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On the General Incorporated Association

President Chikao Nagasawa

Laser Radar Society of Japan
(¢/0 Meteorological Research Institute, 1-1 Nagamine, Tsukuba, Ibaraki 305-0052 Japan)

The Laser Radar Society of Japan, which had been a voluntary organization for 50 years, changed its
organization to the General Incorporated Association in 2022. On behalf of the Board of Directors, I
would like to once again briefly explain the significance of becoming the General Incorporated Associa-
tion and progress so far. Change of the organization was performed to ensure social credibility of the
organization and transparency of accounting procedures.

TEERETH Y F L2V =y P v 72ads, —BHHEALV - o v 7Rl RB 2R LEL
T, B—EXRBLE LA SSWKHFERKERELT, HO500TBEFBEMEOERE T TofE
WCOWTHHICHPF S T2 E$ 7.

EEFAROBESE EHLF LT, Mke L TCOHINEREIK I RO ZHEOARZEEEIHNDH Y
9. BAMICTEERAOLRES, FaWETH 2SO MIIFASEOMAZIT T b S5 %213
T, FRFRAICL LA, S OZEHER LS T ETRAHE FoMBETE G2, EH, 7H,
BHE) 2179 CLORWS R ENHYET. TOEFLLT, EMETEILICLD, EHELTERIICY
- MRBEIT)HEOEAZNICUTFOFRIHFZOI VY Y M A — FORITHAWREICR D T L7

=7, BMETAEFAY » FE LT, FREFICH L TEELOBIZZT 57201208 50 b Flkn
FREEVPTERLRL LB HICH L CHALEA L P RAETAI DD T3, FREHICHT
5EAREERTIE, EERRE LTOERIIBWTIE, BAIIEENOBEY BT 5 2 L AT
FIH, —AEEEAE LT, SEHEEOBT D A5 3 »HUPNCHfEST 2 2 L TR EN TSN T
WET. Lo T, BIEIHICHBELTEIWY T LAV =YLy v v 7%RoBIc, FEIICHEL TV
LA EREZTRIE L ChET 2082 H 0 $3.

2008 4F 12 A ICHifT Sz — M NS X 0 2 F CIRFIHME T D - 2 F A0 MUEES I E S
o2 8I2h ), HAFMKFEDFROEMEE IR L TE) 7.

INHBEOFELSIIBEF LT, BIBUHEERZ EOMTEMET S 2 LICEETARKRLD Y T35, &K
V=Pt ry v 728t HLE LU, SEt0oEWE2EHTLE LIS, FEROTLRRER2 L
T, 2021 4F 12 H 22 HICHAME L 2B SICB & F LT, EEMRKRTHY FT LI v r¥ase —
MALENENE LCRYBRT A I EICREW LT L2 2022462 H 7 HICiE, BEBRICBWTHEN %
BEN—BAHEAL —F ey Y v AR RV LT L.

WLLD 92D L —H - L—F —WIERFRLLK 50 SEH O H DS, —#BAtREAL —F 2 v v v
FHELELTHLVWAY =2 &2 TEa T L. RHOBMICIE, HICEHWRT 2 - BIEEAE L
T, SHBREDKFZOEHIC, THHEHY 72 BBECHL RIFET
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Lidar observation and data utilization

Nobuo Sugimoto

'National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305-8506

(Received J anuary 10, 2023)

In recent years, data from satellite-borne lidar CALIPSO/CALIOP and ground-based lidar networks,
such as AD-Net, have become essential for aerosol and cloud studies related to global warming and the
regional environment. In addition, lidars provide valuable data to study urban air pollution and volcanic
ash monitoring, etc. This special issue on lidar data utilization presents six review papers on the follow-
ing subjects: derivation of global three-dimensional aerosol distributions using CALIPSO and MODIS;
studies of aerosol-cloud interactions using CALIPSO, CloudSat, MODIS, and microwave radiometers;
dust prediction using CALIPSO data assimilation; validation and assimilation of chemical transport
models using AD-Net and CALIPSO; study of three-dimensional diffusion/variation of air pollutants uti-
lizing a MAX-DOAS and a scanning coherent Doppler lidar; and study on volcanic ash monitoring near
the Sakurajima vent using two Mie scattering lidars.

F—U—F: 74—, 7—FIH

Key Words: Lidar observation, Data utilization

202241, L—HFE U IV ITFEEDORGTHALL—F - L—FHREDPFIL L TS50 EDOHHEDIETH -
7o, TORBOFEIZ, FFIL, VW I Uy TERYTTEEVLELEL LW REFICE 52 B#EIIR -
72802 < ORI & D IEHH L B2 ERIE, 1979 4ECERNLAERNE (BLE BT IS AFTL
TLR, 94 ¥ —TFhoL Znzicl L-BIIIEIC#EDb > T& 72, 20T, =270y V45 —0
F—F R, ZD20ELSVOMEDEEF - DO EDTH o7z Slil, BES OMEKIEZ 7272
WD DX BERICEILDbDERS

AFEE - 27O NVICHT L5145 —F— 7 FIHOFFES T, 6 FOMHEI OSBRI NTnE. wih
LbIT7OVIVRE, KRABREOMEICBILIA =T EEETLHHTH 525, HBERH
B, SUHBOBL DS, RS Ar —VOHL T THA ZNEEZHATWS, Fz, BEIAF—
T=FRMETA T4y NI =7 DX T = DMDPERSINTAMEIN TV Ty DFHL N
X, BB TOI A4 F—0FH, S5IEI54 5 —0fHBERIRLRH LwEBbhINELETN
T, RIFEGTIE, 15815 HE: 27Vt 3% 1% [HdE: 940 7Bl 2k d o
THEN, FA5—BMLITA =T —FFHIEIE)ONEEZD L, BZELLIAF—T—5FH L
WO BEIE, ALRERRHRENLREDO LT OPOHNEF > TIA4 ¥ =T 2T L L0
VLI BEEREVTHAS ). TOLHI)REAICR, SAF—FT—s72F TR AL Thor—2 ke 4
F—=F=F{HHEINE L) T EHRLW. FAF—EZLE L TOVEPSWVZIE, Wil =—2TA
X7 FORERERETA T DRI TE 22D WbNDZ L1% 5.

©2023 Laser Radar Society of Japan 2
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EEVPHBRLTVWLIET Y T7TOMET (% —% > b7 —2 (Asian Dust and lidar observation Network:
AD-Net) DI =@l 4 F¥—DF =5 FIH (B DV IET— 7 FH %2 Filk LR 12OV TIRD Ko ThA
5L, Mlob oIk, KREABEAEEEOHE, ZoBMmeEZREEOHE, ZoM OKE, KE) o5k
EThHolz BEBOBNICH LTI, BWidT 4 5 =B oM T HRIICHW STV, RER T HGIL
FR¥ (B 2 MRS o) & AR RGN BE O R R I FOR &2 BT ICIERZ 2 o THFgE S % & THuS L
TWw/z. Lo L, BWMREPSFNTREODPOBZWVWEELNDL I EDE L, LEIZHES TR RGN
N D E L ZN DO T B VOREREZHE LT, EHHETREE LTI RHOKICEHT 5 h
BREBERLY. FAV—WREPSEIHETEVEVIHHDIDH-T, 252 I—WEITA ¥ 5HKD
TR A TR L IFA TRV O R E WIHRIRE S 2|z, LiL, BELEoRgA—4y257—470
7 N LTRMT 2LV METH - T, BREIGHTE 2% 513% 5% (L L7zeic ko
) B ELTRoTHRVWESLH) EH-). wFNIZLTH, ADNet D7 — & FIHTIE, FHMOMEE &
DAYE T arBEFICEETH- 7.

FREBNOSE T [F—7FH] 3t v —HBEONH OB S UWHEOMETHA ). T—7FHO
HOHWDLMREN %% 2 TBINERSKE SN, vy —ofbiErgshs. £/, 7= 7087 bhE
FESh, WHATEBENL LT — 7 UAPEFNIATbNS, EIA ¥ =%y b7 =7 R EOEFEHT
b, F=FE% Ay bT—2 L LTHMAHTA2-0121%, HEBIICH->TF—2 70y s b2 ERL
T, YTV IALLTTF = 2HEHLTHUHT L2 EHRETHS. ADNet THZFD L) 7 —F 4L
FAATHhbNTWAE, HEBHNOTF—F 7052 M2id, EF—7 I8V H 00 S8R CHEILEh 5 b
DFETaLRLNLVD (LRV0,1,2,3 L ENS) bOXVH L. EROTT S 27 b TEFHMCID
PR TVINT A= F AR I N DA, T ITIRED A - T 72 ) RER 22 RGEDEK A - 72D §5 2 &A%
L, BRZGA V—DER T = HHMAAEDLRXVDF =5 ZHWAPEVWIDIZEZEZATHA.

RAEET NV LFREET NV EBNT -7 2@ET 27— 5 MbiE, 54 5 —7— 5 24MFHT 572
DOBERELFLETHSD. TNULoT, BHESCHEDORONSL T A =T =95 X ) KE KR Z2H
Ay —NVOBGIHT 2 AR ERETISHTIE2REE 2 4. HL, BEIIEZITH) D& LTIIDIC
HOTBREZLELDHLDONE L., EHXLBPOTHETA =%y VT =T F—=FIZXDEBD
T = LI O WTHERFERET 5o 72, BUTIZROMAE» OB ENZIA Y M2 b 5 ) T LM
PdHotz. ENEIMAENBTEDOLDIZOWTTIERL, BIIEE L LT -V MmMal#Ess2L1lk3
DTELGZVWHIEVIEILIRXAY N ThHotz. FRICHL—HHHLOERS. F—FM{LIEH TTEFIL
WAL TNT, EFVTEZLON TV ARVWBRIIHIH SNV, 3, EFVORMZERMFEEI D D/
ERA7r—NVOHKLRIFHHL LI hw. flzdbiFs e, SA4AF—TEEEOEVI T VENRRLZTWY
BZOIZETVANCIET & ZI2IET o LMW - SEOXBOEHME (s vidhiE) 2Is % TIw
FRwv, [ZNTRICEDDORLIFE L wWITRE, T, HOficid ] EWwHIXHIBREUTHE. ETWV
2, HHHWE D S EFLTHLIDTENTERVDITITH S5, BT — 7 I2E& TN AHEHROETHHM
ENsbIFTERY. BEETHL20E)2IENE LT, SN ZWERSBBIT— 7 123G ThTn,
HROPFE 572V —F VRO R Z T2 > TWAEZFNERET I LICRLIOTERVNEV) X%
CETHE INELALTF— LIRS 722 £ TR LT, MOPOHME b > TF—F2FHL LS
ETABAIIZEMISIEEZ S 2 ETH D, BIAIE, ADNet DIGE, I X - TREBIRE L TV 5 H
EID, ThOLZOHPEBHTH 20 L) DOHEDANLELLGEbH L. TO LX) RGEIE, Hlz
FRIFEE OXEINZOWT, b FAEOEBHEHBIRBICEEZ HWTHET 2 L) 27— WHT T TH -
T, WG AEIILELRVDIFTH L. T—FALDFEICR S &, 7 IV ORMZEH RS ) K& %
AT —=NVOBZIZONWTIE, 7=V MLIC X > THN T — 2 ICHE TN ERPENHHINS. L, £
TFNTEZLNTWRVERPHH SN TV LEEICIEZOIMITET IV EDA—ENRENLE V) Z LI
B0, WIZEDZELIZHEHTEROEETIVTREL EN TV IHROBRIZOLPEbDTEH L. &
WY & T, F—FEMLiE, REIVBL BT LD ENLTEL LD THS.

F=F LBV, TELZ2TEEBNINZ T XA =FITHEWRT A= 2 MLV ORRWE
WIEZL DD, FOHBKIE TSN T AMLBAET A2 LIl bbb 525, I—WHELIA
F—OeAETIE, B S52 585 2 —=5135 4 ¥ — 57 I WIRER B EGELRE & ARG E 2 &
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Thb. 94 ¥ —E5OHIICLERER (=70 VHEEOSM & BFEETIV) Z2EF VIR TWS
XT%0T, EFVHITIA Y —RBoaitB LBl 4 5 —RBriabedsr ) IHILEZTH
L. FEB, RIFES THMI SN L MILNKO CALIPSO 2RI 4 ¥ — 2w B0 57— 5 LTz z
DL BHENHCSNTVS, —F, BEIEITHNT L7227 — & O THIRINEEZE D/ S WIR T EELR &
BT RGN 7 &2 FALICH W2 HP L 25605 5. Bz o4 5 -3, IREICET VT
TRBIAHEE LW BT 2 B EE O L7 1 VA3 d B 5B H3 %\ O TR T HELRE Z FALIC V2 0138 L
W, CALIPSO 7= % I22WTd, i, T— 7ML TII RS, LRV 2 7a% 7 bOBFHEAREE K
TRICIEWE 2> C, FHMITH A MEHRE 70 7 7 A VEFHELTT A MOk E 2RI 5 & »
LB TVD, BHEIIE BN WDS, RN RREEEZ D ERN B HELERS.

2023 ST, BANYT MUVAET A % — ATLID (ATmospheric LIDar) & 2L — 4% — CPR (Cloud Profil-
ing Radar) % ¥ 3 % EarthCARE i 2034 H LIF 6N FETH S, F72, W ETHRARZ VGRS
47— EO—BOREBEPHREEINDE. INLICL-sTELIIEELRT =M — 7 FIHPTREICR S
boLifFsns.

EC, UEDPERGFRHEZOBHSLE L THESIDLVLORE I LD ERVvERVwDD, YUDHTERTD6
MOMHLFEZ A TRANZ AR D.

THEIC S OffRFTIE, CALIPSO ff 2T 4 ¥ — & Aqua R IR E 724 2 —3 ¥ — MODIS (MOD-
erare resolution Imaging Spectrometer) (2 & 2 Z W RBIN OB EW 2N FEIC X 5, 4O T OV )L
ORI, I, ¥ A b, SR T) O&RNE =ZRICN RS MOBERICOWTRMEINS. F72, 1
SN2 EIRO T T O VIV = RGNz, HUERIRBELICEI D 5 =7 1V )V O EHRN RIS X B )
DFHIC OV TH A EN 5.

WARKROEF TIX, =7V VORMERRICERT 227 00 EEOMEEIZOWT, fifREIREE)
V% —"T»H 5 CloudSat #EMEL — ¥ — & CALIPSO 7 1 ¥ —, ZHt 4 —ThHs MODIS R~ 1 7
O ET e &2 A TNSRIHE LR p s S s, BRI R = 7 oY VEMELEHICE T 561
ZEDr )R T LMRIILE -3 Tna.

MILK oM TIX, 7= FMETFESHA S, CALIPSO ¥ — % #[ifb§ 5 2 & X » THBRK O E
FEDNYHEEND L W) FRFEFIIEAEND. F72, CALIPSO L ASEDHET A ¥ =2 4EdH - 5E
I EHICYEEINDE L W) RBEERIZOVWTHMHAM SN 5.

SARK S O T, L¥H%E TV E ORBRGERL G2, B L Y oy, 77— % FEicsir
% AD-Net 77— %, CALIPSO 7 — ¥ OFIFIZOWTHIA SN A, ADNet 77— % OFIHO FE LR 2
TRAMSINTVS.

HEBIKOMI T, MAX-DOAS 12X % NO, DIEEAF ¥ Y Roae—L Y sy 75— 4 5 —%F
M L7480 B 1) 2 REAIEHGRFEOWFEASEA S, REAGRBILIZEB W TRRD =R ICH 2 5L 505 5 E
HTHHLILEIRENS.

HEROMHTIE, BEKIIOHE 2 OB —HEL S 4 ¥ —%2&%E LT, KO EZ2% 8508
L oMK ILK % BB L 2P 28I oW TR E D, 72, SO K AIRED AD-Net DFIH ol
REMEIC Dl b hTwb,

WINOMFH O RELTZNETH Y, SHROMADELLZLEIABRENTWE., TGl le%
B L7z,
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BERBBZAX— - A1 A= v DEESHRICKD
I70VIVEBDEIK="RTT5

T ®*™, HaE W12 R SRE
BRI HERS, Aoc #sh!, VuE g2
VREITREW T (T305-0052 k- 1FhiBig 1-1)
2] BRI R (T 305-8506 JKIRELD < IXTH/NEF)I 16-2)
SRR ZBRA T TR (T816-8580 &b L4 H iZs H 2AF 6-1)

Global 3-D distribution of aerosol composition
by synergistic analysis of space-borne lidar and imager

Rei Kudo ™!, Akiko Higurashi®, Eiji Oikawa',

Masahiro Fujikawa3, Hiroshi Ishimotol, and Tomoaki Nishizawa?

IMeteorological Research Institute, Japan Meteorological Agency,
1-1 Nagamine, Tsukuba, Ibaraki 305-0052
2National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305-8506
SInterdisciplinary Graduate School of Engineering Sciences, Kyusyu University,
6-1 Kasuga-koen, Kasuga, Fukuoka 816-8580

(Received November 28, 2022; revised February 14, 2023; accepted February 27, 2023)

Aerosols have significant impacts on the climate changes by modifying the atmospheric radiative bal-
ance. It is essential to observe the spatial and temporal variations of the aerosol composition and optical
properties. In this paper, we firstly show the global 3-D distribution of the aerosol composition and opti-
cal properties estimated from the space-borne lidar and imager. Furthermore, the shortwave direct radia-
tive forcing of aerosols for the downward radiative flux density at the top of the atmosphere, and the
aerosol impacts on the shortwave heating rate are investigated. In the last, the future satellite missions
regarding to the lidar are introduced.

FoU—F 7 aYb, SGEREE, HLE, BRI
Key Words: Aerosol, Optical property, Composition, Radiative forcing

1. 1FLC®IC

RAT7a v (TP 7avyn) &, Kad 23S 28 2B A0S/ T, 1 nm~
100 um DIRIAWHIFHORZE L FED., T 70V VIE, RAGEWE L L CREMER BB EOERNE 2 5
PP ThRLl, KAOMEINZ2ZB S5 2 L TAEICHOEET L., z7a i, RETKRAZERITH
BA o7z, HWERBLMEIC B W CORRB L2 T 2 EELEH L LTHBSAT02Y. Lil,
KA TR T LR (1 H~2 BMARRRE), ZELELPHNIE (B, MRS, ABhES%) L
(AL, R, BERRS) 20720, BllTZo2BZ2 RT3 LL, BEEFVICLS
BHLISZBH LY. 510, =70 V—GHHIE RN (8 - BEESE), =70 Vv —ZHEEH

©2023 Laser Radar Society of Japan 5



AR
#ie LRSJ daimmy

A . laser Radar Society of Japan L —¥ & v
e ————

L=t vy v 7East 48815 (2023)

(BHRE) oWIBRIIEMET, SORAMEPLEL SRTWE, 2Ok, MERRELIEICBT S
I7 0V VORERHMIC I, KERAEEEIRINTE ), BEOREE SNTw5.

I7 VIV, KEGEEESGEL - I 5 2 & T, KREABEHIC IR 52 5 (E#EDE). 2o
REEm(bT 5720121, =78V IVOHERE, —REGEL7T VRN, ARG RS, =T a Y)Y
WCAHT 20O AN F—1F, BELERIUI X > THIT 5. IhE KT /8T XA — ¥ HINEEERE (= @R
A WIURE) THY, 1/m OHAZFED., HEAREE B ICIH > TR L2 D O ENESTH 5. §i
B NCRES L2aiE, SRS LN, 2 b H 5. KETORMBINC L2 L, ERNOGFY
X1, P 0.0~04 ORPHTEB LTV 5Y . —REELT VA NI, HEREI S 2 BER RO %2R
FTINFGA—FT, 00~1.0 DMHZFHEL, HIVNEWVIFERZRIRT LEEPRENVI EZRT. £ DLT
oYL, 090~1.0 DHZFOA, BRI TRCEBEFREFEIE, 02~03 DzHF2EShTwaY, =7
OYIVICAF L2 DT ANV F—=HDHEUC L > TEDH M ENLZTE S SN D0 %IRRT /8T A —F DA
MEe s, ZOMHMBBEOMERS > SHEBESNLET - BITHELOESEWERLIZ/ST A= H, JExt
BHETT, —-1.0~1.00f%ZH5. 1.0 (—1.0) [ZEWITERH (BH) BELATHR <, 0.0 1355 HE 2R
T. RESTICLALA) —HELIX 0.0 DfizFF>. =70V VIE0.6~08 Dfizd DI &A%\, FA b
RUED L) ITHEDOREVWZ 7OV IE 0 IZHEWHEZ D, INHD/XTF A= 1F, K-> THRE
L7280, 7OV NVOMBASEEIZLRS.

WERIRBALANOWEFi 2 Z 25 LTI, =70V VOZRITHMOEELZEFE LS. THED EZ22C
WRH L 7a Yy, FTHEECL > TRE SN KEEETINL, TREOGHEZIH TS, F72,
IT7 BV IVOESAIL, KRADOREEICLEb L. LRIGHEE L7, BRI X > TRE %
EHFERDZ 2128 ), KAOREEI L, KEBEREOFEIIH S5, Wi, Bk 7oy
WS, WERMSEICD > 72E, KRORERESH L, REABERAEOFRELZHILT 25505 5.

DbkoZ by, =70V VHBOZRIGCAA BN > TR L, CThaiEH L TEEETVOH
B FNOKEZN ES S Eh, MEKREICMEICBWTERE L 2 5. BTOBMY A7 21280 T, #
BVE—bMEVyI U7, 27UV VOGN IRTE 2ME—DHETH 5. FFIC, SiESm OB %
WHeE 35720120, FRBRI A F—2FRURERD. T TRBTIE, FHOSPHEL-MEERT 1
F—b A A=V x OEABNTHECL > THEONZZ 7 0 VLK O LR Z RIS OV THAT S (2
), ZLC, @ERZWICHAHS RS O N EER RIS X 2B OWTRRS 3H). Kk
2, SHROBEBRI A ¥ — 12k s 270 VOB ZEAT S (4 5).

2. MERE M E— A A= FICEBITT7OVIVEERDOLK=RTTH

A A=V XL BHENEDOL RSB 51, =7 o v e M MR Lz LT, £
NZENOWFE S ZHET B I ENTESY. 72720, 70V VOHRESA R ETKFHELIET 5
VEDBHY, TNDHEEORERERE LS. —H, 747 —1%, BIIERIEIRONE SO0, SHES A% E
BEWNS 22 TE27. I, MEMNHZEERTAILEORWIELENTE LS. 0L, WH
AN ZBRICH Y, HEWRFIT TV IT) AL EZMHET 2 2 LK > THENRIFETE 5.

# ¥ 51, CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation) fij 2 (2 #5380 S L7z
CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) &, Aqua f A 1 #5 #K & 11 72 MODIS (Moderate
resolution Imaging Spectroradiometer) # AN 342 & T, =70V IVHKOEERZRICHHM = Bl %
FHEEZBEELTWEY. 270V VEEHEEKETEDH L5 AFETIE, RELGRIUED R 5 4 D0k
TETN OREME, SGRIUE, X b, #ERT) Wb LT, KAPoFELzT 7o )V ilix KT
BT ERRATOD, REVER T, WRE MR GRSORAKTTH Y. HEINS CBE
0.1~0.2 pm), JEWRIEEASFH > (—REEL 7 VX B 0.96), ERE O %2 e L7z SEHIRPERL 1213,
B RFEEZE L, TORMMEZKEMER T & BORRLHHRE ST > NIRRTV
(Core-grey shell model'”) Z il L7z, MARIIAEYER T L FARETH Y, —KEE T VX FIZH 0.44 Of
THMIEDR , BRBORTZ2IE L7z, ¥ A MTI, B IR % # > 72 Voronoi aggregate model'”
AL R RE S CEE1~5um), FREORINME (—KEEL7 VX F#091) 28 o7, JE
WK AL Lz, WA &, REPIKEC CRE I~5um), WO (—KEE 7 VXK
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1.00), ERBRT-& L7z, TSR TOSESA &, BUNET OREME - B ST (5 &)
ZNZENOKFEE CALIOP & MODIS OB HHEE T 5. 2B, MR T LOAHAEL, BRI
MR T d e wvweE L7z, 72, R FoREE, BIME2 SHET 20 TR, W EEHEIC X 585 2
FVE—a Itk oTEH272"Y. HEEITIE, CALIOP Ol T — % Tah 5 532nm & 1064 nm DI FE T
& B ITHEREE 532 nm DRIGHANEZ M L7-. MODIS Ofiill7— %13, /¥ F1 (620670 nm) & /3

(a) Total AOD at 532nm

MEAN£STD = 0.155£0.151 (f) Total EC at 532nm (1/km)
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Fig. 1 Left panels are annual means of aerosol optical depth (AOD) for total aerosols (a), water-soluble
(WS) (b), light-absorbing (LA) (c), dust (DS) (d), and sea salt (SS) (e) particles. Right panels are

zonal means of extinction coefficients (EC) for total acrosols (f), WS (g) ,LA (h),DS (i), and SS (J)
particles. “MEAN+STD" indicates global mean and standard deviation. Note that each panel has a dif-

ferent range of contour values.
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(a) SSA at 532nm (b) AF at 532nm
MEAN£STD = 0.940+0.038 MEAN£STD = 0.719+0.036
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Fig. 2 Annual means of single-scattering albedo (SSA) at 532 nm (a), and asymmetry factor (AF) at 532 nm
(b). “"MEAN=STD" indicates global mean and standard deviation.

¥ K2 (841-876 nm) DWEIEFE T — & Zf#iH] L /2. CALIOP @ 2 £ OREN & B AR X - T,
WNEET ORVEYE - SBIMERL ) SRR (A b - k) OES i Z X L THET 52 &
T&5%. F/, WUREHEOT—5I12koT, FRBH T (FA M) LERENF (EERF) 255505
LI ENTEDL., — T, KEMERT &IIER T % 503 2 M. L7254 F—0Bill7— % 13w, 2
D7z, SR 1 O ICFIYE SIKRER T X D /S, FEORFAM M %E T2 LMl St % i
52 &T, SRR T-25HL D 15 5 #iPH & HIBR L 72 L CHEE L7z, CALIOP & MODIS O 4 J% & DO ¥k KAk
S & 5T, BUNET ORI - SBIIE) SHOKRF (2 L) oREEHEET s TE5Y
Fig. 112, RS N72KH T OMENE S LR D 2010 FOFEFIEZ /R T. Fig. | DS ERE ORI
K4 AEOHPHIE, HICE o TRZLZOTERELTIZLY. KEZEEEE L2 MODIS OFITIE, ko
& B WIS T OMAEBINIZED . Z 0720, MENTHIPEZ FEiE 60 B S Ab#E 60 BEICBRE L Twnb. Z
DA TOELT O VNV ORFE S OFEFHMHIZ 0155 L), FOHN, KEWER T4 0.075 TR0
ROz eI, F AN, R T IEFEREE T 0.025 205 0.028 & o7z KEMERL T ONFENE S D
KFEGATNE, 77V ARENPLET VTN TREREEZF > TV IS, M7 YT ERT VT T,
0512 Edso 7z SUWIMER 13, 77U WO, M7 VT ~HKT7T VT TRENoT. ThEORENE
K- & SEIUERL T O i, AR 7 1 VL QPR TR KA T 2 Mk & B — T 5. ¥
A MKTE, kT 7Uh, WTYT, BT YT, WY VT OMEEE IR o T R T, i
AR AR LT ie, HBERBOSE AL, RAREELSHK 4km T, EE 1 km LT OKRA
BRBHANTREREEZR LTz, BEFICR T L, KRB - SO 1%, SRERIC5m L Tw
55, BEIC, FRED S AL 30 EEOMEN TR E Doz KEMWR 71X, B 60 FEA S 40 EORERT T D
WK Efli oo/, ZHIZEEOBIT — 725 0iEflz IS L TB Y, #EHkomiE=
BB, DEWREOIEZRA-DDOEEZZONS. FAMITIE, LR I0EIS 40 EH-DICHPL
THAT LTz, iR 1L, & TOMERCRE Lkm L FIZER LTV

INLORKTOREME AT, BT T7OVIVO—KEELT VAR R EIESFRN T 255535 2 LA TE
% (Fig.2). —KEGELT7 VAR R, @FRFIYT094 TH o7z #EEO—REGEL 7 VAR R, kT &Kk
BHR T2 CHERET H720, 090~1.00 & 7k o7z. B ETE, JEWIMER T & 5 2 M2 X o THEMP T
D, 085~095 L %o Tz #BLOIFFHMTIE, KEVKEZFOHWEN TICL-T07 22 A%
FroTwiz, —7, BEETIE, N MR FOMG2H 5720, 0.6 55 0.7 DfEEZI - Tz,

3. I7OVI—KEHEEERIC KB RETEHN

A RO T T OV ORFENE S, —KEELT7 VAN E, JEFRRT (MAHEE) %2 K5 EE 7V
AT 5L T, KBEERHICBT 2N EZFHT 22 e TE S, =70V ORSEZFHIG$
BEIE, BEREI &S BRSO NS, BEREIT &, AEISEEEY 52 5N 5
BEHE LBV AEDOIEROBET 7 5 v 7 ADETEENDL. 22T, =73V NVORK IS 55
HEHIE LW EOREFEZITV, TOEICE > THBENRIC X 2 REmE D2 BEL o772, &b,
IPCC % TZHHE S N2 U iR ) X BUE S & ESE S An AT D IR D720 5 WA o 72 ABpiRFEZ 7 1 v )L
WX AHEREINTH Y, AROEREIRL DI EIEZE IRV, Fig 3 DA, K& i ToRg
MENERLTEY, AOMHIIZ 7BV VR E TP 5w 82>l L 2 EKT 5. Fig. 3 DFEHOM
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(a) Total SDRF at TOA (Wm)

MEAN+STD = —5.24+3.34 (f) Total impact on Heating rate (K/day)
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(d) DS—SDRF at TOA (Wm-)
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Fig.3 Left panels are annual means of shortwave direct radiative forcing (SDRF) of total aerosols (a),
water-soluble (WS) (b), light-absorbing (LA) (¢), dust (DS) (d), and sea salt (SS) (e) particles for
the net downward radiative flux density at the top of the atmosphere (TOA). Right panels are zonal
means of impacts of total aerosols (f), WS (g), LA (h), DS (i), and SS (j) particles on the shortwave
heating rate. “MEAN=STD" indicates global mean and standard deviation. Note that each panel has a
different range of contour values.

T AMEOHPIE, ML oTRLZL-OFELTELY. HFITEICRTWL E, KintR 13, 4
TROBEEHIN Z2HE, SFEEMHEIE-3.12W/m? Tho 2. R4l ETaoz b, Pl
3 -1.00W/m? Tdh o7z BRI 71X, (2IFETIEORSEH 2R L, FEHT+022W/m? Th -
7o, FAMRTE, BMRAOBEREI 2> TBY, FHMHEIE-09W/m> Th-7z. LarL, k77
7RV T VT O TIZIEOBETRE N 2 Ho Tz, ZhiE, B0 R2FOBEEO E22124 2 b
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AL, WEEADSOREEEWRINL 72720 ThHb. ThOHDOFE ST 7a Vv VoLEkFEiE-524
W/m?, (FIEEHTRDELZ - TW22%, b7 7)) & OB TIEOGIIMER & ¥ A MRFOREIC X
D, IEDfEL 725> TW7z. Fig. 3 DAHNE, SRT- 258G - W X - THPE (300~3000 nm) HUE O 2=
IS5 2 B2 RLTWD, T7 YRR T 2RO A NVF 1320 F FRAOMBfEDNL., 20
728, SEWIVERL T O W AR B I b /N E H o 7225 (Fig. 1h), MMEAEAOFEIIR D K& <, 0.25K/day
IEL T2, 2o XHIg, HIET 7 oY )vid, Mo%EHRE R TREZEELZ GG, 2L T, &
RYGNG-2 5720, HERMNIFENRLE D,

4. SEOBEREH I X —5E

LD L9 BN FE TR TERBEORN 7 — % 25 2 L3 TE U, HBkiRBALREICBIT A T
TEYNVORBIIE L CTHFELED S 2 EHMIFTE 5. CALIPSO i, 2006 4EI12#TH HiFoh, B
FTI6EUEERZHITONTE . ZOM%MkE LT, 2023 412 BarthCARE # 2 '"Y 0¥ b LIFAs i &
NTw5. EarthCARE 2 121%, WS HiET 1 ¥— (ATLID), UKy 795—1—%— (CPR), %
WRA A=Y v (MSD, 3 HNMEEERRSFE (BBR) 23S 5. ATLID I, 355 nm OHERE & T
A7 —LE5HLTHNETAIENTELD, LDIEMHIZZTe Yy V2 EmfbTE L EMFSINTWAS.
EarthCARE fif /£ ® #1213, NASA F3# D A0S (Atmospheric Observinb System) I v ¥ 3 »'9I2 X 2 fi st B
OFTHAED SN TWD, ZDIvyaryTik, 7aYh, & Wil BK7ov2z2@H$52 &0%H
EEh, Z7aVNVEEZHNTLZ0DT54 7 —0HERENLTETH 5.
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Introduction of the aerosol-cloud interaction studies using active sensors
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The aerosol-cloud interaction (hereafter ACI) has been recognized as one of the most uncertain pro-
cesses in the current climate system. In this paper, several observational studies using active satellite sen-
sors (CloudSat and CALIPSO) on ACI are introduced such as cloud behaviors, cloud classification, pre-
cipitation susceptibility, invigoration, buffer-system and cloud phase issues. Although the recent
understanding on ACI is advancing, invigoration-related problems are particularly elusive. Synergetic
efforts among observations, laboratory experiments and numerical modeling are strongly desired towards
the deeper understanding on ACI, especially for mixed-phase and ice clouds whose ACI mechanisms are
much more complicated than those of water clouds.

F—U—F:xz7aVV—EMEMEM, REME Y, CloudSat, CALIPSO
Key Words: Acrosol-cloud interaction, Active sensor, CloudSat, CALIPSO

1. ELBIC

EIHERKRIN O 60% DL LA B, HIRO T AV F—IE R RMBEOMERS: - BB, FARMERICKE EE
FTHIEBMONTVEY ., KAFEMK FTHLIT U NIE, ZO—BEEROMICELI NS, =
TRV OERLWEANEDLNE, EOMWEHEZEZ L0805, FFICZ 7R IUAE 725 FTERREAKN
OB, KBELEICET A BUFE 7S AV (Intergovernmental Panel on Climate Change, IPCC) 12BWTd,
AEANOHRB X OB BB 2 ERLT 2 ETRO R 2 MEO—D> LTHM SR Tw Y.

Twomey (1977)212X 5% &, Z7 OV UBINNT % 2 & TREHH (Cloud Condensation Nuclei, CCN) %
WimL, ZREIMZ L. FHTE2KERBEP—ETHIUL, BREDHZ 2 LEREINSRY, &
R ORI RN T 2 O CEDO KGRI 2 2 CERIWET 7 0V LV odaid, HIZEZO K% TAs
%). COMPRIITOVNOE | FEBEDE (Twomey 814H) & LTHIONTE . FOEIZETVAREFR)
BEIIEND Z LB %\, F 72 Albrecht (1989) Y137 T VL ORI AL TERAE (10 pum DA — & —)
HINEL Y, BAKKT Umm Ot —F—) OKE ST CTHEMAEEZEL TRET % F TIIRH 2
MBI OIBEKRNEIETL, BLELTOFMPREL LLLEVITATATEREETVERIZE 5 TRL
7o T 7a vy Vol 2 fREME (Albrecht R1H), H2VIZEHFGHRLIFEN TS, Ihb T

©2023 Laser Radar Society of Japan 12
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TaVIWEENBERTLIIELFEVITE— 7T O VI ESER (Aerosol-Cloud Interaction, LA 1% ACI & 3
%) EREBRENTWS.

ACLICBE$ A58 13 2 IICH % %%, A% T, CloudSat IZ#E# X M7z 94 GHz Z L — % Cloud Profiling
Radar (CPR, L% CloudSat L' — % & I %), Cloud- Aerosol Lidar and Infrared Pathfinder Satellite Observation
(CALIPSO) (Z## S N7z 532nm & 1064 nm D 2 P T A ¥ Cloud-Aerosol Lidar with Orthogonal Polarization
(CALIOP, LI CALIPSO 74 ¥ LIT5R) Lo 7o RIEBRORER L ¥, &5 VIZiEi o4 & Z8)
Bt YoM X s ACI O ZESHFlO—BE2 N 5. Bt 3L LTid, W~ RINRO B
#1 Moderate Resolution Imaging Spectroradiometer (MODIS) X~ 4 7 Tt 7T Advanced Microwave Scanning
Radiometer for EOS (AMSR-E) 23T\ 5.

BEEBHTIEIZWIE— by v 7, PWHEOHEDTDIZTNITYY AL Z@T72H) M) — 3Nk
EEEH, MIBBRADFLET S, TAATELZIEREZFRICETHN - KEMICBITX, SEBEEN 2
WHERME—DT Iy b7+ —ATH5H. 2000 FRPAIF LD, FITZEAE L V¥ %2 H T ACI % AR D058
AHESE LT X7 (e.g., Nakajima et al. 2001, Bréon et al. 2002%). —f 12 A 55 0 1 SR 5 o FERE % % F1)
TEZEHL FIIEL LTV IVOREGA O LIRS 2 2 & HINICNEETH 578, BEE)T &~
POBYHZIEY, ZOMEZFIT L@ N, Lo LB £ v HIZERL T 7 0 VIV OSRE Lo
A BNTEX LD, Y7 FVORERTTII Y KI5y 5 —OB R 5, T2l hLiEsT
BUIIE S 3%y, CloudSat IZILEMEWER L L EEL I TE 525, CALIOP IZHWIKED72DICTE R
V. J¥Z CloudSat IZEF IS WEIIRE L LASH TH 525, CALIOP I LD WEEL R TE .
2006 412 A-Train 2 H % #K 3 % CloudSat % CALIPSO 2547 H L H 1, Aqua ICH##K & 7172 MODIS 7 —
R LIS F V=N A L ATbN T &z DU TR BRI 2 e 3560 % i3 5.

2. BB Y% E>7/ ACI OWMAES

21 HIEHEEEIELRBETOEDORD

Kubar et al. (2009)% 1%, CloudSat D475 F1FA & F2e WEEHIIC CloudSat L — % D7 — % % FlWCTKED
RERBYEIC OV TS L7z, 2 & BT 12 W O ORI, L — & OO R ME 2 B,
ZYHE e Ty P L2 A, ETOHEBTL —F RO KRENEZ 5L L HICETHEGE, =
REE, EABEIIBIINL, EREEEIIRIS LTV (Fig 1). L—F I 25 &L IC—ikICH
KEIIZ L e bizd, BENGHELSZ D, T AF LB RRTVTIREREITOIVEDS W E -
b BFIHTIE, MOHELRFIHEL D ERFITD S VIEREEEHSKE L, Twomey RIH % WL T
72, FERBERIIKRELS L S5TEY, Albrecht RpR%2ZFT AR E o 72,

Nakajima et al. (2010)” %> Suzuki et al. (2010)¥{%, CloudSat L — % & MODIS 2* 5 #5E X W72 E D1
JE & &=k %% T, Contoured Frequency by Optical Depth Diagram (CFODD) (W HINS 54 77T L%
&% L7, CFODD Ti&, Mz L — & g, #icEK S5 - 72 6% WE S 2 Y, BlE o 5 %
Ty b A ZEPSORFWESOREED D IZIE, MODIS 20 5 D4EONEINIE X & o Wi SR K
EEFNVEHVLG., COFAT7I0%, BRHEOKESTEIZHHELZODOMNFig. 2 ThHb (£5% )V L
WO R211E, MODIS D 2.1pum F% Y ANVOT— I POLIEESN-BERNFETHL I LE2EERTE). ZOX
no, FEWNSVHBEOERKEDOL V=200, FEFNKRZVGEOBKEDOL V=2, {HFEH1IE
BLTWEZED DAL, 2F ) BREOTIAVCANE S & L —F HEEO/NSWFIEI S, JFES
ELV—FRHEEOREVHEBICE 2 BORREMZIB L TWb 2 Ehb2 b, F722 0 CFODD OHIED
1 X R T ORI T 2 BMEEATBYY, BABEBRENOERINNEL2E5Z LA TE
%. MA T Takahashietal. (2017)21%, i LEEOHAELEEZLI DS FY XV (100um O+ — ¥ —OFk) ®
BEATE VT & % CFODD 12 & » TR L7z, Z O HIE EASAROM S O IE ) ZH TR BN
WHEOROTHHEWLNITHI LT, BABROWRESE~D X ) FECHERICEIKRL TW5.

Panetal. (2018)'01d, A4 ¥ FEHLLETHET V7 21412 CloudSat 7 — % A & 22 TH i i 2 22 i 25 2,
BRERBRIEEEE, ZRAL, CALIPSO 77— LR F A Moz 7 u VY Vo4 %2 KD, K
ZOEKERE, ENEEE, ZORFEOZE LT VIVIEEOREE LTEHIL:. FoME, 7o
VIVIBEEIIH T B ZHEOENRIIZESHL LB IFEML TN 2L E, T2 MEITOY VO

13
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Fig. 1 (Upper-left) Median cloud-top height, (upper-right) median effective particle radius, (lower-left) median

liquid water path and (lower-right) median droplet number concentration vs median maximum dBZ for

each of the eight regions6>
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Fig.2 CFODD over the global (upper panels) ocean and (lower panels) continent for the 2007 JJA season
grouped according to the effective particle radius into (a) 5-10, (b) 10-15, (¢) 15-20, (d) 20-25, and
(e) 25-30 pmg). The unit of color shading is % dBZ ™!
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SRTEHETE L REAUC IR L TV B Z L 2R L7z, 51225 D ACHIZHISN - FEINICIFEICZT) LT
By, ZORENZKEKELRET T 2 VOEFHD0 LT Tw 5.

ACIIZEICBWT, CCNEORFEL LT GRERERTH L) T 7V IVONENES 2/ 2 & DA
CATONTWS., L2 LRAEROTLT eV VONFENES L CCNRIE, Z7aVVHRLneE 25 TlE—
BICIEOMB 2R T VA, LD XS IEE LBEETRAEIREVY. 2070 L To ACIOBiEE R
b 246, 7V IVONFNES L EREE LK 2 & A MR UL ENEAH 5. 2 2T Paine-
mal etal. (2020)'¥13 MODIS %S> ZHEEEZPEL, ZOEHEEENLTFTOE S TOLT OV VIR O
B4 i (CALIPSO 722 S ¥fEsE) %, MODIS 22 S SN ERBHEE L K L. ZOME, =7e Lo
NFHE S LR L72HEICHRTHBP L DR 2o/ 2 L 2R L TV 5.

22 BERATDRE

RO 2Dy 7T VERCZEY L TOH LW EEDREIN TS, Yuter and Houze
(1995) W1, Bz L — & [, MEMCmEZ Y, WES L 0L — 5 R ROHE % EBLT % Con-
toured Frequency by Altitude Diagram (CFAD) Z3#%& L, JAL fibNTE 72 Chenetal. (2016)'51%, AZH
T REIG G A3 7 BTG % X 202, CloudSat © L — & [Uit=e & fivs T CFAD 2R L7-. =71Vl
THEENZRUTOL = FREHHFEIZ, BORCEETRHE Z2oTwa, TFORHWEERIEE, H#w
HMETIERE LS Lo T0bZ Db, %HibT25EDIEMAL (invigoration) & DRI HIRIE S 7z,

s}, Unglaub et al. (2020)'91% CALIPSO, CloudSat, MODIS 40 57— % % JI\C, KEZZEHEEOARY
B OREREEERD 22012500, $72300ZRFEELZEALTIt6 2Dy 4 FIZXG L. 20k
HCHE LN R, BEREBEIROEIZOWT, #WLEEELOR, Ria2EEOROEILEN S0
WHEERLTWwa.

COEHT, ZHREL L H25IFHONGEVWENOME T OMHERICE > TESY A T OH LB Rk
A HBIC e > TV 5.

2.3 Susceptibility

ACIL Z % #\FET, [EbL)RT &, BEKS] 2RI 5 susceptibility & VI RS LI LITEA S
TWh. Twomey (1991) 713, ZR A1 B Z 2B EICZDOT VAN FRENIEEZLT 2052 BT 5
cloud susceptibility Z$&fE L7z, S DF 2 #FEIC, ERAS LY 2 2HE B KESENIEZIEEILT 50 %
£33 5 Precipitation susceptibility 253H5 S 72 ZOfEE, 7OV VOZIH LT (1) EBAEED
B VEIRDBETHL, —HRICHEKEHE IR SLv. (2) BRREISHHREDOEITD - & DRIRMY
WCBEKICEET . (3) ZRREDPZ VEZIBIR ST, BELREROIZONBINERIFEAT 55
DS o> Twb. LA L Precipitation Susceptibility Dfitiid, FFERFICHE S 77— % v M X o TRHE
EVEAH B T ENMONT VD, ZOERILD 72012 Bai et al. (2018) 1”13 CALIPSO % CloudSat, MODIS,
AMSRE % EOBHOmE L o Ty s R WT, WSO IKED Precipitation Susceptibility @ 7 52
WCBLT, ZRKREBRPKRALCEDOESV, B ANVEROBIN L EhHFHMICHERL TV,

2.4 Invigoration & Buffered-system

Koren et al. (2005)201%, JLEBATEHIHO MODIS 7 — ¥ Zf#HT L T 7 10 V)L OIGFIIE & L i Z Ok
HOMEEZIY, =72V UAINEEIEL 22 1N TEEREKS (BESENEL) 252 Lrll
WL, TOAHZALELTUTFEZBRTWES, Z7 OV NVENPLWOICEREINS R, e
PEEDPEINAEH LT %A LT, RETOBEIEL 5. D720 FRERILLIED VI OIEE D E
NN O R 5. EORE, EHEOEBRDOMIND H-> T EAXRKI WL RY, ZOLAKKICL > TE
THEEEE < %% (nvigoration). W EARMICL > TEHIIHL LIPS/ E R TIE LV BVEE
THY, TOFETIHEINIZBERIZLOFRALDIRD LN L.

Z D% Rosenfeld et al. (2008)213, ZOHFGAEL %5 2L T, HHMEOETIE EEADKGOHi%AH
BEIML, SR5ICHED) WO EAWAERE 5 2 L THOKEABEZ 2 EIR_RE L (BEmMIEME L), L
AL Fan et al. (2013)221%, BIIFINEMHALO X 4 = X X IZEO LB TIRBERT 290 Lk v, =
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Fig. 3 Ice water content weighted altitude centroid of convective clouds for
smoke aerosol (gray line), dust aerosol (blue line) and polluted continen-
tal aerosol (red line) as a function of aerosol optical thickness for South
America (top panel), Central Africa (middle panel) and Southeast Asia
(lower panel) =

DRAEFERTHBEFEIC CTERLEERE, Z0E S Z2HL 30 3BWIAMNEEL (IhE<oXh/hswn
EROFEIZLD) THLHEFIRL.

X 5|2 Jiangetal. (2018) BT A Y A, HRT 7Y A, WHT VT OWFOEVIHIEE % #4512 CloudSat
L—% & CALIPSO 54 ¥ 7= & lwT, =7 a/ VHENONRFNESOBEME LT, EXROEEOEHA
EOFEOB IR L. FoOME, FHITHRIZAE—7 TidIHl s h, HRIhKREEDT
U/wfi@ﬁwéné &, FAMNIEL L6 PRBGINIKFELTEY, =70V VoOREE

2& o TR OMHEUL 2 IEAL A F 5 2 L Ab A o7z (Fig. 3).

Invigoration ®\FEEL L TINFE TIIE LK DT U LANEZ LNTWEY, LDk L LTk, Douglas
and L'Ecuyer (2021) % 2S&ERiEE EORE (ZABRIZ 150 55 200 g/m? (ZPE) % %412 CloudSat L —
FhO/ROoNTEIT a7 7 A VOIERE E2HWT, ANEERTGY: S N2 BE TIERREOR EZ T BRI
BREHTOLY PLA YA AHOZRKOMY AR) OHEPFE LS A LERLTVS
Invigoration IZOoWTIE, BT VAT Altaratz et al. (2014) D 2VBREM AL E 2 —@ e RoTHBY, Eﬂ\i“ﬂi@

LHEIIBRI N,

i 7= Stevens and Feingold (2009) 2913 buffered-system & \ 9 BE 2% #2018 L 7=, ACI 5B IHEO &5

LHMBREAAEZRET, REALBESEDLHEDTA =Ny 22372567, ZOLOREEROELL LTI
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HBENTNEL BT, FHiiT % O0FEFIZHE L. Invigoration d buffered-system (CBWTHELTED,
Z O buffered-system &\ E 2 Jik, REENTHLIDI0KEITE, BEOT7 4 — NNy 7 2Rt d 55
DEELRIA VLT MIhoTWnA.

25 I7OYVIEEZHOBER

ITaYINIE, ZOLFEG 7% I L o> TENOBKIZ L RTINS R - T A, Bl 2 XTI L AHHRIE 72
EIECON & 7o TER (K) ZEWT L, FA RN AT 70V 7% S0k (Ice Nuclei; IN)
Lo ORE (BME) 2T 5. TNETCON IOV TIERFL KRS TEZDS, INIZB L TldAMmM

DEGHL T —T5, B OKIEDIRED) EEOBUEEICRE CBBLY, BAHEICE >TO®
EARBRO-D, EMOTEMEIRIIBIROBEINE 2 LS TARDLZOICATRTH S,

§ A ML S A BKEEE LTHORTEYY, ¥ A PORLKEOHGIZOVTIO 104FIZL
WRT— 5 MO THRS5NTWA. Choietal. (2010)1, 77, Bk, dtk, I—wvsx, 77
71, BMIE T &2 CALIOP 7— ¥ L SN HIEZEOF G EZREICH LT 7ey M L7 (Fig.4). £
OFEE, MURETH->TD, BHHEOHASIIT IV TRET AV A TIHEL, MBI TIEE -7, flz
E-25CTRT7T VT TIE20% 13ETH LA, MBI TIINS0% bdbolz. TOZLRF A RELTOY
W W TIOKE DT SN TTRENREW L 2RIEBELTWS

Tan et al. (2014)3"13 relative aerosol frequency & V> 9 54 % Ji]\> T Choi et al. (2010)°7 &[4k % f##T % 17
W, I7 OV ORERERES VI AIOKEOE SR E N L ER L7 F D% Kawamoto et al. (2020)32)
1%, relative aerosol frequency @ & 9 AR HFRIEE CTld R <, ¥ X POHBREE VI YHEL H W T&ART

A Supercooled cloud fraction at —20°C (June 2006—May 2007), Mean = 52% <%
" = T = ] 4 y — =z —

60°N [

30°N

30°S

60°S

25

180° 150°W 120°W 90°W  60°W  30°W 0° 30°E 60°E 90°E 120°E 150°E 180°

Asia
80 1 South America -
= North America E i
Europe =3
60 4~ Africa B

Antarctic

40

20 A

Supercooled cloud fraction (%)

-40 -35 -30 25 20 -15 -10
Temperature (°C)

Fig.4 (A) Annual mean (June 2006-May 2007) supercooled cloud fraction
at —20C isotherm®”. (B) Annual mean supercooled cloud fraction
with respect to temperature over the selected regions in (A): Asia,
South America, North America, Europe, Africa, and the Antarctic3? .
The error bar corresponds to a standard error of 3.
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(a) 0.007(1/km)  --®--0.036(1/km) 233K, —=8--255%
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S ot
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Fig. 5 Relationships between (left) ice cloud fraction and temperature with six dust extinction coefficient bins,
and between (right) ice cloud fraction and dust extinction coefficient with six temperature bins?.

EIOKREEER L. FORE, FLEER T ¥ A b OEBRESE W TARGEHETEHNIE, 20
IR ZE 7255 235 KA & KDEITTH S 273 K ORI K 5o 250 K E TR b HHFHE TH
b ENbhotz (Fig.5). TNHOEMIETIX, CALIPSO 74 ¥ DOF = AR E R TV,

3. HhYIC

AFHTIEZNZE T CloudSat L'— %, CALIPSO 7 4 ¥ & Hul & L 7-fir R AEEREI L & > 12 X 5 ACTBF%E
DHEFUIOVWTHALTE 2. TO10BER, WRET—F7uy 7 PoEfibEATEY, #12I1X Cloud-
Sat 7—% 707 M, FA—2AR=VIZELOYHESF7  u—FLRTWERICFLDOLN TV,
DL THENZEDZBEOFRMEENEED, #RT—F 2o/ 2 L0 o 12W5EHE R FE SV Ih
B, LT—HFOREHRILHI;>T 5.

F 724# @ The Earth, Clouds, Aerosols and Radiation Explore (EarthCARE) %5+t > ¥ % i 5 72 f##r 0 72
DI, JAXAIZ X 5 T ATrain Ot v 3% ffio7- 705 7 MH [EarthCARE Af %8 A-Train 70 ¥ 7 M E=% |
(https://www.eorc.jaxa.jp/EARTHCARE/research_product/ecare_monitorhtml) & L TR INTWS. KD
E-Z7aYNTOT T PR TWIETEHINTEY, T—HFIZ& > THEAKE V., Kawamoto et
al. 20202k ZD7ay s FEZ S STy RIEL .

—77, ACLIZHET 2 S0k AAIEHITE L, B T7aV VOMWIEEORTRL, T - %%
EOMBRLICOBERT2MD THMRRTH D, T0720, BMOA»S ACI ZEHT 5 2 L IEAT R
ThY, EBERPHHETVEMo/T7 7u—F 2 HT 52 L bMRDOLNS.

¥ 72 2023 4EFEICHT B B P SE D EarthCARE?IZIE, 95GHZz DEL — ¥, EANXYZ MVGRT 4 &, 7]
B~FINETOL W EA A=V v, IRBBHFPERINTEY, FICEL-FEFy 77 —#ELZFHIT
E57-0, BRNOHHEBEZHRLEVI)RELFEEZRF-TWD, TOX) RERELE L HITKELD EE
BREIERETHHREMERKEN 2 L0 T, ACLOHEZ S SIS E TV LERH L. X512
2018 SE DA KELET A 7 I — 12 X B HERBIMIZBI§ % Decadal Survey DI F %), =70V IVICET S
FEEAR R - AR, EOT7 4 — PNy 7 RxiiE, RAKBEOBEZEMNEEZ IR L, NASA (37 2B
I v ¥ 3~ ACCP (Aerosol and Cloud, Convection and Precipitation) 3> % [il# L 7=, 5% L LC, me@)%
VN A TR R 0tET & EOMZBROMA G DRV EN T L. I TOMEBNOBEEZT]
EHEZTE T 2020 EARKDITS LIFBFESNTEY, 2030 FROZT TV - E - BKIIZEEZY — F 55
WRIvYarvD 1205 THA).
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Data assimilation is a mathematical method based on Bayesian statistics for estimating the state of com-
plex systems such as the atmosphere and oceans using observational data and numerical models. While
the accuracy of numerical models has been recently improved, the model state can be very different from
the real Earth after a few days or weeks of integration. Data assimilation can correct it. Satellite-borne
lidars can provide a huge amount of observational data for atmospheric aerosol data assimilation,
although the observations are only vertical with a O-degree view angle. Lidar vertical observations can be
extended to horizontally distributed information by data assimilation, in which aerosol concentrations
and emissions are optimally estimated. Therefore, the combination of satellite-borne lidar observations
and data assimilation is ideal for atmospheric aerosol research. We hope that the atmospheric aerosol
products estimated by the combination will be used for global environment monitoring and climate
change prediction.

F—U—F: 7=, =T7aVN, F4 55—, B
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1. ELBIC

1.1 F—&RELER

7= F AL & 32RO IREZ BN 7 — & L BUEE TV 2o THEE T 2 BHM T TH 5. ToORM
NS ZHREHAICEED KL TRAE] &) a4 220 B Tibh T ), FIRITEDAIIB VT
TERD &2 REREACVER WA ARNICID A7z kiR (= “IRILRE) & EEHS L THIEY 2 &M
L. ZOHEWZ AL ORO—FIHMARLZ 25 L] L) FEFMEDN L. 7— & F{LIZBII
Ty EBEETVOZhEhoFHERa L, BHEL L BT 5 RARHBHEOIRE LK THBS
5. B, Ty EMLE FE CEHN TR IR DSOS ETH DN TS, B RIIHERKm /S
T4 YHNOFAEDHEE, HHCIATHELABE (A—F -3 ay) 2EBEHMEOMEIRETH
5, ThHRIRTHELT [BEZECRONCEOBINT -2 2L T, ROEORELZHEET L2
Ll ZHBWE LTS,

RHEARIERE OB ICHE G, KB TFME TV RRGALEE TV % EBAEE 7OV OREEEIIUE 2 6t T 5.
Bultie 7 VIR EOMEE YRR HIC B B4 2B ZEE T A 2 AR TH ), KEMF TS
5. L LEtEom o RCid, BHD 5\ IZBEM b FD 2 htl) 25 L BEOMIRE IR E k5 RKE
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o TLZE). ZELRLEEETIVHRKICHHERGED/NT 2 — 7 EPR Rt T 12& b k) iR
RBAERDRAED D V), & SICKADFEOPLERIN A A VAR K THIE R 3R BB B 12k 5 2
5Th5 (FZLENEREMELZHHT2HETH ), [EMEOMBMEIZERC). —H TBHMNIZBIEO IR
ZHLZFETHY, mEOHPANTHROEOKEL R A IZHZ TANE. L2 UTEOLGFIRIICET
2% 5QLWHELBINT LI EIIATETH L. BEICITHEROE R SITHATAMAEIM T & % #iPHix
HEDITNZI V. INSHEEET NV EBRT— 5 & v M 2 ZHEEOERE RS TE 20057 — 7 [t
DODFETH 5.

HEHEBEHWIIT— Y FMLIIRATHOBMEY I 2L — Y a YIZBWTTFHIHEZ FICANS 2HD
FEE L CHHESED SN a4 g S KAOKE, TAbbKTE LoKR - QT -
JEAEGE - BEE - KRS S FBURATIE I, BUE T HoEE LClibh b, ESORK T
DOREEZIEAETLDIEMEETNVOWRERZT TR F— 7 HLDOEL LS > THUME TRV, —HTEE
FRAT I AR F DO RBEIE I BV TRAESROIRE L ILHPA 2D IEMIC (BIIOGFEL 2 VWYHEED &0
) BT AIEELT -V Ly FThb. T7OVNLDL) EREMERTICBVTY D XD LB BiIHT
EAITFIZAIUTKREMER TH 5. % 2T 2000 FREPEH» O AHIZ, AR TRBEMEZEHTLZ LT, K
SALFES BB VTS F— ¥ AULAIL S b D X ) 1Tk > TE 72349,

REAFEFIIC BT, RATFOZT O VIVREZ MY 727217 T, ZOMEMRINERCEER L
Vo 7T SR (=B - REOfLERERE) bEETH L. HRLI LTS EETRZEDO LI &
Bl 70 O T S 2 E O E T A Z LB WRETH . =7V VD L) KGR E O
PO EHE R I AN = — X0, EERHRGE L o Twd, Lo LRRGEWE O & % 5 #i b
THEHHEWE T2 I LIEATETHY), ZORKTREZLHICNET L2 ETToREELES. LarL
F=F bR H L, TAF—BHlRHES A=Yy —Bllo L) R = by UK DBEMISL
OYEREBIA T — & Zflio T 7 0 VB E O ILHPAHEE AR 5. Zhidwvwbw s [HHEE] o—
MThs. 72, 7—2ELICL o TRHOLNLREAT T BV VO E QR THE TV REAMBETHETIVIC
ATy  FBHZETTFH - FUGHEOREZ N ESE5 2 L3 WEETHL. 7V LVOF— 5 [H{bid
B4 O EWAIFETE 2 HELRHEME S 2 5.

1.2 SA4—BALT—2R1L

E, IT7UVVROKRLAE S EANTHREICE > TBINT 256%%F 25, GXEl- 9o v 57— L A—
Vv — %Al TN - B A7 MR ZKTEHIANA L ER L ABSMET B, 45— L—F—%
ffio THATXDEREZ EDT—HHAICHET 50, KELZOOHENRDHL7EAS (72771 2 2 Tl
B Z B <), 5RHe &2 5 72 ISR SR O THIV (B DV IREGEETE Z2v) 25,
Pl O EACEFERS LR T WO THIEROIL WP Z BT TH 5. 2 OREIRIEEE km 5 Vi3
T km IZK, HONAEBRITVDITERERD L) Rk E % b, —F, T4 5 =7 L3md THl» &8
EMREE R 75 5 75, i OME LA EREHEL C, HRECERT2HE IRl cdina e
MPEETH L. THRODLHBFMIEZ0ETHY, SEHIO 1 RITHEHRZ REH 5 1012 L T8l d 5
72O LN DML 2 KICOFH L 2D, BEHED 2 W IZYBHO X 5 REKE 2 5.

WH, 3WILULEDOF =% NOTTHNT 52 L IEES TRV, FOLOBMEYRMERE, »5
WIZERFTIRHEIEFY (F CHEEORREFIEDT 22 EH S nz0) X > TF—F DRILE 2 KT
DFICEOT I EICE N TF= 2D FRI 5. ZOHTHEREENMEONSE A A =T v —EilliE
HATHY, WHHLAEON 2T A F—BHIEAFTH S, £ A= v —BINIBI O H T3 TR
TOEMIATLIN GREMERRPFEOEEFROAZI) HL), LR TWHZRAITIREL TV 2.
—JTIAF—BEZD L) ZRTEME Law L, KFEHMOEHRS BEEMIIEHELICHZ T %
V. L2 LSS TEHEORNTEZ 2 &, WRRMESAEREZ G T4 5 —BlEA 2= x —#il
245 DTG,

KAz b (| l) TR (&T) 25D, ZORKDOWNZ S »DOFETH > Twilld (6]
ZXEMEETNVTHRE), S5 —mOKRAOWHK LFICAL L7z LT, FEHEMIITAEE (LK)
RRE (Fit) OREHBTHI LA TES. 7= HMLIC X 2 HERKKOREH 1T T 31220 L) 2k
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HLFMTHD. 4 A=Y v =Bl LS B O TRITEMAATDON, T7 0V IVIREISRERHE S
NTLE-TUE, SHESAHICH L UIIEALMBBUAS/LZERNTERV,. —F, F4 7 —Bl
DSBS ATEHRE T — & LIS & > TRPH R DG AIERICEG LT B Z EATE L. THRO LA B
DB TR Tw WS, L LAFA V=B ELwEDbF2 5. F—7MbIc X > THEED
ERCIERHITRAI VT N—LxBIHTELZ20OTHINUEL, 745 —BNOHIFA A=Y v —BII D & F
HTHhaWELEDD L. 74 F—@illE F— 7ML KA T OV IVIIRICB W THEN RHAGDEES
29,

2. T—REMLDRE

21 F—ARREMLFE

7= & ML O BRI B2 D TRIHICIE RS 2 5, EAMFEFHES->TLv., 22 TREMICKEE
FVOMPELBMN T -5 2R L T2 THLIOTIE AL, IVEHTE2OREZELT5. BHOEAV
FREOMMN L KRE S TRE L. EFTNVOEKEBNOERAE—T, £TOETF VKT L TBIIAE
Ji E N TWAIUTREZZ N2 220, EBRIEBHIAERIED v, Sz g, HIERKKOREE K
BUCEBT 20U ELRHHEOE RS LTIl T — & OBIIMD Th v izo, BN %% BE
i LEIEONS. 22 TEYHEAFOME (5H) 720 THRRLZ2WHREOMOILFH D T
A E VY EFHET L. 29352 &L THNZZEITOBI T — 7 R 5875 57 VEROIEHFI W LS
b, IEZBNTOTOMEIEY (=#0#HrkE V) EHESNLIBNT— 7 OFHuIM Y AEh 2
NEZL B2 EEToMERLR), WEEAITHICEEL TV EFVERMICIESWMHEE (= XK&
BIGED) PHEAET DT TH L. BRI ARG EIERE T T %

7 =5 [t (B BTN ARA ) TIREAEE 7V O F RS R % 85— it 2 W IdSEBRE R &
A D EALARMEET VIIEETIE RO T, HFMHEliciEFErlTIns. MEIEZOBENEOR
FERDODPIEMEIZIZ DSV RIS 29 2 ZBb 52 8 ThHDH. 07— 7 FAL T TS - Bl - B
HE OIS U THE—HEEMICEOREDOBENEINLOPHET S 2 L TF— & HILOFHEHRE % 1)
FERTWE, —HTHNT— 2 2 BB L, ZIUIR T ISR & B /22 AR R 22
JoND., —RICITEEE L WA ITIERERRURT 5 2 LB VDS, IEORBEZERIC EFTwo THHE
WA EL T LI TE RV, RER LKL DAY 2 VORRERT 0L I Tws (HbViEd HH
BRI 2 BRFE L 7)) BUNERILOIRETIE R, ME LB VOHFICBRA-TE& 7270V
DWETH R, Pl L HEA— MV, BEICIoTREEFT X — b VUL OZEMIIBIT 5 F
WRER PR EZ MY 720D Th D, T0 X I/ 7 OBIIME & 22834k 0 P39l & D% % 22/
FFetkios LA, BERG NI RE U C b AR BILEE (37625 L, BERAAERMEEE L IEN S, 7 — 7 FAfbot
BB BN T AR & R/ 22 AR EREZOMTH ), TNOOIFME R PEEE 2 5.

BT — & 2JEBICE Y ViR TR, RIS 2 BN 72B 7 — 7 SERCERZAHNTE,
fEETFIVTFHL TV LEHLNNOWHEOBNT— % A TE L 7= 7ML TFEPLEE LS. TOX
A BREREG 2T TN T X LDPINRICE S (4D-Var) T Y TV H N 7 4 Vv F ik (EnKF) T
HhH. INHLOTNTY) AL TREBINEHE T LIFIEN B2 VA 2 LT, BEE T VHAEIT 525K
NoBT—2 b HETE 2 REIZIK). 94 ¥ —Bllo7— % EMIIE 2 OBIEE T2 UHTH 5.
7272 L 4D-Var % EnKF ZFH AN D TR E WD, KR TFHROGT T Z0EMLIZFH M RED
FL LML L7 2000 ERLEDOZ L TH 5.

I7 0D X ) B KEALH G TF— F WALDIE L fTbN D L) k- BN E LT, KR THD
FEICBWTINL OFEFE T — 7 WfbT8: (4D-Var X EnKF) 2SEHMbENzZ engiFons. Zhll
HORETFIT — & [FL (B 2 X GBI (ZEHERR AR MR D ICBIIE SR 32 37, F 7800
DR EFEIVN S VHIBTIE T — & FMLR DS L KIKT 52 RuEDBH o7z, ZORMD, RETHTEFIC
WATEI T — & BEBND WK EAL 5T TO 7 — 7 FMEFH 2 H51 Tz, —75 T 1990 4R A
SHERBIE R A4 LH D LIPS, KA 7OV IV OEHHBIHT — ¥ 24 1B ON5 L) 12k o7
TLEHWRERD, RAMNFESHTOT— 5 FLFHICE D - 7.
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22 oYU TINAILTY T4 I E2DET

T A F— BN CHERE T & 5 EHR I RARAT O WEES T HEAR R IRE D 2 VIR EZTTH 5
B, AT — F R = 7 OV VIREZ > S LHEETE 200, DTICHBEZBEFNTIHEZ1T) . Kl
DFMAEE D LI R, BUNEETOEAL W) Ty vy 22 R L CTHITNEEWTH S, 4D-Var b
EnKF b BIEE T 25 Z L 3@L<B Y, AL T Tld 4D-Var & EnKF O3 —H§ 5. €2 TK
ficiE, FHEDVHEME TS EnKF 2o TBIEA oA X 2 /07 5. Z OFICERINE D 21T Ik
B (KA 7a Yy V75— WLOREREZRN) ~NatAdEATT S > THMEZ V.

9, 1RGO REZFNT 2 HMBREOXE

=M@ ()

EET. x ENKILOIRERSZ PV THY, 2OXRT PG IBAEET VO LT R ETORLIRES
IT7YOVIREISHIET 5. FIRTIERL () €L, RRTRPH (f) 2V (o) 28T M
BIFRIE LR BEE TV (WDbWARRTHET NVRRALAEETVE) THY, ndBIEE T VOREE K
RIS, BAEETIVORET 5 RGIREL =7 0 VIVIRE» SBINW R 2R 2155 720 0%

Y, =H;(x))+€ (2)

EET. YIEpRILOBMARZ Fv (1R TAFIREZ p MOBNWHEEZIEZ2H0) THY, HIZFE
M BIINEE T (BIET LV EBIER) THDH. e IIBHUINHAE T OREL LT, kD HMLBHIHE T O
L, BIHEFVORTHE LOEBROMRTH Y, TORHE HIZHITEREZIRERZ MV bl & BT 72
JTH B b LBIEIHEDHE T EIC v H1F, HIZEBMPMIFLAT) . RERZ Vit Eha s
BB SN 25E1E (7457 -8B E SIC20rE), HIZWHEINIES S BREE 2179 . H3 512,
SEREBR 7 OV VIREOMAEE ST R TFICAo2E LT [25%M), EDX) RMERN#
LR HHABHN SN D 13T RO E T 0TH S, T OFHHETIRSMEZ M LED R V720, FHETE
ZLLTIRRRWY YTV ThDH. ZOBIEE O T — 7 AW TR X R ffEZ 72692
ERDTITRT.

AN YT 4NT TR, FHE (TbbEHEN  LBHMHE Y 25, AV T4 L EIFIEhS

BREK; Rl 72 EAA X FHTRRD L 9 ITHENTHE x 2RO 5.
¥ =x +Ki(y-Hi(x]) (3

1

SITHNRYFA Y KA NXp FTHITH Y, y? — H(e]) 2B E FHOEEET p KTERZ DL ThH B,
METFHOEATHBH N Y7 A ¥ KGRI X! DRGEDTNE 5B LS IRDERETHD, €T
T, ANEDHY B2 VHIRRAORMEE x| &2 L, MATHOEE sxd 1

~x/ - ¥+ K, (y? - H; (xﬁ) -H; (xlf - xi))

= ox] + K; (6y7 - Hiox!)

= (- KH) ox] +Kioy? (4)
b, TIToxl=x! —x I TPHMEORE, oy =y?—H,»(x§) FEBAEORETH A, H IZBIEET H
Zx[OF ) TRIBALLZATHITH 5. &b, BINEE T H A% 513 @) REH ISR ) 2o, Lo LI
BITH > THMFIED %) ORET @ RIIKY 7D, Z O, OIS P IE

Py = (ox{(6x!)")
- <((I ~KH)ox! + Koy?) ((1- KH ox! + Kiéy;’)T>

=(I-KH) P{(I -KH)" + KRK] (5)
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il
i

pryoeacas TP = (o (or]) ) AP REAEISH, R = oy 0))) LB B

Tha. i ( HIWEEEET. $2, PRMEORELBNEOREO MMM 2w L UE L (2
DIGE T EBITIZIZHE Y D).

RAEDH Y AN Y, BN L o TRAMASD S LD TE L5, B MELES
P DX r(PY) DIe/MiE R 52 % K, AR D NEEHRTH D, =2 THAR r(P?) % K, TR T 2.

pi
Tl

arr (P¢) zma—Kﬂ»ﬁa—mHy_+&4mmKﬂ

8K, 6K, 6Kz
= 2(I-KH)P/H +2KR; 6)

ZZTar(ABAT) /OA=AB+AT) B LV orr(AB) /0A=BT &\ 95 A& vy, P/B XU R, 2SHBATHITH
B2 EEFHL. () XOmMIT%E 0 LiEE, K IZOWTHL &

K, = P/H/ (HP/H +R) (1)

PEONDL. THPRDIERNEINVIYTFA VK Thb. (NA2G)RITHRAT L L, Mratskyiz
RIS 2720 I ELERADPELNS.

P'=1-KH)P  (8)
INSORERDEHBEBY, AT YA YK, BBV P & R 51013 R
SR = (ox] (ox]) ) SRLETH B, 2T, TIHRYTNIMY T2 Ly 3 Y REML, ATV HYT
WA YN=DT Y TV S0 (T o4 TVEE) &faty v 7V E R LT, BREELS T
P/ = (ox] (ox])') OEBUHE RIS 2 £ CTOMEEMBS 2. T ¥ T A Y= DHE mm < N),

TRV TNVAUN=—DF v IV FEEsE k(I<k<m) &L, kFEHOX U N—0T7 V3 v 7 VEE % 6x{<k)k
T5E, LGP

L O o s s\
ﬁ;&xi( (6xl.)

1 .
= ——ox/(ox])’ 9)

p/

Q

LHEETED., T TXIREINDERA Y N—DT % v TVEB G TS5 NxmATHTH5D. LT
)Rz (DRRATHEANV Y7L YK BEoh, £t Q)RITRAT 5 2 & THITE x! A FICA
5. b, 9% Q)XRATLL

5X¢ (60X = - KH)ox! (5x/)"  (10)

&% %, EnKFIZX 57— F ALY £ 7 VTR x¢ 275720 TR, RO¥FA 7 VIZBWTT v
TUFHY I 2L —3 3 Y REFT L 00HME (T2bbENE) o7 v 4> 7 Vil ox'® (1 <k<
m)BUETHL, ZOT7 YT VEHEELLOOIEEEZT VTN - Ty I F— bR, 207
DOREANN0)TH L. TV TNHNT Y T4V I 3L RREPGFAET 05, TOIFEAER
(103 % 6x¢ @ 122V T L 220 DI DT IED

BNTET b brF—2 b7y 7 b a2itET503Q)XTHY, F— & EMLEHEOH CBIEZ Y
W) DX DEGIETTH L. £ IWBWEA T (Fur I EE—20 T V—FY) #HASED
LT, BEEFANTFHLAVCHBEOBIN T — & ZFHWREICT A, T2, BEETFTVTERT WA
BT 2WHEOMERFH DT IREEINT VAL VL EZHILBTEDL (FOLEDAVI VA
A VOREAEKICS (DO LD ICBIHE T OV TV —F UHLE), ZORBIZL) 7O VORET
HIVTWEREZNHH 72 Th BERRLED L 5 %R EH AT, 220 TE 5 E, RATk
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DY 7% DRGSR LR GPS DEWPRLER TS 2L TE 5.
3. MEBHTAFA—ICLBARRI7OVIERALT—XEHL

3.1 #HEEHEHS1 54— CALIOP

KAT7TeVVOEZELRHNELTCINETHH LIPS HmEER T A ¥ -3z L% v,
WREMOD DI 1994 FFIZAR—A T ¥ PNVICHERHSN/ZLITE TH Y, TDHIE 2006 EICH L LiFon
72 CALIPSO i} I #4530 X 1172 CALIOP” & 2015 4R ICEIBS T2 2 7 — ¥ 3 » ICEI 3SR S L7z CATS D&
THbH. INHITMZT2018EIFT H LT S 72N FH BRI (ESA) @ JWBLHI#T 2 ADM-Aeolus 5 #.D
ALADIN Tld, A¥ Y F770% 27 b LTOWRNTZ 7V VHHBREBAHENTVWSE, b0t
RSP IEDY I L BB SN T WA, CALIPSO il 1d 7 2 U A2 R (NASA) & 75 ¥ AET5
HfgEt ~ ¥ — (CNES) |2 & o T A-train L IFIEN 2 WERBINE R OF DO 1 HE LTHH LiFs .
A-train 128 TN B N THEEIZRE) % HLA TEEER 700 km O K RIIBELEZ 1 R 98 0 TRIEILTWw5.
CALIOP & 532 nm (fRE O #H5E) & 1064 nm GEARIMR) D5 2 v CRFRE 333 m/TE 1 53 g
30m THHMZEIT->TED, 532nmm BV TRELHEHEEDWEL TWD. B2 HERICBIT 5% HELHE
JEZ 7 0 VIVRL T ORRITR AR L CE LS 5. 72, REMEEIT T 7 0 VIV T OIS RS
%. FD729, CALIOP 23 4 IZHME 3 5 % BELRE D 5 WIFTHHEAR O BIIMEIZ = 7 0 V)V D721
T EOHBDOTEHREL S HEATEY, BIEEF2HW/ 7= EMLICE > T, £O7 8 VIV OMK
HERDWEEE 25, COXH)IHEIR (L2ALZ0F T TRAMBHORLNTYS) T4 5 —BllllF—%
v P RREKBIGEHST 2720, BINELS* 1013512 %8]1F T CALIOP = 7 1 VIVERl 0 7 — ¥ Mk % i
ATz ZOREE RELIECTHAT 5.

3.2 RESHBOHE

IO VIO KT R HEE T B 72012372 CALIOP Bl 7 — & ALY T, WERMcId 2 M
FHRI AR D 532 nm B L O 1064 nm BIIMEZ FIH L7z, CALIPSO fif 24T 5 LU U8B EATIES
RITOUY T NTE Lo/l ERELBHTH A, F72532mm IZBWTIFEEHEEEOBINED 77— 7 [FH
AL U7z RN EARE O 7 — 7 LT, BIIEE 72 X o TE 7 IVERE G50 % 5 Bl & A5k
BETOWEORESIAZWETLILENH L. TOWEIIHBEETVAFM L7 TV VO - #
B - ARG AEROEDNTB Y, ZOHEMEBINMDEGB N ¥ r A v &8 U TRZER B L O
ZREETEESNLZEICL) F—F AL ER IND . FHRAEEEICOWTIIEERIE D 7 V0V EL 2%
WEAN (WbWBHR) 727 THAHERELT, BHHAETICL > TRIEET VOGNS A MigESL L
WERES A B ARG BE O e A /ER L7z, F72, BIEAE T O TIIREAS T2 & 200 HEL R R E
DELEZELTH 5.

ZOF— ¥ A{LFEEBRTIE EnKF OEETHE LTRIFT ¥ %> 7VEHRA VY7 4 V% (LETKF) 'V &
MEN BTNV T) AL ZFH L7, T2, RAZ 7Y IVEIEE TV E L TREMETEERT 7 a LTl
£7) (MASINGAR) '>'¥ 2 i 5 72. MASINGAR (3R 4T OB E R FINIC S b T b Kl €7
NTHY P HGEFRFTOMEY A F LEFVIEEY 2= D—2 % L THAAFE N TIFRLME T
IZEETHN TV S, MASINGAR TIFEEW ¥ 2 b (F65) K T-DIAMC b BRIk 7 - B RERT - 4
B FERT - IR T ORH LR L TB Y, BIHETIIEN LT RTOZT 0 VIR OEE % M 4 12
FELEOLEELTWS, MINESTIZFHEEE N &2 1 2 % 72 MASINGAR O AKCTRRE% 2.8 B (%
300km) Z%EL, EnKE D7 Y4 70 X U N=EiF 20 HOAKIZ L7, TORRZHEL TW5 2022 4
B CIIE SRS L, COMMEELE T v v TN AU N—KIIREN T DL >TLE-TWY
AW, FNTHZO7T— ¥ [EMbEBRITEE D LIS L. ZofERo—HF% Fig. 1 T/RT.

COBITIEIVE HARICKBBE R EARKEL7Z-HEZRM/RLTEBY, Fig. la & 1bDFVWIHITIOHEBZH
W L -AREEOME, TOLEIEBIB SN2 o AR BEEOMBEEZRL TWA. EAWE AR
ZHUMIRER L7z 2 LAVRE E HROSREBEOSA THEIZHNTE 5. —F, F—7AtZTb I
HEFNVETTHEE LSS A+ (8) =70V )Ll LA Fig. 1a TH ), CALIOP Bl 7 — %
R & > THEE L7z FiREEAS Fig. 1b T 5. FiE TIEAM - WE - UNORFASEBIZE DN TES
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Surface Dust [ug/ m’] w/o EkF 28MAY2007 Surface Dust g/ m’] wilh EnkF 28MAY2007
b by
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Fig. 1 Simulated surface dust aerosol concentrations on 28 May 2007 (contours and gray shades;
daily mean) and the weather stations (red circles) that observed aeolian dust events on the
same day. Blue circles indicate the weather stations that did not observe any aeolian dust
events on the day. (a) Reference model run without assimilation and (b) CALIOP assimi-
lation results. (c) MODIS optical depth measured on 28 May 2007, in which red shades
indicate relatively high values, and yellow shades indicate relatively low values of the opti-

cal depth. This figure is taken from the reference”.
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Fig.2 Comparison of lidar observed and simulated extinction coefficients for non-spherical parti-
cles (dust aerosol) at 532 nm [m~!] at the Matsue observatory in western Japan (133°E,
35°N), in May 2007. The X-axis shows the date, in which each tick grid line indicates
00:00UTC. The Y-axis shows the altitude (km). (a) NIES lidar measurements, (b) refer-
ence model run without assimilation, and (c) CALIOP assimilation results. Red or yellow
shades indicate relatively high values, and blue or blue-gray shades indicate relatively low

values of the extinction coefficients. This figure is taken from the reference’ ),
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D, RLEFBUNEFE LTS, LA LEETIET— 7 FMLIC X 28O HiPH & A58 B8 o0
DR EL—HLTwAE, FAMUKET—7 L LT, 7—7RMbE ZEERLHEBNT -2 LT
Moderate Resolution Imaging Spectroradiometer (MODIS) (2 X » Tl Sz 7wV L HENES (b
b RA LI F TOWHMRE A $hEA S L72fE) % Fig. 1c IIRT. 2O T BV IVIEENE SITIZE8EM 7 A
b () Do T7u VoL Ghh, O HIZEBOZEN LR TH - 72720 HEWE S DK/
THW TN — L OMEINFETHETH 5. O Fig. 1c TH BTS2 5 N 2 B CTRFEIDL D -
TBY, ZO454EFig. 1la £ ) D Fig. 1b 12 (ThbbF— 7 FMLIC L 2HEMBRIC) Hv. 545 —T
O NTBLEF A 0 BED OISR T HELRE L V) BN 2158 5 07— & [FAIC X o THb R EE oL #iPA 7
HeEEDHE NI HBITH 5.

CORD ORI T O NS A EZRLIZOA Fig. 2 TH 5. HElAEE, HE2SHRETH ), B
FESZBREENIE S BT A =2 RE L TW A BRI TH 5. £D 74 5 —I12 X o THI L 727
FR¥AS Fig. 2a TH 525, ZOFNMEIZ T — 7 ALz b Twniwv, £ L THIEET V2T THEE
L 7= R A% Fig. 2b, CALIOP Bl 7 — % [AMLIC & o THEE L 724 R KA Fig. 2¢ TH A, 200745 H
26 HICHER 2km DTN —AHFHEL, TOHRSMITHBIRE (BB X ZREICRAITS) 258 L Tw
% Z L AEINALE & CALIOP il 7 — ¥ FML TR SN TV 225, BIEET VDA TOHETIE TV — 2157
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Fig. 3 Dust aerosol emission during a dust storm from May 21 to May 30, 2007. (a) Reference
model result without assimilation, (b) optimized model result with CALIOP data assimila-
tion, and (c) difference between the reference and optimized results. Red (blue) shades in
the difference map indicate that the optimized dust emission is stronger (weaker) than the
reference dust emission. This figure is taken from the reference®
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THERI D IELIEL ZoTLEoTWS., F72, 5 H12-18 HIZHFW TV —20FELTWEH, Z
NS EAEE TN DA TOHEFEIZ LT CALIOP Bl 7 — 7 [FLIC X 2 HEE D AR L EE S BEICHL
Tw3. %3, CALIPSO/CALIOP 8BMRIEMITTOE L2 HHEB TS 2 Lidd D fHewnizd, To7F—
Z Ab#E R (Fig. 2¢) 13800 km & % W I3 T km B L 7235071 % @8 L 72 CALIPSO/CALIOP O Bl 15 #HC
HOWTHZEENDDLEEEZTI W, F— 7 RMLOAHMEZRTHBITH 5.

3.3 HFREBHEOHE

Bk L7238y, F—2ALZEZ 7oy VvolRmitEoHf e bk Th s, ZoB, i)
F=ZICHERRBHESETIN TR LTS v, EE, WRmBH RO L#HE 2 EEBENEATiETH
. REHOZTOVIVIRE (b25WIEREESWHBOS 2 WHE) oBlililfiEs s, ZoE otk
M Ed 7= AfbiC L > CTHETE S, ZOHIDFig 3 THDH. T THoF— LY AT A1
32 i & LT, CALIOP I & » CHIM S N7z 2 RO T 7 1 VIV ik 7 LR B & s % 7 — %
FALLTWAY, HELAZOREWY A+ (#) =70 VoORERKIMETH S, HEIEHRENSLE
L7278, SZTRRLTWEDIIEBORILIFETHLT VT7HORTH 5.

7= % WML 2 AT O TIBEE 7V 7200 T L7 RN R (Fig. 3a) TRIKBRO Y 7 5 <5 bt
5 TEWEIZHT THEM—RICEB L SN T WD, THIIEEE 7V MASINGAR I2&ENTW5D
FHAE G35 7 — & BB R0 AT 7 — & ICHE DU T ld 7 KB R K E oMW Sl ibh Tl Y, SRk
DOBHRNZENFERNTH L EEZ S5ND. —F, CALIOP il 7 — % LI & - THERE L 7z R m i =
(Fig. 3b) TIIMIRT & DMMBEDHENKE V. INOLODEGERLIZDN Fig. 3¢ TH Y, 75~
U E TERELIR TR AR S X 9 CALIOP Bl 7 — % F{LIZMIEL TH ), TEWEBELET
FHINS 5 EDHIEL TWDE 2 e300 5. B OWZE THROEIEE 7V CTd TEMEILI TP IS4 % #
KEFAT, PR CHAGHIL CTWa 2225 hoTEN Y, 2oL b FHLAVHIEMETHS. L
L& 2 LICHBICR ST 7 ay Lol B2 L#PHICEEBIT 5 2 L IIAETH L7720, 2
@ CALIOP Bl 7 — # AL b EHEM THIET 2 2 L3 L. WIS 9 &, EEBNOMHLVWYHED
JAFIPRHE RIS D T AMLIZ A TH H L) TR ELFMTH L. SHIT, ZOBIIITA ¥—#illo
£ I 0 BEAOWREHAREZ KT DI TIE A VBN ZYHRESFHTE S 2 8137 — 7 Ffbofi iz
KELFI&EVED.

3.4 {RAEEER

WIZT— & b %l o 7258k e IR KR 2 #0557 — & RABIAE S Bl %2 Buiie 70 (B X OB
AT CTHEUPMICER L, oS0z 7 — 2ty 52 LT (2L 7 =7 ALTfi) it
BB 2 VE > 72 BHE TV L3R4 %), SWBIIE Z1E 5 720 12l o 728Ul E 7V O REEZ S5 5
WETHIENTEL., TNEBMNIATFAYI 2L —2 3 VB (OSSE) LIER. ZEI 0L EER
TEDPFAT 2 e &, RETHO Tl 41 2 Bl a2 Bl i AL 2 38 A 3 2 Bl R FHROKEE
MEOBMBINC X > TEDOREN L4 52 OSSE I X o THEMAL L 720w S5 TH 5. BRI 13 Bl
EFNVTER L TV L 720, ZORMEE TV OMELREMERICE T 2 BT TR TFRICAS W27
VIOV OH ERUE R D A S 2 EAEE). L7225 T OSSE CHEMMMREEZHET L L, TOIEMARE
HhENTRE 25, BIlNE2 '3 0B CALIOP Bl 7 — # [ Y D ¥ 2 7 2 % FIH L, CALIOP @4k
PR 7 — & Z OB T AL SR LT T a V5 4 ¥ —#EBR O OSSE Z ik 7. ZFoks, Bl
fF L U < CALIPSO % 1 R721FRAT L T 2 AT 2 T, CALIPSO %4 A4TH LiFshiTn b
AR (212 CALIPSO 1 [F] LHLIE T 90 EE iM% 35 L TRAT) IOV THEW S A+ (3
i) 7 vV MR e 24T - 72,

ZOREDN Fig. 4 TH D, TITRET V7Koo VI EOREMEZERFTRLTH
%. [, Nature Run (FR#8) 23RO E (372D BIEME), Free-model Run (Fk#R) 257 — % [
Ll ColtER (B RBRLEFVEMSTVBEDOTHIESY 4 I ¥ 73TV BRI E4IcBs 5
TW3), BEF— s ALICk 2ERTHH. F— 7ML X o THERORER LR 5N 575
CALIPSO 785 1 5 L2 RAT L T WA IZIEfME L 7 — & M b gm0 22T 8 LT L F 9 7 — A5
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Fig. 4 Time series of the dust emission totaled in the Asian Dust source region (mainly China and
Mongolia) in late May 2007. The dust weights of six size bins from 0.200 ym to 3.17 um
in diameter were accumulated. Red circles indicate the true values produced by the Nature
Run. Green triangles indicate free-model results without data assimilation. Black squares
indicate the data assimilation results with the CALIOP data assimilation. Only one satellite

was used for the data assimilation in (a), and four satellites were used in (b). This figure

is taken from the reference!?.

Rohsd (Fig 4a). ZHITHAT CALIPSO 254 BfRIT L T\ % & ZOTRBEDSKIRICHE/INT 5 Z L B35 H 5
(Fig. 4b). OSSE 1Bl F D CALIOP 7 — & AL OAEEMGEICHE 2 5 7217 T% < (Fig. 4a D — ), Bl
FETIERAARNTREZBALMLT (F121E CALIPSO %4 B &\ 9 Fig. 4b O — ) TORMFEER D WMHEICS
5.

4. BbHYIC

CZTRATZTUIYNT =Y FULORE N OEZ 7294 F—FRELI v ¥ a IO TA LRz,
CALIPSO/CALIOP (5 W IZ D et H A RE B THRE L) 72245, BHREZEIVELZHAELZW
(2022 4E 12 HITE). WRER I A ¥ =2 EAICH 75 LT b RAETT7Ta VBRI KRTH Y, 7—
FRALICE > TEHIZZDFEHZ 500 T, BEMIETFSZENTESL., 22 00H0N A
W EBNRHEEA A -V y—BHTIRESR VL ONE L BRIHE a7 7 4 VIEH), Kaz7ay
VEIAZ EHNE L7294 ¥ —HBgES 22 RIT LT T NEZ L EZH-TRER V. ZOHVEM
ZATCANBHEEI v ¥ a YHESA L EDE O FH AL FEH M JAXA) A33E[H THE® T % Earth
Clouds, Aerosols and Radiation Explorer (EarthCARE) T % !7: 18)  EarthCARE 1 4 15 FIFASER X T
E7205, DWIZ2023 EIH B LIPS AT Lo/ ZOBEICERINSLKEAT 1 ¥ — ATLID 12D\
TIAPEERIEAS I LW, BarthCARE 2 F v 79 —EBL — ¥ — ML TWa 720, =7avn - & -5
Wt Bk 7ok Z0BAN BN S WIS TS. Fr KA 7 1V IVIFZEH 12 EarthCARE 12K & 7214
FEHFETn5.

5L, WMEEBRIA F¥—0f b FIFEBIRON TSI HTIE, =7a VY )VvBlillhas3 g Tld e wiiad
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Aerosol research using regional chemical transport model
in conjunction with lidar observations
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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” .

F—U—F: 45—, fLFERETN, =7V, 7T—FEL
Key Words: Lidar, Chemical transport model, Aerosol, Data assimilation

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
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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).
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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.
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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®?).

7 — & LR RBI A v N T — 2 ORREE - £ 287 MREICHET A2 TE 22D, Fig 5t 4
WILE % B A L7z RCTM 2 A L7z AD-Net ® 9 BALEE, &1L, #AFICBIF 5170V )V ERRE I
T57V a4 MEE (82055 TELBTIAPNRHEOREICED L SWVEEE 5.2 50) DK
GAITH A, ALBUIIPRERALH S 258 ¥ 7 OFMKKEOL IRz, dLRFhEERREE LS
W2 DEEDH Y, FINIEEO R HIRAL - WEERO TEBEA LMY, HibHh o AR 7o
VETHN=L TS, BT, BREOEVEBLSRTE - PTEHRRELILCE > TEY, PED S OB
BEILSIMZ TS, 72721, ThHid7—2EfbZE U TCRCTM O FHNC S 2 A e sk L L) &
L72b0ThY, BB AARFELT OV IVOBEHREZIRZ S L TRELZREZ LT LOEKRL TV RN
HICEBPLETH 5.

5 HHYIC

Dk, S FEET NV E T4 ¥ =Bl 2 OO 72ROV T 3 DDBE» HH L7z, AT
1%, AD-Net OFEHESFNT TH SN2 HKE - IR FIHEUREZ 72098 % 2 SRR L7228, B BRBERE
M TIELZWRET Y VHELT A =R AT MV ET A ¥ — (HSRL) &M\, 15570658k 5
I7OYV VR S S - e T 5 FEOREAED STV 5524252620 @R B S f 5 — 2D\ T
i, EVREsk, B RRIR A RS LB X » ¥ 3 ¥ BarthCARE 12 X - T HSRL T& % ATLID O¥1H EF 5%
EENTEY, Hik L7 oy VO 58 - EEAFE S Twa2 . SRR LA S
TaOYNWEEGHLYI 2L —a YT ARCIM EED X HIZ “WA)i- REOMLT" BELRL0H, M
HOREKEZDHIIHZT7T— 7 AMENDILHIE LA TH S, 5%D, RCIM & 7 1 57— B2 DR
BEREE: % B LR TH 5 L DI LT 72w,

E

ARSI B4 %8 (A) (JSPS Kakenhi JP22H00562), BREEWFZEAAHME#EL: (SMF-2201), JAXA 45
3 Il b Bk 87 00 F 78 285 3£ B X UF Collaborative Research Program of the Research Institute for Applied Mechanics,
Kyushu University D338 % %17 F L7z,

51 RsE
D UMK - ESEBRBIOETERT, W7 ¥ 7O WA - RAGRW A 54 T W, ALFRKE P A T A CFORS,”
https://www-cfors.nies.go.jp/~cfors/index-j.html (Accessed 2022.12.5).
2) ENLBREFZEAT, “REIGH Tl 2 A 7 2 VENUS,” https://venus.nies.go.jp (Accessed 2022.12.5).
3) MBEPOHEGE (W), DK, BUESH— G8), REBEE T > 7, iR (2021).
4) [E . BREEWFZERT, “Ad-net, the Asian dust and aerosol lidar observation network,” https://www-lidar.nies.go.jp/ AD-Net/
(Accessed 2022.12.5).
S) WK E, I-WELIA YAy P2 IL BT VT RE LT O VDE= S V7 L=y Y
YRR 1(3), 3-12 (2022)
6) M. Uematsu, A. Yoshikawa, H. Muraki, K. Arao, and I. Uno, “Transport of mineral and anthropogenic aerosols during a Kosa
event over East Asia,” J. Geophys. Res., 107 (D7), 4059 (2002).

37



</ !> Laserﬁadarsacle(voﬂapan b—

L=t vy v 7East 48815 (2023)

7) 1. Uno, G. R. Carmichael, D. G. Streets, Y. Tang, J. J. Yienger, S. Satake, Z. Wang, J.-H. Woo, S. Guttikunda, M. Uematsu, K.
Matsumoto, H. Tanimoto, K. Yoshioka, and T. Tida, “Regional chemical weather forecasting system CFORS: Model descrip-
tions and analysis of surface observations at Japanese island stations during the ACE-Asia experiment,” J. Geophys. Res.,
108, 8668 (2003).

8) N. Sugimoto, A. Shimizu, I. Matsui, I. Uno, K. Arao, X. Dong, S. Zhao, J. Zhou, and C.-H. Lee, “Study of Asian dust phe-
nomena in 2001-2003 using a network of continuously operated polarization lidars,” Water Air Soil Pollut. Focus, 5,
145-157 (2005).

9) A. Shimizu, N. Sugimoto, I. Matsui, K. Arao, I. Uno, T. Murayama, N. Kagawa, K. Aoki, A. Uchiyama, and A. Yamazaki,
“Continuous observations of Asian dust and other aerosols by polarization lidars in China and Japan during ACE-Asia,” J.
Geophys. Res., 109, D19S17 (2004).

10) I. Uno, K. Yumimoto, A. Shimizu, Y. Hara, N. Sugimoto, Z. Wang, Z. Liu, and D. M. Winker, “3D structure of Asian dust
transport revealed by CALIPSO lidar and a 4DVAR dust model,” Geophys. Res. Lett., 35, L06803 (2008).

11) K. Yumimoto, K. Eguchi, I. Uno, T. Takemura, Z. Liu, A. Shimizu, and N. Sugimoto, “An elevated large-scale dust veil from
the Taklimakan Desert: Intercontinental transport and three-dimensional structure as captured by CALIPSO and regional and
global models,” Atmos. Chem. Phys., 9, 8545-8558 (2009).

12) Y. Hara, K. Yumimoto, I. Uno, A. Shimizu, N. Sugimoto, Z. Liu, and D. M. Winker, “Asian dust outflow in the PBL and free
atmosphere retrieved by NASA CALIPSO and an assimilated dust transport model,” Atmos. Chem. Phys., 9, 1227-1239
(2009).

13) S. Itahashi, K. Yamimoto, I. Uno, K. Eguchi, T. Takemura, Y. Hara, A. Shimizu, N. Sugimoto, and Z. Liu, “Structure of dust
and air pollutant outflow over East Asia in the spring,” Geophys. Res. Lett., 37, L20806 (2010).

14) 1. Uno, K. Eguchi, K. Yumimoto, T. Takemura, A. Shimizu, M. Uematsu, Z. Liu, Z. Wang, Y. Hara, and N. Sugimito, “Asian
dust transported one full circuit around the globe,” Nature Geosci., 2, 557-560 (2009).

15) FHER, By, K E BARME, BIE—BR, KEFIE, Z. Wang, and S. Yoon, “IKT ¥ 72815 A%
RIFET 7 0V X BFRE S ORED I L v KON, " KA, 59 (8), 702-707 (2012).

16) Y. Hara, I. Uno, A. Shimizu, N. Sugimoto, I. Matsui, K. Yumimoto, J. Kurokawa, T. Ohara, and Z. Liu, “Seasonal characteris-
tics of spherical aerosol distribution in eastern Asia: Integrated analysis using ground/space-based lidars and a chemical
transport model,” Sci. Online Lett. Atmos., 7, 121-124 (2011).

17) K. Yumimoto, I. Uno, N. Sugimoto, A. Shimizu, and S. Satake, “Adjoint inverse modeling of dust emission and transport
over East Asia,” Geophys. Res. Lett., 34, L08806 (2007).

18) K. Yumimoto, I. Uno, N. Sugimoto, A. Shimizu, Z. Liu, and D. M. Winker, “Adjoint inversion modeling of Asian dust emis-
sion using lidar observations,” Atmos. Chem. Phys., 8 (11), 2869-2884 (2008).

19) K. Yumimoto, K. Eguchi, K., I. Uno, T. Takemura, Z. Liu, A. Shimizu, and N. Sugimoto, “An elevated large-scale dust veil
from the Taklimakan Desert: Intercontinental transport and three-dimensional structure as captured by CALIPSO and
regional and global models,” Atmos. Chem. Phys., 9, 8545-8558 (2009).

20) X. Cheng, Y. Liu, X. Xu, W. You, Z. Zang, L. Gao, Y. Chen, D. Su, and P. Yan, “Lidar data assimilation method based on
CRTM and WRF-Chem models and its application in PM2.5 forecasts in Beijing,” Sci. Total Environ. 682., 541-552 (2019).

21) H.Ye, X. Pan, W. You, X. Zhu, Z. Zang, D. Wang, X. Zhang, Y. Hu, and S. Jin, “Impact of CALIPSO profile data assimilation
on 3-D aerosol improvement in a size-resolved aerosol model,” Atmos. Res., 264, 105877 (2021).

22) H. Ye, W. You, Z. Zang, X. Pan, D. Wang, N. Zhou, Y. Hu, Y Liang, and P. Yan, “Observing system simulation experiment
(OSSE)-quantitative evaluation of lidar observation networks to improve 3D aerosol forecasting in China,” Atmos. Res.,
270, 106069 (2022).

23) HAEAL, 7T —F AT EEIGH L2 RESE, " RAALEIFE R = 2 — A L ¥ —, No. 22, https://jpsac.org/
wordpress/wp-content/uploads/2017/05/NL22.pdf (Accessed 2022.12.5).

24) BAME, “TT7aVVEHINIA ¥ =Y AT A, L—¥t vy 7EaiE 1(1), 14-28 (2020).

25) T. Nishizawa, N. Sugimoto, I. Matsui, A. Shimizu, Y. Hara, U. Itsushi, K. Yasunaga, R. Kudo, and S.-W. Kim, “Ground-based
network observation using Mie-Raman lidars and multi-wave- length Raman lidars and algorithm to retrieve distributions of
aerosol components,” Journal of Quantitative Spectroscopy & Radiative Transfer, 188, 79-93 (2017).

26) T. Nishizawa, N. Sugimoto, I. Matsui, A. Shimizu, B. Tatarov, and H. Okamoto, “Algorithm to retrieve aerosol optical prop-
erties from high-spectral-resolution lidar and polarization Mie-scattering lidar Measurements,” IEEE Transactions on Geosci-
ence and Remote Sensing, 46 (12), 4094-4103 (2008).

27) Y. Hara, T. Nishizawa, N. Sugimoto, K. Osada, K. Yumimoto, I. Uno, R. Kudo, and H. Ishimoto, “Retrieval of acrosol com-
ponents using multi-wavelength Mie-Raman lidar and comparison with ground aerosol sampling,” Remote Sensing, 10 (6),
937 (2018).

28) TUEEEY], M BE AHEE WA G, WEEBERESARS MV A4y —IlX sz T u Yyl - EOLEIRE
W,” L=ty rpagt 1(2), 55-60 (2020).

38



gl LRSJ a.' -n

<f 9) Laierﬁadarsucle«voﬂapan b—*f’c

L=ty vy rtail 048 15 (2023)

SXiEth

JUM KIS S SE T 8%, 2008 SE LM KK FZBRA AP 2N X 0 it (1042) O 2 TS, 2009 45 H AR %
MRFESFFHIAIZER (PD), 2010 4E— 3— FREH TR BUIZER, 2011 $m%ﬁ%%ﬁn}ﬂﬁﬁﬁ%ﬁ, 2015 4¢
[ EAERFZEE, 2017 SFEIUNKRAICH I W 2E ez, 2021 48 X 0 UK.

39



gl LRSJ'.4 “

</ !> Laserﬁadarsacle(voﬂapan Iz—"ft

L=ty vy rtail 048 15 (2023)

BE ZM/4—7—48BI1 (ZT7OVil -5

I\"‘y 7o—214 58 —%ERAL]E
AREZMEDERE - IWBLBREDOMHR

EE AR
VIR R FBI2E (T 814-0022 £ B 8w X B2 8-19-1)

Pollutant diffusion/variations using 3-D coherent Doppler lidar measurement
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The Doppler lidar is a powerful tool for direct observation of 3-D wind speed/direction. Combining
observations of trace gas/air pollutants with the Doppler lidar allows us to understand the finer diffusion
process of air pollutants. In this report, we present a study of pollutant diffusion over the Fukuoka urban
areas using the MAX-DOAS trace gas profile and ground-based gas/aerosol observations combined with
Doppler lidar wind observations.
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Key Words: Doppler lidar, diffusion of air pollutant, nitrogen dioxide, MAX-DOAS
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Fig. 1 Locations of observatories (Fukuoka University and Yakuin). Black
arrows indicate the azimuth directions for RHI scanning of 3D-CDL (0°
and 112°). Red arrows indicate the lines of sight of MAX-DOAS. Color
shows altitude.

Fig. 2 Photograph of the 3D-CDL instrument installed at top of building A of
Fukuoka University.

Table 1 Technical specifications of 3-D coherent Doppler lidar system.

Parameter Specification
Source of light DFB-Er doped fiber laser
Wavelength 1.54 um
Pulse energy 1.0 mJ/pulse
Pulse repetition rate 4000 Hz (average power: 4W)
Pulse width 200 ns

Telescope diameter (effective) 120 mm
Range resolution 60 m

Measurable distance up to 12 km (200 range bins)

79 —54%— (LLF3D-CDL) %fRAY: ABE L (33.549°N, 130.366°E) (Zi%iE L (Fig. 1), ##6F 5
N O JRE BN % Bl L7z, 3%iE L7z 3D-CDL O#Hl% Fig. 2 12, 3D-CDL D&% Table 1 12773, Bl
RIX7 4 £ — 77 1.54 um, 3D-CDL (3)A D 3 WICH A Z EHEBIN T2 S EAMEETH ), & I TIX
KEAFGRWEOWEL - % - R S5 M2 KEHLOTHALICFNTE 52Y. Fig. 3 12K
TOPBHFF 2 RT. oL, BUIH A OIS N IEK O AL AL > TR F N2 A
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Fig. 3 Horizontal sections of (left) SNR, (right) radial velocity for PPI (Plan
Position Indicator) scans with an elevation angle of 0° observed on 1
August 2017 by Doppler lidar in Fukuoka at 20:40 JST.

Fig. 4 Photographs of the compact MAX-DOAS instrument installed at Yakuin,
Fukuoka.
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Fig. 5 Tropospheric NO, vertical column densities (VCDs) (molecules/cm?) observed by Car
MAX-DOAS on the Fukuoka Urban Expressway in Fukuoka, along the closed circular
route, on 30 November 2015 (7 circles from 8 am to 3 pm; #1-#7) (Yamaguchi et al.,
2016)%.
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W D% R HHAE 2 AR BB N L —F— & LTHEMTRETH Y. NO, © T2 A Lk
OMBEE E Z SN, A TECTIZHABHRL N A SEOPL T AP EELPHEEZ SN b,

Hg6’mm&ﬂlﬂwa’ AR R D F P & MR K12 T, MAX-DOAS # CTEU L 72 NO, o B¢
FEWri 2783, 703 Fig. 1 1SHEE & W KFEOEHT, MAX-DOAS O HTZ R L TW5. HEIIHRTES
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Fig. 6 Time-height section of NO, volume mixing ratio (ppbv) observed by
MAX-DOAS at (a) Yakuin and (b) Fukuoka University on 29 November
2018 (Ueki etal., 2021)?.
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Fig.7 Horizontal sections of radial wind velocity (m s ') for PPI scan with elevation angle of 0°
at 8:28, 11:51, and 13:49 (top panels) and north-south height sections of radial wind veloc-
ity (ms ') for RHI (Range Height Indicator) with azimuth direction of 0° at 8:23, 11:46,
and 14:13 (bottom panels) observed on 29 November 2018 by 3D-CDL in Fukuoka. For
the top panels, axes show horizontal distance (km) from 3D-CDL. For bottom panels, the
horizontal axis is distance (km) from 3D-CDL. The vertical axis shows height (km).

Warm colors represent flow away from 3D-CDL. Cold colors represent flow toward it
(Ueki et al., 2021)°.
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height [km]
O=NWh_
|

i
T
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{9
q =

WMELTWS25, WAMEZBIIILThd. WolT) MW KRFIZMED S NI Skm LEER TV 225, #8
L EZORAAZ BN L TW 5, FRrIE R R TREDE <, FRICERETIE, FA1I0RZAFET
HRETH L, HHEEEE S L (Fig. 6b), 10K ETANS, L) EETORE EANALNSE. ZO
%, FEBETIE 13:30 EUREICHL R AL CIRIREEIC 2 0, 30 25013 LRI TR R R 2 O B b ARSI 22 o 72,
3D-CDL O i Hl # &b TH B L (Fig. 7), W] i%w@ﬁm@ﬂ#ﬁ%mmamm@EWf% 2 CT&5%
(BEJE). 2 k) EZEORMMSIE TR LTI LEAE THS, BEHICK S EKPEMIHEH, NF—
Ve VIKOWEEDGERTE S (Fig. 7b,e). EHITHRICA D, W2 SMmVE (BER) 2ALTWS
(A MY =2 MR- TwD). BIIHBIE 2 &5 SHPEH S N2 NO, KA 0 B3 it ST
WA, ZOHROSEREICE DV IRAIC BRI, ok, WEROBAICLD, MmREAIEHEIICERL
HEEHIZ, HEDOHEGERELENHALLEEZZONS. RBAFEFO X ) ITHEIC X > THEREZLRIA
K SR L) T ARTIE, 14EEE L TEII S Y. 3D-CDL A EGE 2 Tk <,
SRR EHEE A B TE 20T, ZOHEBO LX) ITKRAGEWE OILEIIRIHD THRTH 5.

Ky 79— 4% —%FM L CHERATROBEICOWTHARZFEEIRETH L o055, fEEE
TEEROMHLAT, JHHI 2 AIHEE DA D, BRI ASEE S 5 BRI ﬂhkmﬁm#bﬁﬁ&\ﬁwﬁ_u&
W4 2HEB2LIELIZERTH B S TW5S. 3D-CDL THIMlT 5 SN IZ T 7 a Vv L EIIFIFHGIL,
%%ﬁﬁﬁ@&ﬁfiﬁ&fﬁ&éhﬁx?m/wﬁﬁ%énflym/wﬁgﬁmr%m<&é_a#
HMENL/zD, SNILOBHDS BT EZIET T LATTE 5. Fig. 8 [ M FEF CBIN S 7z i i o 2
Bl RS (SN M & BURGEE O KT I B X OSRIEWI). Fig. 8a TIXRIPE 2> & L HG I HiARIE  CIURAT)
BHR LN, ZOHiH CGLrEi) < SN E FERME T 7 oV VRENE ). SEBIHX (Fig. 8b
E)@%ﬁﬁ@@ﬁ%ﬁ#ﬁ%f%é R R RO NS BY L, Z 9060 CIEIE 73l &SR B K % il
L7z @#EEC, fRRKETOMREOT 7T O VRER T TR, 79 v 7 h—Kr, —WbiE (Co),
2R ﬁ(yh) IOWTHRE LY A I v 7 THEREHTOMmMABI S (Fig.9). B 0FEpITIX
ZALDSR SN2 o 22 ASHTRGEBIF IS VY (03) BEORS D LIZLIZBH S hTws!), Zofflc
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(a) Fukuoka, 20170629 [12:02, el=0.0]
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Fig. 8 (Left) SNR and (right) radial velocity for (a) PPI scan with elevation
angle of 0°/ (b) RHI scan with azimuth direction of 112° observed on 29
Jun 2017 by the Doppler lidar at Fukuoka during local front passage
(Takashima et al., 2019) ',

20170629 (Fukuoka Univ.)
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Fig. 9 Time series of aerosol, equivalent black carbon, ozone, carbon monoxide,
sulfur dioxide observed in Fukuoka on 29 Jun 2017 (Takashima et al.,
2019) ',
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22 Feb 2020 [8:13-8:25]
180 F T T T T T T LRRRES

160 -

B oH R
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o ©

T T

Height [m]
8

0 5 10 15 20 25 30 35 40
NO:z [ppbv]
Fig. 10  (left) Photograph of vertical profile measurement using electrochemical sensor
(middle) photograph of the electrochemical sensor unit (right) vertical profile of
NO; observed at Fukuoka University on 22 February 2020.

EHTHRO G X A% 300-400 m FEPE &% <, F 72 FiH T 28 88 IRF 0D K50 G B BE D AL S HL R I K & v Sl
Thotz. WL ODOUGEETHR O OFF & T L7z & T A, BIFRASSRE I ER N 5 A5l b A 8)
TEARRKREEHALALND L) THD.

S OICHEEBNA SIEFCEFEE I S 23 572, 3D-CDL, MAX-DOAS, Hi F#IIZ N 2 T Electrochemical
U EIHIN LN U 2 T RAG W E O SE A B 21T O iZEd FERiL T 5 (Fig. 10).
RRESRIKICAE L v E T A % (CORNO,) ZHERL, SHESAMAMEEZITH. Electrochemical
YHIEMTH Y F72EEIITH DV IEERNATRHHEINS X912k o7 ZHETORKIGRWE O
R BIREEI 22 K2 A SN TV D, 20X Y IS EHEEN TR & W) IS 5 DT, SR 54
IR RETH 5. Fig. 10 12 NO, SRES A OFHBI 2R3, RENICHEREHZECRENEL, 2k b Rz
TEDMK L, WRABERDPGEAEL TWDL I bbb, ZOFITIX 3D-CDL O FEHE % OB & MAX-
DOAS NO, 325 Bl & A b8 TN 2 1T-> T b

4. £ED

RIABTHEICT3D 2 =L Y M Ry 7I—F 4 ¥ —I2 X 2B & R o8 2 22056 L, K&
BE ONHGRIEIZ S A7 2 470 T b, REEGELEZ FIH L 72 MAX-DOAS L& IdN 5 ) £— bt
YU E B THALEFRE (NOy OFRES A R T E O 2 #i i THEBE L, #WEHO TR S
NO, 2K - SR I HEHL - Wik SN L RFOTBULICR Y L7z, - RnisaEsic & b 2w,
KELT TN - T ARG 05D§ RS & v ) BRI TREE§ 2 FENOW T, JHFTHRO K-S E R
OB EMAGDETHLNMI LW L. RAERE 2 BFT 57200 KRG E O BT+
B Bt OB E LA, B, 7V E I, X0 ERR - SRR SRR CHBESED L) IR T
ETW5, 72E 2 I ANTHEEBIIZOW T, TROPOMI (Tropospheric Monitoring Instrument) 4Lt >~
D IRREII KT 5% Skm I2F T E L, ¥ 512 GEMS (Geostationary Environmental Monitoring Spectrome-
ter) 7o EERIERAIRBIFAEICL D, BFREICER L 2B TON D X9k o TE 2 fghal & M R,
ETNAEROT O EbRICL VHEFFIID L TOoMEL TV 52, #EMELIEARE S OWMHEICB W TIE, K
- SREILFOBRE ORI F 2B LB E T XS, TOB, Yy 7 I—94 F— I3 RGEREORE L
JEEIN A FREICAT) S EATE, HAEBNEB LBE ETVEDL ) ZTHOTHEBZY — V%5,
WAL 72 RAMER S ZRH L Ny 79 =94 ¥ =L OEAEBIINC X 2810, SHoORFEREEL
MHES 2 ECHEANRGHETFELE WA LS. Mkl & ) R BnT, ThETHRVTE
IR R 2B Y — v siBin S e, Sthd, BEERGUGS, Ml RGIGS, KBRS, KELF 0%
Win EANOEBS PRI NS,

E

I RFZEIZBI S Ny 77 —F 45— @B, BEREIEERAHEBIZOWM IO b L EiE L T»
5.
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Lidar observations of eruptive products of the Sakurajima volcano

Haruhisa Nakamichi *!

! Sakurajima Volcano Research Center, Disaster Prevention Research Institute, Kyoto University,
1722-19 Sakurajima-yokoyama-cho, Kagoshima 891-1419

(Received November 15, 2022; revised December 28, 2022: accepted January 13, 2023)

Two lidar instruments were installed at the Sakurajima volcano at the end of November 2014. These
Sakurajima lidar instruments were the first to specifically observe the eruptive products of this volcano
in Japan. The Sakurajima volcano is one of the most active volcanoes in the world and is in the best loca-
tion for observing eruptive products. Volcanic ash is the most fine-grain of eruptive products with the
particles size of atmospheric aerosols. The lidar instruments can observe such fine volcanic ash. Small
eruptions, unreported by the Japan Meteorological Agency, can be detected by the lidar instruments set
up at the Sakurajima volcano. Large volcanic eruptions are a concern in Sakurajima Island, during which
prevailing westerly winds could disperse volcanic ash to the Japanese Islands. Therefore, this ash is
expected to be observed using lidar instruments in the Japanese Islands.

FoU— KTy = BRI KILBEK, KILEHE, KILR

Key Words: Lidar, Sakurajima volcano, eruption, eruptive products, volcanic ash

1. ELBIC

RITERIZ X o TROPSBR SR BBHPIE, KK, KNV F & KINETE Vo 22 KILFE Y & KL
HADBHLH., TNHDH 5, KOO KINFEWIZKINKTH S, Fig. 1 ITKAT 78 YV EKILKORE
B OR339, MR O KUK OREE 0.1~50 um 1ZHLK - FERE— FOZ 7TV VITHYT 5
KFHTIEI —BEL T A =120 T/H DY, L—HF—KD¥EE (0.5um B X O 1 um) MK KK Dk
PRI N2, S ORED KUK B KD E. KUK EE=41) ¥ 79 57201213 KILIK % 8
OMRE L CRIT 2 285 2 B ENH L. T, MEREDOB KIS 5 KINIB W THBIKILK
RICEEY B X OFRT 4 2 Fax— 2323 L CRIEDRIE X OBl TbhTna, Lol
SN OFETIERAE 250 um DL EOMAB KK L2 5 2 E DB TE RV, KIWKDRED /NS W IT &
FECTRIEDERST Y225, KAPOKINKEEEZY Y ¥ 7 F B IEHEKIK ORI E T H
b, FIZT, 545 —FHWDL I L THRALIKOHIRSTE 5.

REHOKINKZILIRT S Z L IZKINEKZEZDOSDOZEMT L L7217 TRL, MEROREMRE V-
TRERNGLENERD L. RO Y 2y P2 v T RNk E AT &, KRIWKDH T AR5 0BL Y
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VOLCANIC ASH
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Fine acrosol particles : Coarse aerosol partlcles
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vol%
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Fig. 1 Particle size distributions of atmospheric aerosol (light gray) and volcanic ash (dark
gray) . This figure is modified based on the original figure of Durant et al. (2010) D,

VHTRERL, =y ryo7L— R KD LSl ZE 720, 0 Y yasmss i, HEdEIHMK
TLTLVVVﬁiﬁE:é.iw_,4/b%x?@zwﬁ%@wwzy/AM®m&$%Awa
RL—=VTH, A=AV THEDOR—A V717 RO ARO T 2y Y2V U 12 5L F
72, U F T MKILO 1989 4EEKIZBNWT, TIAN EZBICTR—A V74T RO 4 DY 2y b v Y
YA EIL LY. 207, KUK DRLZREEA~D B % BT 5 BRI 2 AR & A5 1990 4R8I HESE X
n, Mo o fTOR SRR H 22 B K ILKTE#HE ~ % — (Volcanic Ash Advisory Center; VAAC) A3
PR, EREKRIDKICET 2ERABHENTVWE, 20 b0 —2PFRLTFICKBEINRTEY, Hil
VAAC EIEIEN 59, KIKIZ & o THZEHRAKHBICHE S W& LT, 20104E4 14 HOT A
AT Y RDIAXYTAXYNTI—2 PVKILOBERDY D L.  OWEKOWEMIZHL 9km LLEITEL, I
BB DO K E VK TH 72720, KIWKAHETE I —a v S eI L7z, Zo/kz), BEarba—ay
IR EZBDORE T OZEED S E N, KB R ZERELDE Z o 72, RATENRIXIB OB E L B 720 DO KA
HORINKRELESDH D, -0 v 3074 ¥ —BI#E (European Aerosol Research Lidar NETwork, EAR-
LINET) ASKUDKIEEHEE IS S N727. SO X5 ICRAT 7 u Yy VBHlO 720 Ic ks hiz o 4 57—
WHIEKINKDE=F ) Y ZITEHEIN TS, —F, BKLTWAKINZBWTIEKINB D 720125 4
F—%BALTKINKE=F) ¥ FE4T) BRADPHROKRETIHE > T b

$%fi HARTHROEKPHELTEBY, 77%%#&?%&%&&% BT A KINBMEH O 4

— XA OME L, DR LBNEROBIHEFIZOWTHERS. £ LT, BITOWHEHEFITH S K

m%kl7DYW@§%§ﬁtowT%$Kﬁ« BEICHEBIZBOLWTRS I N TV AR KIS 5
FTA T =B 72RO KINKE=5 ) ¥ 7O REHEIC DO W TR,

2. BBICHITZ T A—BRRADHE

R BB VR LR VR BT IS AE S A KIl (Fig. 2) T D, 1955 0 SHAE T THRAAHHEI AL T
L. FDH, BEBIZBWTKINIZE OO 4 RHEB L OB ThbTwa, Billo—BE LT, K
KRB TR (B SEE) (3R ORI & & 2 MR K LK 2 B3 % 728012 2014 4F 11 A KIS B IS
2EDI WAL A ¥ —FRE L GEBRBHZHB L. 260545 — WET A ¥ —) RS0t
T HHEKINEBNAT (SVO, 31.590°N, 130.601°E) & BAlfMl%E (KUR, 31.584°N, 130.702°E) % E ST
W5 (Fig.2). IhHORET A F—I3KFEHM (180°) B L UMM (0~47°) IZAF ¥ v ¥ L HRE
HI 50, L—F—bofH TNz ZnEnoT 45 —oi%B%iH» o mE KO Lo FHIZmT Twb
(Fig. 2). SVO £ KUR DT 4 ¥ =DM ZznEN13° & 15° TH5H. LT, SVO &L KURD T 15—
LEEAKOE COFMEE (Range) 3ZFNZFN58km & 42km TH 5. Fig. 313 SVO D F 4 ¥ — k& il x
ZRLTWA. F72, Fig 43 KURD T A ¥ =5 M5 L —HF =l |2 [0 20 > THIE ST 55K
OFEFZRLTWAS. SVOE KURDIFA =050 L —F—3RIEmHINHEO K IHEL ) ZhFh300m B
L100m EFO L ZANFHEEN TV A7, MET A ¥ — I THBOIKE (Fig. 4) OALE ekl
IKOFMT HIERELSL LMK D. BET A 7 — ORI E BB e 25 0 7 o TEH LT
WBHT V754 % —% v b7—2 (Asian Dust and aerosol lidar observation Network, AD-Net) ¥ 12 C v 51
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Sakurajima

Minamidake

Fig. 2 Locations of lidar instruments installed at SVO (yellow diamond) and KUR (purple dia-
mond) at the Sakurajima volcano. Lines indicate their lines of sight. The open white circle
indicates an underground observation tunnel by the Ministry of Land, Infrastructure, Trans-
port, and Tourism (ARI), in which an extension meter and a seismometer are installed.

Data
acquisition ur
f ’ Laser

o Telescape
transmitter

—

Fig. 3 Lidar instrument at SVO. (a) This unit has a laser transmitter and a telescope (left) and
data acquisition unit (right); (b) laser transmitter and telescope directed toward the Min-
amidake crater of Sakurajima volcano.

2022710718 18:45.05

Fig. 4 Laser beam is pointed above the Minamidake crater from the KUR lidar (white arrow).
This is taken from https://www.youtube.com/watch?v=HuBgUVqEjqg (Sakurajima Vol-
cano Live camera on the YouTube by Sakurajima Museum).
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Fig.5 Example of automatic lidar data processing results on the web by the National Institute for Envi-
ronmental Studies. The SVO lidar results are displayed for September 13, 2022. Graphs from top
to bottom show backscatter intensity at a wavelength of 532 nm (arbitrary units), depolarization
ratio at a wavelength of 532 nm (0-0.5), backscatter intensity at a wavelength of 1064 nm (arbi-
trary units), and azimuth and elevation angles of the telescope of the SVO lidar instrument.
Arrows indicate hourly-mean wind speed along the direction laser of the SVO lidar instrument.

2022-09-13, svo, Backscatter Intensity @ 532nm ) 1(A.U.)

Range (m)

12
Hour (JST)
2022-09-13, svo, Exintction Coefficient @ 532nm

Range (m)

12
Hour (JST)

Fig. 6 Backscatter intensity (top) and extinction coefficient (bottom) at a wavelength of 532 nm
obtained with the SVO lidar instrument. The time scale is the same as Fig. 5.

TwAIAF =Lk, T7aVVEHIHIA Y=Y 27200 Thb. WET A4 ¥ —13%E 532m
& 1064 nm O Nd:YAG L —H =79V 2% 1 BRI 20 S L TWaH. SV AH72) OMIIE30mI TH D,
TAX—=7TiE%Rv. 28, KORFBIERITEILXE TS 5720, MRS ICL - =2 s h a0
v, RAPo7a vV THFEl e ot ZEEEFETHELS N, £ L OMETFHGEE (photo-multi-
plier tube PMT, & 532nm) BLX I 7/NF ¥ = - 74 F ¥4 4+ —F (avalanche photodiode APD, % &
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1064 nm) [ZTHAISH, BRESICERSA, BB LTigEshs?. £ MEIA ¥ —3EE
532nmm DL —HF—REFELSETHIBLTBY, ZOMEHICETB X OO I 01O 5% 57 LG % [
ICHRATLESRLTW2Y. B, META V¥ —ZL—F—% 28H 405V R) GHEL T8 Bk T 2 &
WA 7 VI THEBINGEN S Twa, KBS A4 ¥ — o4 10 #c, HEES ikl eom T,
HEW AR AL 0~24km TH D, SLEEIN/T—FEIFA4 ¥ —HHPCEZBLUTA ¥ ¥ —% v MEHICT
[ V. BRBEMF SR T 12 5% S, AD-Net & [k i CTF — Z MHAHBI /TR CTWwb. ZLT, 7—%
PO R % web 7T 7 W CHES BB ZEIT O 4 M CHBERT 2 2 LW HETH 2 'Y, Fig. 5 &
Fig. 6 17— % ® HELIEE R O BT, RiEI1E 45RO % BELRE & 985 532 nm OREMHEE L L —
PO HHify L MFADKRT, HF IR 532 0m (BT 5 BT HEGRE L HBREOKRTH 5.

3. T E—ICEK B VE L H/INEX DR

Fig. 5 (3B B KINBIHT (SVO) D F 4 ¥ —I12X 5 202249 H 13 HAERT 0 B (HAREER) 205 24 KR
DI Y —RBELT 2 ERE LTHEKOT OG5 205K 532 nm (281 2 8ELEE (BE L —
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Fig. 7 (a) Backscatter intensity obtained with the SVO lidar instrument. (b) Amplitude spectrum
of seismic waves at ARI, and (c) the strain record of an extension meter at ARL (a) The
backscatter intensity and (b) amplitude spectrum are shown in dark blue, blue, green,
yellow, red, and red-brown as they increase, and their units are dimensionless.
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Fig. 8 Monthly average of extinction coefficients at a wavelength of 532 nm obtained with the SVO lidar
instrument in 2018 (top) . Monthly numbers of eruptions and explosions at the Sakurajima volcano
(bottom). Monthly amount of ash fall density at Kagoshima weather observatory, the monthly
number of confirmed ash fall days, and the estimated total amount of ash fall around Sakurajima
(bottom). Eruptions and explosions are not associated and associated with strong infrasound
caused by eruptions, respectively. Ash fall density and the number of ash fall days are rescaled by a
factor of )0.2 and 5, respectively. This figure was taken from the publication of Shimizu et al.
(2021) %,
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Fig. 9 Map showing the area of fallen volcanic ash of the 1914 Sakurajima Taisho eruption, as
reported by Omori (1916) ', and the lidar distribution of AD-Net.
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