Reducing uncertainty in black-carbon
climate forcing using a new inventory and
high-resolution model

Rong Wang!?, Yves Balkanski?, Olivier Boucher3,
Philippe Ciais?, Gregory L. Schuster4, Frédéric
Chevallier?, Bjgrn H. Samset>, Junfeng Liu!, Shilong
Piao!, Myrto Valari®, Shu Tao?

Contact Person: RW (rong.wang@lsce.ipsl.fr)

1. Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences,
Peking University, China. 2. Laboratoire des Sciences du Climat et de 'Environnement, CEA
CNRS UVSQ, France. 3. Laboratoire de Méteorologie Dynamique, IPSL/CNRS, Universite
Pierre et Marie Curie, France. 4. NASA Langley Research Center, Hampton, USA. 5.
CICERO Center for International Climate and Environmental Research, Blindern, Norway. 6.
Laboratoire de Météorologie Dynamique, IPSL/CNRS, Ecole Polytechnique, France.

(U ) SOFIE, Sep 2015

LSCE



Impact of aerosols on the Energy Budget

Irradiance Changes from Irradiance Changes from
Aerosol-Radiation Interactions (ari) Aerosol-Cloud Interactions (aci)

Radiative Forcing (RFari) Adjustments Radiative Forcing (RFaci) Adjustments

Effective Radiative Forcing (ERFari) Effective Radiative Forcing (ERFaci) ARS

from IPCC-AR5,2014



Role of black carbon in the Climate Change

Components of Radiative Forcing

TR R B S from |PCC-AR5,2014
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Direct Radiative forcing (DRF) of BC

BCDRF=E X L X MAC;. XAFE
= BC AAOD XAFE

O E, global emission rate of BC;
O L, global mean lifetime of BC;

O MAC, global mean mass absorption cross section, dependent on the
mixing state of BC,;

O AFE, global mean absorption forcing efficiency (forcing per AAOD),
depending on the vertical profile of BC.

OBC AAQOD, global mean aerosol absorption optical depth of BC



A huge gap in modeling BC AAOD (8 models)

Model Observation
Region # Pairs AeroCom AAOD AERONET AAOD Ratio
North America 140-220 0.0024 0.0047 1.96
South America 80110 0.0049 0.0084 2.49
Middle East 20-35 (.0042 0.0110 2.63
Africa JO0-110 0.0052 0.0170 3.29
Europe 90-120 0.0052 0.0083 1.59
EECCA 40-60 0.0079 0.0133 1.68
South Asia 15-20 0.0069 0.0427 6.20
East Asia 30-60 0.0099 0.0280 2.84
Southeast Asia 25-30 (.0053 (.0252 4.75
Japan/Oceania 3540 0.0015 0.0053 3.57
Polar land 06 1.00
All oceans 140-210 0.0049 0.0132 2.04

from Bond et al., JGR, 2013



Development of a new BC inventory

New BC Emission Inventory (PKU-BC)

Global BC emissions:
O PKU-BC: 9.0 Tg / yr
O MACCity: 7.4 Tg / yr
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Model simulations

0 Model resolutions:

1> A global model with a coarse resolution of 1.27° latitude by
2.50° longitude

2> A global model zoomed to aresolution of 0.51° latitude by
0.66° in Asia
3> A regional CHIMERE model (0.1° latitude by 0.1° longitude).



Enhancement of the model resolution
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Change of the BC light absorption (AAOD)
by improving the model resolution and
emission inventory
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Modelled BC AAOD, =100

Comparison of modelled and observed

BC light absorp
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Three methods to estimate the BC
radiative forcing (RF)

The “bottom-up” methods (only trust model).

The “top-down” methods (only trust observation).

The “data-assimilation” methods (trust both
model and observation, making full use of their
Information by combining the uncertainties).



Uncertainty in the “bottom-up” methods

Emissions: from Monte Carlo simulations (Wang et al., 2014);

Lifetime of BC: a relative standard deviation (RSD) of 27%
(Bond et al., 2013);

Mass absorption cross section: MAC of BC varies from 4.3
to 15.0 m? gt among the 16 models (Bond et al., 2013). After
excluding the maximum and minimum values, the average
and standard deviation is 8.5+2.2 m? g1, so an RSD of 26%
IS applied for the uncertainty of the BC MAC.

Host model uncertainty: an RSD of 11% (Stier et al., 2013);

Vertical profiles of BC: an RSD of 13% (Samset et al., 2013);



The “top-down” methods

We used a method close to that used in Bond et al., JGR, 2013. The RF of
BC is scaled based on AERONET and HIPPO observation according to 8
continental regions and 3 remote oceanic regions.

90N :
o7 {_, =t _
60N : .
N 5L e o KOO
NA ME [ %sASY |,
° IR S0
g SIS

0B oL L R — @;
60 Sl N :
90%

120W 60W 0< 60E 120



The “data-assimilation” methods

We apply the optimal Bayesian theory to estimate an optimal scaling factor, s,
which is used to scale the BC AAOD or burden and thus RF from the bottom-up
method, and its variance, Vs:

V° \Val 0
S — 0 m + 0 m )
V°+V V V'™ m
veo.ym 1 v \/° is the error variance of the observations;
S . .
V v VM is the error variance of the model from the

VO +V™ m? bottom-up method:
v’ 0 is the average of the AERONET or HIPPO
observations;
v" m is the model average at the AERONET or
HIPPO locations.



BC RF, Wm™

Estimated radiative forcing of BC and the
uncertainty range (90% confidence)

=
o

[ =

O
o

o

Global average, annual mean BC RF

Before improvement

0.49
0.26 T

——

040 ¢

After improvement

+O.29 l

0.39 0.38 |

Previous study

Bond et al.,2013

0.08-1.27

-

Bottom Top-down Data

-up Assimilation

Bottom Top-down Data

-up Assimilation




Conclusions

1. The bottom-up estimate of BC RF is 0.26 W m-2 by a coarse-resolution model
and a traditional inventory, and 0.29 W m-2 by a high-resolution model and a
highly disaggregated inventory.

2. The top-down estimate of BC RF is 0.49 W m-2 by a coarse-resolution model
and a traditional inventory, and 0.39 W m-2 by a high-resolution model and a
highly disaggregated inventory. The difference between the bottom-up and top-
down estimates is reduced by using the new inventory and high-resolution model.

3. The data-assimilation estimate of BC RF is 0.40 W m-2 by a coarse-resolution
model and a traditional inventory, and 0.38 W m-2 by a high-resolution model
and a highly disaggregated inventory. Importantly, the uncertainty is successfully
reduced from 0.04-1.02 W m-2 to 0.11-0.85 W m-2, indicating that a systematical
error is removed.
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