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Why is aerosol emission?

Annual aerosol emission sources: IPCC, 2013

Sulfate
87.8~167.5 Tglyr

Sea Spray
1400~6800 Tg/yr

High uncertainty in aerosol emission

sources translates into a significant
uncertainty in aerosol climate effects

evaluation.




Observation vs. Simulation

o Satellite Observations — PARASOL/GRASP
— Products: spectral AOD & AAOD, AExp, SSA(A)

AOD 2008
EXAMPLES : PARASOL/GRASP  eo—)

e Model Simulations — GEOS-Chem

rence?
racy?

Model emission sources
BC, OC, Dust, etc.

“Prior Emission Sources”

l advection diffusion convection  deposition, etc.

|
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What's the accuracy?

Validate over 28 AERONET sites

Table. Summary of Linear Regression

vs. AERONET  |AOD | AAOD

PARASOL/GRASP R=0.85;
RMSE=0.16

Prior GEOS-Chem R=0.63;
RMSE=0.29

R=0.84,
RMSE=0.032

R=0.37;
RMSE=0.054

> PARASOL/GRASP VS. AERONET
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> Prior GEOS-Chem vs. AERONET
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General Concept of Aerosol Emission Retrieval

—\ | A= mit,x)= [ T(t,x)n(t' x)+ s(t, x))t’ Il. Model:
S\l t, :d 5 h
|. Observatigns }@ Tt =T, T, ., T,T, \ % | GEOS-Chem and
AP - its adjoint
PARASOL/GRASP e Transport Model:
Satellite data: INVERSION: <l | -meteorology
observations of ™= | (e.g. via adjoint )| - transport
ambient aerosol model) - chawistry
. - removal
1. Inversmn‘ I
Retrieved Emissions

« . — » Improved sources (location and strength)
Posterior Emissions Improved agreement of modeling with observations

Improved aerosol characterization for climate, air quality,ete.

Dubovik et al., ACP, 2008
Henze et al., ACP, 2007

Cost Function: j(s) =% Z (7(6) — Tops)TC L (t(0) — Tops)

TET, T,

to
Adjoint method: v j(¢,x) = f TT(t, x)(V(t’, x) + AM(t’, x))(—dt")

t

Spectral AOD and AAOD help to characterize DU, BC and OC aerosol emissions simultaneously.




Dust Emission (Tg/day)

BC Emission (Gg/day)

OC Emission (Gg/day)

Sensitivity Test — Invert synthetic measurements

s DU Figure. Spatial Distribution of true emission and the
25.8% difference between retrieved and true emission
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Co4 s s e e Symmary:

o v" 6 wavelengths AOD and AAOD from PARASOL/GRASP input
information are capable of determine the spatial distribution of
BC, OC and DU emissions simultaneously.

v" Uncertainty for daily total emission is ~26% for DU, ~8% for BC
and ~ 27% for OC

5% B s v"Uncertainty over the source region is less than ~30%
TRl v' The retrieval is initialized by “prior model” emissions with a
coor s s e background manually.

Day

. .. v" The emissions are assumed daily constant for DU and 4 days
Daily Total Emission Y y

constant for BC and OC.
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Results — Invert PARASOL/GRASP real data

m Retrieved emission sources vs. model prior sources

m Spectral aerosol optical depth distribution simulated from
retrieved sources vs. PARASOL / GRASP AOD

m Spectral absorption aerosol optical depth distribution simulated
from retrieved sources vs. PARASOL / GRASP AAOD

m  Comparison in statistics

Study area: Lat. [-40, 40], Lon. [-30, 60]

Time period: December 2007 ~ November 2008




Retrieved vs. Model prior Dust emissions

DEAD model (Zender et al., 2003)

SON

a. Prior DU Emissions: 1291Tg/yr
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Retrieved vs. Model prior Organic Carbon emissions

“Prior OC”: Bond anthropogenic inventory

a. Prior OC Emissions: 12.5Tg/yr and GFED3 inventory
DJF MAM A SON
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Seasonal OC Emission Unit: Gg/Season

b. Retrieved OC Emissions: 37.1Tg/vyr
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Retrieved vs. Model prior Black Carbon emissions

“Prior BC”: Bond anthropogenic inventory

a. Prior BC Emissions: 1.7Tg/yr and GFED3 inventory

DJF MAM A SON

o p Wy easor::a5 miséoign nit: 12’Season . " o ° 0
c. Retrieved BC Emissions: 6.9Tg/yf= " o Fmesen it 69 ‘ BC: +305.9%

SON

1.0e-3 25 5.0 15 10.0 125 15.0 17.5 20.00
Seasonal BC Emission (Unit: Gg/Season)



895nm 670nm 565nm 490nm 443nm

1020nm

c. Posterior

00 01 02 03 04 05 06 07 08 09 10

Aerosol Optical Depth

Fit of Aerosol Optical Depth

a. PARASOL/GRASP AOD

b. GEOS-Chem simulated AOD with prior
model aerosol emission

c. GEOS-Chem simulated AOD with
retrieved DU, BC and OC aerosol
emission

Table. Summary of Linear Regression

Prior vs. Posterior vs.
PARASOL PARASOL

443
490
565
670
865
1020

R=0.48; E=0.34
R=0.48; E=0.33
R=0.49; E=0.31
R=0.50; E=0.30
R=0.51; E=0.28
R=0.51; E=0.27

R=0.92; E=0.13
R=0.92; E=0.12
R=0.92; E=0.12
R=0.92; E=0.12
R=0.91; E=0.11
R=0.89; E=0.10
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443nm

490nm

c. Posterior

b. Prior

a. PARASOL

"""'"’i?‘z:
o B

Fit of Aerosol Absorption
Optical Depth

a. PARASOL/GRASP AAOD

b. GEOS-Chem simulated AAOD with prior
model aerosol emission

c. GEOS-Chem simulated AAOD with
retrieved DU, BC and OC aerosol
emission

»

895nm 670nm 565nm

1020nm

0.00 0.02 0.04 0.06 0.08 010 0.12 014 0.16 0.18 0.20

Aerosol Absorption Optical Depth

Table. Summary of Linear Regression

Prior vs. Posterior vs.
PARASOL PARASOL

443 R=0.14; E=0.044 R=0.91; E=0.023
490 R=0.14; E=0.039 R=0.91; E=0.019
565 R=0.14; E=0.034 R=0.92; E=0.015
670 R=0.20; E=0.029 R=0.92; E=0.010
- 865 R=0.33; E=0.025 R=0.91; E=0.008
1020 R=0.30; E=0.022 R=0.90; E=0.008
<4 >
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Prior/Posterior Model vs. PARASOL/GRASP
AOD and AAOD

Compare with Other studies

Angstrom
2.5 0.25
Prior Ma( Zhang et al., ACP, 2015
g g b April
ég sl 3 o - R?=0.41
. 4 ~] y=0.25x+0.007
05 0.05 0.4
) Prior Model
0.00 o 05 1.0 15 20 25 3.0 DIOOU.DD 0.05 0.10 015 0.20 0.25 0.30 'g 0.3
. . GEASPIF’AR‘ASOL AOb . - GRASP/PARASOL AAOD a
3.0+ 902
. 254
Posterior,Model o1 7 -
— - 2 0 01 02 03 04 05
2 1o os 5 OMI
o :: & 0.5- ==0.43
0.5 i ’ y=0.58x+0.015
Mo_o " os 10 1s 20 25 a0 MO. 0.05 0.10 015 0.20 025 0.30 0.4 H ‘
GRASP/PARASOL ACD GRASP/PARASOL AAOD 'g P OSte rl O r
: . 503
Reasons for better fit of observations: 2
o]
v" PARASOL/GRASP spectral AOD and AAOD allow us to determine DU, BC Qo
and OC emission simultaneously, correcting the major absorbers together °
is easier to find the best fit. 0.1
v"In retrieval, we weak the constrain of prior knowledge of emission

locations, which provide a better fit than constrain in particular pixels.



Validation with Independent AERONET

Measurements
> Prior GEOS-Chem vs. AERONET
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BC and OC aerosol emissions.

.o hroner (s> aso>

Prior GEOS-Chem R=0.63; R=0.37;
RMSE=0.29 RMSE=0.054

Posterior GEOS- R=0.73; R=0.71;

Chem RMSE=0.20 RMSE=0.044
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Implement retrieved emission into GEOS-5/GOCART model

MAM

a. MODIS Seasonal AOD at 550nm

+++ Winter: R=0.82, RMSE=0.11

xXx Spring: R=0.83, RMSE=0.13
-~ Summer: R=0.73, RMSE=0.19| ~

12 Autumn: R=0.67, RMSE=0.13
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b. GEOS-5/GOCART base Seasonal AOD at 550nm :
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X~ 0.76, RMSE = 0.14
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c. GEOS-5/GOCART posterior Seasonal AOD at 550nm

Posterior GOCART Aerosol Optical Depth
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MODIS Aerosol Optical Depth

dsee

L Note: GOCART AOD is daily
RSE=O‘13. R=0%6 24h average’ MODIS
overpassing time is at noon.

00 01

02 03 0.4 0.5 06 07 08
Posterior GOCART Seasonal Aerosol Optical Depth (550nm)



a. OMI Seasonal AAOD at 500nm

DJF
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c. GEOS-5/GOCART posterior Seasonal AAOD at 550nm
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The significant increment of correlation coefficient shows in summer and

d. GEOS-5/GOCART base vs. OMI
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which suggests more reliability of posterior aerosol emission at high biomass burning 16

aerosol loading seasons.



Preliminary global results

A satellite view of global desert dust and primary
carbonaceous aerosol emission database, 2006-2011

Model evaluation with AERONET and Satellite observations
Description of satellite based DU, BC and OC emission databases
Posterior model simulation with new emission databases
Perspectives and conclusions

AN NN
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Prior GEOS-Chem evaluation with AERONET and
PARASOL/GRASP observations

GC vs. AERONET

AOD

N5, R=0.48, SIope:l.O/i/
; foach ‘
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PARASOL/GRASP AAOD (550nm)

AOD dominant: max{AOD,./AOD, AOD,./AOD, AOD,,,/AOD, AOD,,,/AOD, AOD,./AOD }
AAOD dominant: max{AAOD,./AAOD, AAOD,./AAOD, AAOD,,/AAOD, AAOD,,,/AAOD, AAOD/AAOD }

Major findings:

1. Dust AOD and AAOD from the model are broadly overestimated.
2. BC and dust are the two major components dominate the AAOD. However, the BC
AAQOD is underestimated.
3. The prior model AAOD is significant underestimated, with the linear regression slope
~0.41 with AERONET and ~0.24 with PARASOL/GRASP.
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Prior AOD, AAOD, SSA and AExp (2006-2011)

Prior GEOS-Chem vs. AERONET
AOD AAQOD SSA AEXxp

Prior GC AOD (2006-2011) Prior GC AAOD (2006-2011) Prior GC SSA (2006-2011) Prior GC AExp (2006-2011)
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2006

2007

2008

2009

2010

2011

GRASP-based aerosol emission database (2006-2011)

Black Carbon

5
26.27Tg C

28.22Tg C

A f

27.01'Tg C

0.05 12.50 25.00 37.50 50.00
Annual BC Emission (Unit: Gg/Year)

Organic Carbon

P =
A * A

s

143.98 Tg C

¥

135.95Tg C

131.42 Tg C

N
0.3 75.0 150.0 225.0 300.0
Annual OC Emission (Unit: Gg/Year)

GRASP-based aerosol emission
database from 2006-2011.
Spatial resolution: 2° x2.5°
Emission Time resolution:

DU — 24 hours constant

BC — 48 hours constant

OC — 48 hours constant
Dust: 0.1 ~ 4.5 um (exclude
super coarse particles)

Annual Mean (2006-2011)
BC: 27.6 Tg/yr

OC: 132.5 Tg/yr

DU: 831 Tg/yr

< T
0.1 2.0 4.0 6.0 8.0
Annual DU Emission (Unit: Tg/Year)
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Global Black Carbon Emission (Tg/Mon)
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Comparison with prior GEOS-Chem inventories
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' GEOS-Chem BC Emission: -0.10 (-0.43, +0.24)Tg/yr, p<0.05

) - Black Carbon |
Retrieved BC Emission: +0.20 (-1.11, +1.50)Tg/yr, p<0.05

BC: +152%

2006

2007 2008 2009 2010 2011

" GEOS-Chem OC Emission: -0.70 (-3.09, +1.69)Tg/yr, p<0.05

Retrieved OC Emissi 0.67 (-5.19, +6.52)Ta/ 0.05 Organic Carbon|
etrieve mission: +0.67 (-5.19, +6.52)Tg/yr, p<O0. OC o
| OC: +181%

GEOS-Chem DU Emission: -40.56 (-134.46, +53.34)Tg/yr, p<0.05
Retrieved DU Emission: +1.62 (418.06, +21.30)Tg/yr, p<0.05 ] DU 38(y
1 « = ()

ol
2006

2007 2008 2009 2010 2011

Dust: DEAD dust model (Zender et al., 2003)
Carbonaceous: Bond anthropogenic inventory + GFED3 BB inventory
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Posterior GEOS-Chem AOD (550nm)

Prior GEOS-Chem AOD (550nm)

Posterior vs. Prior GEOS-Chem simulation

Post GC vs. AERONET
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Posterior AOD, AAOD, SSA and AExp (2006-2011)

Annual Mean (2006-2011) Posterior GEOS-Chem vs. AERONET
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Case Study: Annual cycle of South America biomass burning

Fire Map MODIS AOD GRASP AAOD BC OoC September

OC Emissions

MODIS AOD GRASP AAOD BC Emissions
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GRASP retrieval of chemical compositions

We add new elements and modify forward model in the GRASP algorithm

The comparisons of GRASP retrievals and AERONET
measurements show that chemical approach is better
than classic approach.

General structure of inversion algorithm

Observation definition

Observation definition:

Viewing geometry, spectral f*
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Simulates observations f(a®) for a
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Volume concentration from PARASOL/GRASP-chemistry

D U St B C Fe volume concentration 2008 (min®/m”)

BC volume concentration 2008 (mm*/m?)

Coarse dust volume concentration 2008 (mm*/m?)
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Perspectives: Retrieval emission from GRASP chemical products

v Retrieval of the aerosol emission from the GRASP new products of
chemical components mass concentration (DU, BC, OC...).

v Help to overcome the difficulties in estimate of the contribution
from each components from spectral information of total AOD
and AAOD



Conclusions and Perspectives

The sensitivity test shows our method is capable to determine BC, OC and DU
aerosol emission sources simultaneously from PARASOL/GRASP spectral AOD and
AAOD with high accuracy.

Highlights:
0 Emission retrieved from PARASOL/GRASP observations with weak constrain of
a prior knowledge of emission distribution and strength.

O Model posterior simulated aerosol properties (AOD, AAOD, SSA and AExp) with

our emission database can fit well with independent measurements (AERONET,
MODIS, OMI).

Limitations:

O We neglect the differences could be attributed to poorly modeled removal
processes and model defined aerosol microphysical properties instead of
emissions.

O From optical view of satellite, our database can'’t distinguish between natural
and anthropogenic sources.

Future work:

0 Implement our satellite based aerosol emission database into other chemical
transport models. Hope it can be helpful to improve aerosol simulation.
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Physico-chemistry to refractive index conversion model
We add new elements and modify forward model in the GRASP algorithm

- size dependent aerosol composition
- Fine mode: BC, BrC, Dust or WIOC (Water
Insoluble Organic Carbon), Water like
- Coarse mode: Iron oxide(Fe),
- Volume-weighting mixture is assumed for
mixture of the elements

The comparisons of GRASP retrievals and AERONET
measurements show that chemical approach is better
than classic approach.

General structure of inversion algorithm

Observation definition

Forward model:
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Table. Comparison of the annual mean DU, BC and OC emission flux between this study and other

studies. The unit is Tg/yr. * The emission of this study is average from 2006 to 2011. * Here we
simply account 10% BB aerosol for BC and 90% BB for OC.

L S

This study*

Prior GEOS-Chem
IPCC (2013)

Dentener et al. (2006)
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Luo et al. (2003)
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Huneeus et al. (2012)
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Emissions of BC, OA, and dust — BASE vs. CHEN_v?2
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