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Introduction

Il Absorption of solar radiation by black carbon (BC) aerosol has a positive
direct radiative forcing on the climate system

Figure 1: Annual Community
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Objective: Answer These Questions

'l How much of observed model variance can result from vertical distribution?
'l What is a realistic range of black carbon forcing, since vertical distribution is paorly
constrained?

Radiative Transfer Model

mean black carbon column
load (in "g/m3).
(from Koch et al., 200p
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! Cloud and BC fields vary in global climate models (GQKch et al,
2009)

'l ConclusionExplore sensitivity of global BC forcing to cloud-aerosol location

NDRF: A Measure of Black Carbon Impact

11 Metric of interest imormalizeddirect radiativeforcing (NDRF, W/g)

Forcing
NDRF — Column Forcing _ Area _ Forcing
Column Burden ~ Mass Mass
Area

Il Can apply to varying emission rates & lifetimes to determine total forcing
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Figure 2: Basic explanation of StreamerOs operation as well as cloud types

the modelOs input parameters.

BC Forcing by Cloud Type

BC NDRF calculated for 9 casesbove4 cloud typesBelowsame 4 cloud
types,Clear sky

RF = Difference in top-of-atmosphere (TOA) flux between aerosol and no-
aerosol STREAMER runs

Sky Cover NDRF (W/g)

Clear Sky (CS) 1,050

Low (LC) Below 244

Above 2,790

Medium (MC) Below 229
Above 3,100

Cirrus and Cirrus-like (HC) Below 436
Above 2,140

Deep Convective (DC) Below 23
Above 5,530

NDRF is:

!l Nearly3x higherthan clear skyabove low cloudsandabove mid-level
clouds

Il Much lower when shielded by optically deep clouds, but still non-zero



First-Order Global Average

11" Black carbon profile from field campaigns summarized in Koch et al., 2009

Figure 4. An example of
a high-latitude (left) and
mid-latitude (right) BC
profiles. The black line
is field campaign data
that was used to estimate
a global profile, the other
colors are AEROCOM
model-produced profiles
(from Koch et al., 200p
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Il Sky coveragedata from the International Satellite Cloud Climatology
Project (ISCCP)

Il Long-term satellite measurements to determine time-averaged clear sky
and cloudy sky fractiondRpssowet al., 1998.

Weight each case by sky coverage and column BC above and below each

cloud for a first-order estimate of NDRF:

NDREwg = fesNDRF + E SieNDRE, B ¢ + E JicNDRFy, B,

NDRF case-dependent normalized direct radiative forcing values
f ISCCP-derived cloud fraction for each sky case
! fraction of total column BC above (A) or below (B) cloud top in each
XC (qupscripy  type of cloud
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Figure 5. Normalized graphs showing global black carbon burden weighted by sky fraction (left) and the
corresponding global forcing contribution predicted by the model (rigiidte the significant importance in the
contribution of BC above mid and low-level clouds to average NDRF relative to their mass fraction

Comparison with 3-D Global Climate Models

Comparison with other GCM NDRF: N
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Il Globally-averaged BC profile
Figure 6. Boxplot showing spread of

Il Model sky coverage fractions
NDRF = 1430 W/g

1l Actual model NDRF = 1210 W/

globally-averaged BC NDRF produced by
17 AEROCOM models along with an
estimate produced by our weighting model
ingreen

Sensitivity and Range of NDRF

How much does can varying the vertical distribution affect NDRF?

Il Small perturbation example: a +/- 5% perturbation at low cloud tops,
+/-2% (mid-cloud tops), and +/- 1% (cirrus and deep convective)

11 ORealO boundary profilesMax/min RF produced by BC profile in a single
CAM gridbox

Il Extreme boundary profiles: Lofting all black carbon above clouds or
restrictingall the column burden to the surface

. Small pertutbation example

Extreme model boundaries
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Figure 7. NDRF variation relative to the base case defined in OFirst-Order Global AverageO for three examples of

different vertical profiles desbcribed above.

Il Required to double forcing: 85% of column burden >BBa(4 b 5 km)

3 BC/Cloud Covariance and 3-D Profile Analysis

D

11 1storder model simplistic; doesnOt consider potential BC/cloud covariande

Il By using 3-D model output we can consider regional cloud and burden effects

by allowing them to vary horizontally before weighting
Il NDRF~3% lower than simple averagingt¢p 2) if we calculate BC/cloud
type breakdown in eadjridboxand weight by column burden
!Il' Hold total burden and horizontal BC distribution constant (CAM) -> two
vertical profiles were analyzed:
'l Direct CAM output CAM)

Il High BC mixing ratios in mid-upper troposphere relative to obsetkedH( et al.,
2009 result inhigh NDRF due to BC forcing above mid -and upper-level clouds

'l Constant mixing ratio through 3.4 km (2.0 outside tropiC8)JIR )
11 Profile used irRamantharand Carmichael (2008highest published BC forcing
Il Produces higher peaksméar-surface BG< 600hPg than CAM
'l Overall NDRFincreases 5%due tonear-surface B@ver low cloud increase

CMR
cam

Figure 8. Figures showing the average BC level burden and mixing ratio as a function of pressure (height)

between the two types of 3-D profiles employédbte the difference in the peaks of low-level BC between th
CMR and the CAM runs.

Summary of Results

11" BC forcing issignificantly higher aboveany cloud of sufficient optical depth

Il All other variables equal, individual column forcinway vary +/- 50%
depending on the vertical structure of B€suming realistic profiles

Il A constant mixing ratio (or similar) profil&kamanathaand Carmichael,
2008) may result in an approximd® increase in NDRF relative to a typid |
GCM due to increased BC above low-level clouds

'l While BC vertical distribution plays a role in published globally-averag :d
forcing differencesit is unlikely the key mechanism driving variance

Acknowledgements

Funded by the U.S. EPA Climate Office through a subcontract to RTI, International
! Travel funding courtesy dRacheffStudent Travel Grant Award
I Thank you to all of the members in the Bond Research Group at the University of Illinois




