce
Short Lived Climate Forcers (CCAC)

— Arctic Councill
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and sometimes tropospheric ozone
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 Terminology can be confusing!

— CH, and HFCs are part of ‘basket of
GHGs'’ that are long-lived, well-mixed in
atmosphere



Black Carbon (BC) Aerosol Processes in the Climate System

Aircraft emissions asrs o T -
sinigen Ice cloud effects: warming or cooling
- " from BC nucleation effects
Scattaradiy d’c:‘“ ., Q’b Aerosol lofting
h sl (¢ . 4 d« by convection
radiation Vs f‘gq‘ ¥ o i ch'é' e
_aaldi ._.‘\"""\r\ -5‘0/6 ab : e B “6“‘ e_{\(.- g ) —u_ .
A [ mmem ] W, ’fadf men of mcummg oo™ S Mlxed phase cloud effects:-_
/--L =l =S T ) '3'“:‘);,” aﬁon leading 1o ab tn® v;’i'a _Net warming fromBC ™
b

~Liquid cloud effects Netcooling “ and dimming of fhe® "“dfi"?" eﬁec“ S~

\-from BC albedo, lifetime, and = 3 P A SN

fsr-.-ml durect effects -
r - fa S j_ﬁ—- \1
= PR Vertical advection (’& V)

and mixing X
BC scavenging and <
wet removal by precipitation Surface deposition 5 * T
of BC by rain S A

Intercontinental and regional transport of internally ~ 2"s"W = o

and externally mixed BC-containing particles

nternal Mixing with organics, Sulfr -
CeSS'-n nd ae'[050|5 : "
ses @

Surface warming
by BC depositionto |
mid-latitude snow and ...

. T

Open burning ] o As: -
(savannas On-road cars !’ i — - S
and forest and trucks _f;h - to polar SNOW

and sea ice

Agricultural
bum@
Brick -';

Residential kilns || [

cooking Petrochemlcal

and Coke- ﬂnﬂn

heating making " —

Industrial emissions ~— Ship emissions ~—~

Sources of black carbon aerosol and co-emitt,ed species 4

fires)

Off-road
vehicles

Source: Bond
et al. (2013)
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warming agents

« BC warming effect less certain
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than well-mixed GHGs

« |PCC AR5 estimate of BC
warming effect is twice as large
as AR4

AR5 estimate is within the
range presented by EPA RTC

« AR5 estimate is somewhat
smaller than Bond et al.

I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Land Use

Solar Irradiance
R

(major multi-author paper including
EPA authors published in January
2013)

0.0 0.5 1.0
Radiative Forcing [W m™)

1.5

Source: IPCC AR5 WG1, Chapter 8, 2013



Evolution of level of understanding of different climate agents (1995 to 2013)

Well-mixed GHGs have always been, remain best understood; understanding for black
carbon/aerosols improving, but interactions with clouds remain largest uncertainty

weil Mixed cHG [IEENEEE I

Tropospheric ozone
Stratospheric ozone

Stratosph. water vap.

Aerosol—radiation interac.

1
Acrosol=cloud Interac. ———

RA aero.—rad. interac. e I".-“Erj.r High
RA aero.—cloud interac. High
Surf. alb. (Land Use) _— Medium
Surf. alb. (BC on snow) Low
Contrails — I"a"erj.r Low
Contrail—=induced Cirrus Mo estimate

Solar irradiance
Volcanic aerosol

SAR TAR AR4  ARS

Source: IPCC AR5 WG1, Chapter 8, 2013



Surface temperatures in the Arctic are increasing at about
twice the rate of those in the rest of the World

h?’,‘ Al'admf" 1 'ﬁﬂanada '

-t-'- | NS °
Difference from average temperature ( C)

Figures by NOAA _('5_ 0

+6
Temperature anomaly (° C) for Temperature anomaly (° C) for
October 2011 - September 2012 2001-2011 relative to 1971-2000.
relative to the 1981-2010 average.




Declining Sea Ice Extent...role of/for SLCFs?

Min. ice extent, 5 Sept. 1980

Min. ice extent, 16 Sept. 2012
Source: NSIDC
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Climate effects of black carbon emissions

The impact of BC on snow and ice causes additional warming BC in northern hemisphere mid-latitude snow leads to

in the Arctic region and contributes to snow/ice melting.
VERY LIKELY BUT MAGNITUDE UNCERTAIN
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Absorbing aerosols may have
caused changes in precipitation .

" patterns with largest effects likely
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— causes a northward shift in the ITCZ.
LIKELY.

The hemispheric nature of the BC forcing

)
Absorbing aerosols may cause circulation changes
over the Tibetan Plateau and darkening of the snow.
The importance of this for glacier melting is unknown.

earlier springtime melt and reduces snow cover in some
regions. LIKELY BUT MAGNITUDE UNCERTAIN

Source: Bond
et al. (2013)



Black carbon and co-emitted species by region and source in 2000
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Black carbon emissions by latitude and source type
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Global vs. U.S. black carbon emissions

» The United States currently
accounts for approximately 8% of
the global total, and this fraction is

declining.

Global BC Emissions, 2000 (7,600 Gg)
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> U.S. 2005 BC emissions = 640,000 tons,

or approximately 12% of all direct PM, ¢
emissions nationwide.

» Mobile sources are the largest U.S. BC
emissions category.

» Diesel engines and vehicles
account for 93% of mobile source
BC emissions.

Source: EPA (2012) Report to
Congress on Black Carbon
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What about net
warming/cooling

effects by sector?

Short-lived species only
e Some categories are net
positive (red)

e« Some are net negative
(blue)

e Some are uncertain— sign
unknown
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Projected U.S. Mobile Source Black

Carbon Emissions
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Comparing BC to GHGs

* IPCC (2013) has synthesized available metrics in literature

e Our RTC discusses metrics at length (chapter 2)

» Bond et al. (2013):
“Black carbon and CO, emission amounts with equivalent 100-GWPs have different
Impacts on climate, temperature, rainfall, and the timing of these impacts. These and
other differences raise questions about the appropriateness of using a single metric to
compare black carbon and greenhouse gases.”

Table 8.A.6: GWP and GTP from the literature for BC and OC for time horizons of 20 and 100 years. For the reference
gas COs, RE and IRF from AR4 are used in the caleulations. The GWP100 and GTP 100 values can be scaled by 0.94
and 0.92, respectively, to account for updated values for the reference gas C0y. For 20 vears the changes are negligible.

GWP GTP

H=20 H=100 H=20 H =100
BC total, global® 3200 (270-6200) SO0 (100—1700) 920 (95-2400) 30 (5-340)
BC (4 regions)* 1200 = 720 345 =207 420 = 190 3625
BC global® L.e00 460 470 04
ntcration -albedo, global®  2O0=LS0 8302440
OC global® =240 —64 =Tl —10
OC global” —1a0 (—60, =320 —46 (-18, -92)
OC (4 regions) —160 = 168 —46 =20 -55=16 -7.3£2.1

Notes:

(a) Fuglestvedt et al. (2010)

ib) Bond et al. (2011). Uncertainties for OC are asymmetric and are presented as ranges.
ic) Bond et al. (2013). Metric values are given for total effect.
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Summary thoughts

Increased attention on role of BC in climate change

Generally estimated magnitude of climate effect has increased with
latest findings

Uncertainties remain high relative to understanding for GHGs

Important role of geographic location and (cooling) co-emissions
mean climate effects are variable by source and therefore by
mitigation option

U.S. transportation sources, especially diesel sources, have a high
BC:OC ratio and are thus a net warming source, but are on
downward trajectory (not necessarily so for other world regions in
near term)

Metrics are available to compare with GHG climate effects, but no
commonly accepted approach, so use with caution
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