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A chemical transport model (CTM) is a numerical model that predicts and represents the three-dimen-
sional spatial distribution of air pollutants, including aerosols, by considering various physical and
chemical processes. In particular, the model for urban to regional scales is called a regional chemical
transport model (RCTM). This paper briefly describes studies that have been conducted by combining
RCTMs and lidar observations from the three viewpoints of “comparison and validations”, “analysis of
seasonal variations and long-term trends” and “application to aerosol data assimilation” .
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1. ELBIC

KBRS DOPE, 1> FYRAEy FO LX) Al A7 — VO g % HERICHE H S e RKABEE N E
&, EENBOEBLE T RIS, WA r— 2 L CEEZ M2 2 BBERAG AL F OB Z 10T,
WRELDWEDBLWNI DL L) otz TD LX) RRKEREMBEIIH L, BHpCmBeiiss: o KA 7iE
T RWE (m7uviv) o%ghz Fll$ 25T 7V % b5 i% €7V (Chemical Transport Model; CTM)
LIER. CTM TR BEO EE A2 T 7 0V Th ki, Bk, ARRE SWhT ), Wik
WF%ExEH. ANAEREL7 o Vol EHERT FEbA XY ) EIRE) & AT F 72138 R ik
T OB Z M ARL, BERRET VTR INAL S 25 AAT 2 & TRAP TOR% - Piikia K
D, KGETIVREEET NV TLFARE - 7OV IVERK - BRZEBHREFHE L, =70 Vo254 ek
MZEZ > Ial—2ar$5. fRC, WlirosE (221X WTY7) 24 L L2 0% by
%€ 7V (Regional CTM; RCTM) &L, KREERBIMFZADHEAETZT Tldze <, HERER PM2.5 RIE, |
WORKEED KEHESE T DI b T wa, —J, ELBBEHE CIIR T ¥ 7 OGBSO
HREMEZHNE LT, I—#ELIA ¥ =12 X 28lll% 2001 £ X D BHIE L7z (BIFE®D AD-Net (Asian dust and
aerosol lidar observation network) ). % 72, R #K 2 W EIW LT 4 ¥ — CALIOP/CALIPSO %% 2006 4 (<
HbEFoh, 945128270V VoBT—y BEHRERL TS

HRBLETIE, BT IVIIZE - 7 4 — v MBI - ER%EEIL, H5E kmﬂiﬁﬁnm_ﬁ% B 3ODHTH
LEah, MHEIZHEZICHRL, ThehoffRITMANERT 2 2 & TBERE 55 X9 IR
HEENTWASY. RCIM & 74 ¥ —BllIZ T S ICZOBHRTH 572, AD-Net 35 & U CALIOP/CALIPSO T
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BonzBlillrT—21%, /T V7 ORKEEOR AW OREITD &L XD, RFAWTH >72 RCTM DF
BERELFE-FTHETTELRL, F=FMbE Vo2 LWHOISE b #Ew AT, w7y
T ORKEEE, IS 70 YV ERRICHEBLEERET NV E T4 ¥ =Bl %o Tfrbh 72k %
[ AL E TV & DI - MRk, [FEZH), B ML Y POl =78 vy —% E{E~0)s
W1 3508 EH ST 5.

2. RELFEXETINEDLE - &3E

W7 V7 ORKBESEIIRBHEOS - RAEOMEMBICKE REEZ 25, Hl2E F - RFOWEDRA
FEIET 7 0V OBERED M) F— & IRGARRIE OB BT, BRI 2 JE6 RIS BE XU SRR i AR
il % 5 % warm conveyor belt 257 OV Vi DK & #2530 F72 BEIMEEAEIC L 2% T
3, BREEORE BT T OV R S ERIEICh ) mikE s RERT S REITY. Z0kx)
12, T7 OV VORREERE S & v 2 EE S ILRBIRROREE L2 7 7 7 ¥ —TH VY, ADNetllL o
TSN R — BN 2 O PR & RCTM OB - BEET TR & (&0 727Y, 72, RGN %
WZHERY (FEERIE) KT L ERERL T OB, KPENEOME AT THEWC X > TR Sha b e, FiC
KEE O T CHEI S5 AR 7 10V )L %250 CHE - MEES 2 2 & 2 WRgE L7722, 2006 4EIC
CALIOP/CALIPSO 73415 RiF b, #EE—REER R S5N5 L9 12% 2 L X0 3 RICH 72 K & MEEDS
FIbND XI5 7210101213 Rig 1122007 4F 5 HIC T ERME TR L2282 5 RCTM, AD-Net,

Fig. 1 3D analyses of CALIPSO, NIES AD-Net Lidar and RC4 regional chemical transport model
(RCTM) (reproduced from Fig. 4 of Uno et al.'?). (a-d) Vertical cross-sections of dust
extinction coefficient from CALIOP (color) and RCTM (red lines). (e) Longitudinal
cross-section of dust extinction coefficient from RCTM. Inserted vertical profiles (f-i)
show comparison of dust extinction coefficient among NIES AD-Net Lidar (broken blue
lines), CALIOP (black lines) and RCTM (red lines).

TAD-Net ® F 1 & — Bl TIBLN L 7252 7 BELR B S R B 2 62 L T %Y. —J5, RCTM TIRZ7HY VO
BRiREEZ T 5. RCTM OFHRE 74 7 — Bl & @ ZIICHE T 2 720 ISR E IR E 2 RIS ER T 5 4
LD L. 07D, PR - RIS BN ER 2 RO HR R e s 507 (EEEBIECE) 2
OPAC (Optical Properties of Aerosols and Clouds) %CV A MEEINZHEFEMITEZ H VT I —HELHEGEIC LV H =
B, 2 L ClBUR A ST 2 HESE S TwaY, %o F— ¥ EILTT 4 5 — Bl % &7V I2Y
AOEEDE U &) ICEHERE—HERBE ORI T b TV 5.
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CALIOP/CALIPSO % #lA b 72 3 IRTTZEMNT (I OEE OB Z I ) & v ) IR TIE 4 KTk 22H
RN EIE_ D00 LNRV) OFRZRT. W7 V7 O EIZ TSN 725 E— B 13 CALIOP/
CALIPSO OB{HlfE R (77 —) & RCTM O#5R R 2P TORL72H DT, SHEHIANZ 1,600-3,600 m
DIE & % £ o 725 2% 600-1,200 km DKF-A 7 — )V THAE L TV AT & RCTM 32 0fi%kz B HH L
TWhbIEDbrd, T, ZOTIX AD-Net £ 4 FTHONZBIIRKREE D I —HLTWwE. £F
WAFZERICE 5 C, BHRBOHRTY I 2 b — b LW NSRRI 7 0 Vo5 Rfk ez 2o X )
23 RICHIC I - METCE -2 LM Th o7z, ol - #E 54 ¥ — & RCTM 2 1fi - 7265813,
XLIZRREFT N DHAGHLEL I LT, WERE 1H LTSS NAHEBORRICO L o729,

3. FHX®, REAMLY ROBEHR

AD-Net (& 3 i OEH 5% 2 1L 20 SELL OB OEEL25H D, CALIOP/CALIPSO IZFTH LiFH 5 15
ERLDOF =7 OERDPH L. ZoORMBINT—% 2, L, RCTM OfER L HAEHLELI L THRT
ITOITOVVORENNA ML Y FRBEHILE 2T L2 T b TWn 51519 Fig. 2 12 AD-Net,
CALIOP/CALIPSO 3 L UFRCTM D ¥ 2 2 L — 3 3 ¥ 9 b8 5 N R F I BUR B O F ML L 2R3, it
il (ZAOYYHRN) 1ZATr =g b, FEIZAPIEH LDy Y R)V) FZ7 BV IVERES (Aero-
sol Optical Thickness; AOT) T 4. RCTM OFRIET 4 ¥ —BllH» S5 6 N-FHME Lz MAamHAL, A
PRI T OV ORI Y — Y OEWDSEMEE ) (22 TiRdERE YL EEEER (22 Tl
) MICEREZ 7 0V IViREOFHIEBOERZTIERITIEIRBRINT VS,
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Fig.2 Two-month-averaged vertical profiles of spherical extinction coefficients of NIES AD-Net Lidar observation (blue dia-
monds) (reproduced from Fig. 3 of Hara et al. 10)) | AOT in the horizontal plane (circles) and aerosol scale height in the
vertical plane (triangles) based on NIES AD-Net Lidar (blue), CALIOP (green), and CMAQ RCTM (red).

4. T7OYVINT—R2EEADISH

RCTM DFERD D WD R MEED LI - MEESh, EFIVHEKPERIL SN T PT, BESAS T
MEMULIICT =722 L > THIW T — % % RCTM I D AL ZED b b X )2k o 7.
RCTM TlZ =7 BV IVORILIESA & EOMENFNHEELZ LA TIERELERSEMHFL 222805,
7= & b Z I L CRIR o ek % B3 0%e GEHERE, AT L IiEn5) RmIIciTbn:.
AD-Net (3H1[E - H[E - HRICZKOBHBEZ Lo TWAI L, T7 0V VOSESM 2 280G
LTl HBKRTLIRER T208CTX 52800, T4 5 —BZ TV HBII$ 57— % MLt
DD SN Fig 313, 4 KILESTHEEEA L7 RCTM 124 L, AD-Net DBl 7 — ¥ % [{4L L 7= 4%
RTH5S. ADNet DHWHERE % ML T 5 2 & THBORERSA - MEIREL S (™), RCTM
WX AEBTHOBBMANELTYS (BX). ZhiE, AT —F—s %MW\, »rOEBY Il —

RN R L L, BT — 5 LEEE TV OR G HFIE M LN MERAET S 2 & CER SR &0 E
RKODLFHETHY, BMERATHEIHOLNTWS,
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Fig.3 (a) Horizontal distribution of assimilated dust emission from 20 March to 3 April 2007. Red circles denote NIES AD-Net
Lidar observation sites (Tsukuba (Ts), Toyama (Ty), Matsue (M), Nagasaki (N), Hedo (H), Seoul (S), and Beijing
(B). Time-Height plots of dust extinction coefficients at (b) Seoul, (c) Matsue, and (d) Tsukuba. The upper, middle
and lower rows show NIES AD-Net Lidar observations, modeled dust extinction coefficient without and with assimila-
tion, respectively (reproduced from Figs. 1 and 3 of Yumimoto et al. 18)),
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Fig. 4 Assimilation results with CALIOP extinction coefficient. (a-b) Vertical cross-sections of dust extinction coefficient from
CALIOP and RC4 RCTM, respectively. (c) Horizontal distribution of assimilated dust emission over the Taklimakan
Desert.

¥a R A IFETHD TORMEFZER R TdH - 72. CALIOP/CALIPSO 7341 H LiFH M b &, AD-Net [l
B2 = 7 AAE~OFH AR N7z Fig 4135 27 5~ h v bEEEO#ED 235 & L 72 CALIOP/
CALIPSO 7— 7 DML R TH 5. ¥ 7 7~ 0 VWEEFOBRBIIHVEEZHEVEHEETRHESNS Z
ERHISNTEBY WY 12eh s Blill 2475 CALIOP O F — % % [{{L$ 5 Z & THEFE 7-10 km D% IE O
HEMFTETWS, #E - HRICEAIA4 75—, S0 7/ VEMETEICHWSLNRA0EHDY 8
B 9%, MODIS® L & &\ (GCOM-C) D L)% f A= % —THM S 7z AOT &b, KFEFMD A
N—HiPTIEHEHEDD (ADNet DL HIZAY NT—=7THHZLIETES), T7UVLVOHETET 7
ANEHRDLIENTEL, T2, TI7TA TR —THEDT, 4 A=V v =X H2EDH L WIKE O
BLATHRETH B Z LITMZ, Fig. 4 TRLAZEI R AOT & LTIEHEA/NELA A =T ¥ —TIEERN R
MW =70V ERZDZELTED. A4 7V —BNZRELT 52 212X 2 REABEETFHORER
ERBEEBLAMEIMTONTENOY, 4 X=V v — - 4 F¥—RIOEHZIHD» LliH 284 LTl
FIHT 2078 b fTbN>o0H 5.
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Fig. 5 Horizontal distribution of temporal and vertical averaged adjoint sensitivity for Spring 2006-2008 with respect to obser-
vation at (a) Sapporo, (b) Toyama and (c) Hedo Cape NIES AD-Net Lidar stations (reproduced from Fig. 2 of
Yumimoto®?).
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