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Abstract

An inverse modeling system for air pollutant emissions (SO2, NOx, and NH3) was developed with a Multi-
wavelength Mie-Raman Lidar (MMRL), the GEOS-Chem chemical transport model (CTM), and Green’s functions
method. MMRL, an improved two-wavelength polarization Mie-scattering Lidar by adding a nitrogen Raman Scatter
measurement channel, can provide vertical profiles of seven aerosol optical properties (extinction coefficients (o) at
355 and 532 nm; backscatter coefficient () at 355, 532, and 1064 nm; depolarization ratio (5) at 355 and 532 nm)
and are operated at three sites in Japan. To use aerosol vertical profiles from MMRL measurements as observational
constraint of the inverse modeling, we developed a Lidar simulator that converts CTM outputs (i.e., aerosol mass
concentrations) into the seven aerosol optical properties and allows direct comparison with MMRL measurements.
The feasibility and capability of the developed system was demonstrated in an inversion experiment in which we
used extinction coefficient at 532 nm from MMRL at Fukuoka in 2015. The inverse experiment shows reduced
emissions over China compared with 2010 reflecting recent reductions of Chinese SO2 and NOx emissions. Aerosol
optical depth (AOD) derived from a posteriori emission exhibit a decreasing trend over not only China but also the
downwind regions (e.g., Japan). This is consistent with AOD provided by the Japanese Aerosol reanalysis.
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Fig.1 Schematic of the emission inverse modeling
system.
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Fig.2 Schematic of the Lidar simulator.

B AICTAZ —BLINAE B2 | Z OB T
HOMHE BRI T AL R 2L AL AT T L
DN ERERDT DU ENRHD, 22 C ALFRHEET
NOM D ETAX —BHIHEEICERTITAH—
2L —ZDRFEEIT o7, Fig. 2 \[CZFOMEM %R,

GEOQOS-Chem Ti&, REAS 2.1 HEH A~ MaE AL,

=7/ VK Sy ELCHEEEHR (S04%) | AEFRYE (NO3) |
TUE=ULE (NHeY) | Bam#E (BC) . AR HE
(OC) . ¥EHE R T, SR PEF AP O BRI E L T 5,
FTAKE =2l —HFTIE, b EEBIZ, GEOS-FP b
BISNIHSRE, KIBEEDORRTA—LND,

MMRL CELIENA7T>DHEFE (21 £ (355, 532 nm)
DIHEEAREL (asss, as32) 3K (355, 532, 1064 nm)
D% 7 ELIREL (B3ss. Bsaz. Pross) 2 & (355, 532
nm) O JCAREE (S3ss5. 8s32)) ZH T 5, FHIZH
R T VRO RE DI BRI I T 5B 0
(AR BMIBERERAE) 12OV TIT GEOS-Chem
v9-02 IEHEDY D% WP (EREEITE) ITo0T
I%. OPACORCH W O REBMMN 7 — & D&MW, F
T AR EET 2L — T 57201, HIICH LT
B A E AL 1®, 2o ey s LT
IFERE L LT,

BT — 2 B RS E oo P B2 i
WALTA7=0IE. FoMik o & L8 5 — %o
Moy —2 77 —RERODLERHD, GEOS-
Chem DEFNATVyRILIZY — AL v FZ—ERE K
DDHTENTEIE., P 8o A & KRR 0.5°X
0.667° Tl ili{k TXLHH, FHHEBaANCHELND MK

T T T T T

80E 100E 120E 140E
Fig.3 15 regions for the source-receptor analysis and
inverse modeling.



JUM KBS 15 SE BTt 56 154 & 2018 4F 3 H 21

& (TRbLBBIT —20%) POLBEEMTIERN,
ZZTARMSE T, P EEOICE R A 15 OfE
W24 ENENDOHIB A S Ry — XL e 7 —
RAEFHL ., S 'R #EEIT 572, Fig. 3 (T4
\J%&, Table 1 |CHEHIKE 5L B RHgA4 2~ T, Y
— ALy —BRAE T SRR O P A — A
20% MBI L7 KR A ATV N— AR R EDELFA
L. X FESEEHETLIETRD, £z, BEE
ER S ORI B EIR IS O W TN AT DTl

RERAZZEL, BT (T2bbE M OfEE) 76 mR
B B & ZHIRL T ZE TR AL, Zh
X, H—OBEIROALOPE N EEHIK T2 L T, R
HOVERMBE N ARSI, HA =7 oy VYA B3 A
L, V=R LT Z—BRORIBEN KDDL EEB
STebTHDH, RRFFETIE Fohizy —Z- L7 7 —
AR A HEH B O RELICH WD, 22T This %
) D Wi 2% 3 R SO IR BEE 43 AT DR E AL B O FREAT ISR A
B THD, ZOY—A LT Z—BRE AW B A
R H AR IR 7~ PMo,s B 5 i 0% (2 B 9~ 2 g AT s 13
ZJRO NTFEMITELDHILTND,

Table 1 Source regions for source-receptor analysis

No. Source region Detail

1 Japan Japan

2 Korea Korea

3 NE. China Jilin, Heilongjiang

4 Liaoning China Liaoning

5 Central N. China  Beijing, Hebei, Shandong, Hebei
6 Central E. China  Shanghai, Jiangsu, Zhejiang
7 Taiwan Taiwan

8 Central S. China  Fujian, Jiangxi

9 Central China Henan, Anhui, Hubei

10  Shanxi China Shansi

11 SW. China Guangdong, Hunan, Hongkong,

Macao, Hainan, Yunnan, Guizhou
Qinghai, Gansu, Shaanxi,
Inner Mongolia, Ningxia
Sichuan, Chongqing

Ship exhaustion

Others than region 1-14

12 Inland China

13 Chuan-Yu China
14 Ocean (ship)
15  Others
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Fig.4 Time-height cross sections of modeled (a) PM2.s concentration, (b) dust concentration, (c) extinction
coefficient (355 nm), and (d) depolarization ratio at RIAM MMRL site on May, 2015.
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Fig.5 Spatial distribution of change in emissions between a posteriori (2015) and a priori (2010) in (a) May and (b)

November.

a) Increment of AOD (a prosteriori minus a priori)
56N | Il | 1 | 1 |

b) Difference of AOD (2015 minus 2011) from JRAero

| Il 1 | 1 1 | 1 1

U

T T T
120E 130E

1 T T | T T T T
100E 110E 120E 130E 140E

-0.3 02 -01 -0.07 -0.05 -0.03 -0.02 -0.01

001 002 003 005 007 01 02 03

Difference of aerosol optical thickness

Fig.6 Horizontal distribution of annual averaged AOD: (a) increment (a posteriori AOD minus a priori AOD)
obtained by this study and (b) difference between 2015 and 2011 provided by the JRAero aerosol reanalysis
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