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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.
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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
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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,
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ATy  FBHZETTFH - FUGHEOREZ N ESE5 2 L3 WEETHL. 7V LVOF— 5 [H{bid
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HATHY, WHHLAEON 2T A F—BHIEAFTH S, £ A= v —BINIBI O H T3 TR
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—JTIAF—BEZD L) ZRTEME Law L, KFEHMOEHRS BEEMIIEHELICHZ T %
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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.

23



N e
#ie LRSJ dmmmmy

P 5 Laser Radar Society of Japan L —Ht >3 %8s
e ————

L=t vy v 7East 48815 (2023)
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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.
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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
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= (- KH) ox] +Kioy? (4)
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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
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=(I-KH) P{(I -KH)" + KRK] (5)

24



e
#ie LRSJ dmmmmy

P 5 Laser Radar Society of Japan L —Ht >3 %8s
e ————

L=t vy v 7East 48815 (2023)

il
i

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

Tha. i ( HIWEEEET. $2, PRMEORELBNEOREO MMM 2w L UE L (2
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&% %, 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
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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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o — = 2N N
120€ 135€ 1506 120 135€ T50e
MODSS Opica Depth ZBMAY200
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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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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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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
oA 5 =BT — 7 12OV THIHHALEES S . ADM-Aeolus/ALADIN (Z A ¥ ¥ F 770 % 7 Mo

30



E

k2

L=t vy v 7East 48815 (2023)

TRHLVHIRB L L2 AL TBY, =7V —F AL TOFmICIfESHTS. 72, HARTD
WEBRIL—LY P FyT7I—F 45— (CDWL) OEBUCIT TIEFRLB & 255 ) 202, 20 %EB]
L 72wv. RATHROSE TEERRKOEBIN 7 — & DEBNICAR L TW b 720, ZOBIHIMEDTS
SNzHA, RATEREN L5224 287 MKk E . BREAROEEBIIIEEERS 15— 0%
HETHLEIATHY, RATHMILEN=—ZAWKEV2D, RAxz7aoVyVElillz AN ET L2548 X
DHEROBMEZBRTVOTIRRVES I 2. T2, JAXA IGBEEER L (B 213 Super Low Altitude
Test Satellite; SLATS) OEAHFAMIIKE C RIFTBY, SLATS HMEAND ¥ v 75— T 4 & —#iRkiz b ]
FDHTH. 20X BEENZEITL EIFoNs X )2 uE, 34HTHALZREERO X HI1Z, X
DEREELRRATT BV F— Y ALY EBTE LA ). Z0X IR ENKRATTa Vv rayy
N S ERER I A R SR A B TN TCONL HARKLZ EZH ) .

E

EnKF O — 22— NI =3 IR L OO QT B vk, BLELAmenn), SR 7oy vifie
TINOY—2a— FIFHPREEE L OUR/PT /RGN, BHARTRIET#R) »oRHE T LL J
A — M OBES A FIF W RE A (ENBREEERT) 252 R meHE L L.

5 RAER

1) J. M. Lewis, “Sasaki’s Pathway to Deterministic Data Assimilation,” in Data Assimilation for Atmospheric, Oceanic and
Hydrologic Applications, S. K. Park and L. Xu, ed. Springer, pp. 1-19 (2009).

2) 1. M. Navon, “Data Assimilation for Numerical Weather Prediction: A Review,” in Data Assimilation for Atmospheric, Oce-
anic and Hydrologic Applications, S. K. Park and L. Xu, ed. Springer, pp. 21-65 (2009).

3) 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, 2869-2884 (2008).

4) A. Benedetti, J.-J. Morcrette, O. Boucher, A. Dethof, R. J. Engelen, M. Fisher, H. Flentje, N. Huneeus, L. Jones, J. W. Kaiser,
S. Kinne, A. Mangold, M. Razinger, A. J. Simmons, and M. Suttie, “Aerosol analysis and forecast in the European Centre for
Medium-Range Weather Forecasts Integrated Forecast System: 2. Data assimilation,” J. Geophys. Res., 114, D13205 (2009).

5) T.T Sekiyama, T. Y. Tanaka, A. Shimizu, and T. Miyoshi, “Data assimilation of CALIPSO aerosol observations,” Atmos.
Chem. Phys., 10, 39-49 (2010).

6) IPCC (ed.), Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Cambridge University Press (2021).

7) D. M. Winker, H. H. Hunt, and M. J. McGill, “Initial performance assessment of CALIOP”, Geophys. Res. Lett., 34, L19803
(2007).

8) VNI, MEZ AHEE WAL, “WRABERSAXRS MGBRIAFyr—1lkbzT7a ) - ZO4ERE
W,” L=ty rail 1(2), 55-60 (2020).

9) T.T. Sekiyama, T. Y. Tanaka, T. Maki, and M. Mikami, “The Effects of Snow Cover and Soil Moisture on Asian Dust: II.
Emission Estimation by Lidar Data Assimilation,” SOLA, 7A, 40-43 (2011).

10) T. T. Sekiyama, T. Y. Tanaka, and T. Miyoshi, “A simulation study of the ensemble-based data assimilation of satellite-borne
lidar aerosol observations,” Geosci. Model Dev. Discuss., 5, 1877-1947 (2012).

11) T. Miyoshi and S. Yamane, “Local Ensemble Transform Kalman Filtering with an AGCM at a T159/L48 Resolution,” Mon.
Wea. Rev., 135, 3841-3861 (2007).

12) T.Y. Tanaka, K. Orito, T. T. Sekiyama, K. Shibata, M. Chiba, and H. Tanaka, “MASINGAR, a global tropospheric aerosol
chemical transport model coupled with MRI/JMA98 GCM: Model description,” Papers in Meteorology and Geophysics, 53,
119-138 (2003).

13) WP, AKRIEH, “KEUTRREBTFIE T VOTEFICOWT, " WERH, 84, 109-128 (2017)

14) AR, AR, JeEReT, Wil DA, BhLR, SEAREE AT RREBEN T E TV
BFsI—n Vs — g ALTEOEAIOWT, " HIERE, 89 (1), 1-15 (2022).

15) S. Yukimoto, H. Kawai, T. Koshiro, N. Oshima, K. Yoshida, S. Urakawa, H. Tsujino, M. Deushi, T. Tanaka, M. Hosaka, S.
Yabu, H. Yoshimura, E. Shindo, R. Mizuta, A. Obata, Y. Adachi, and M. Ishii, “The Meteorological Research Institute Earth
System Model version 2.0, MRI-ESM2.0: Description and basic evaluation of the physical component,” J. Meteor. Soc.
Japan, 97, 931-965 (2019).

16) T.T. Sekiyama, Y. Kurosaki, M. Kajino, M. Ishizuka, B. Buyantogtokh, J. Wu, and T. Maki, “Improvement in dust storm sim-
ulation by considering stone coverage effects for stony deserts in East Asia,” J. Geophys. Res., 128, €2022JD037295 (2023).

31



ge LRSI daamy

Pl g Laser Radar Society of Japan L —H 223 v otee
o ——————

V=W r v v ragk 4851 75 (2023)

17) Bk, “Er 7oV VG v ¥ 3 ¥ (EarthCARE)”, K&, 64, 59-61 (2017).

18) HitpiAd, ERT, APRIHAE, FHHEEZE, BEHEW, SETET, KEHE-—, SR, hEFE AR

KEB, fEBEIERS, RIAR], SHE— “EZ 70V VI v 3 ¥ [EathCARE],” HRY E— bty v ri

&5E 39 (3), 181-196 (2019).

VUSR], TRER, BEDF RIIKE, MASAl “BathCARE #EEWI 4 ¥ —F— s 2 Hwiz7av -

EHEE TNV TY) XA, HARY E— b vy v 7aeaik 39 (3), 215-224 (2019).

20) fiHEE KREAEZDL Ny TI—HTA ¥ —," KEALZEWTE, 40, 040A01 (2019).

21) FAHEE, WAES ARHIEE BTFH— BT, 4IIE, BEAsE SH%AA, Az, WP,
iR, VHEEAE, MRS, FAR] MY EREIER, Al EEERENy 7I7-AIA4 5 -0k
SIRIBI, " L= v v rEagk 1(2), 61-66 (2020).

=

19

E3[IT |

REITREINGET EERKREAEIZES FIEAT9EE. 1995 4F, KK FHEDLFER A, FASE
Wz B2 S R i AR AR A B LA R, 1996 4E, RAITICAIT. 4 SERORLT AT HE
DD, 2000 FITKRIFFEHT~EE). 2005-2006 4, KE RG5> % — (NCAR) (2.
2007 4F X O FAEMFRE. 2013 4F, HCGR R4 bt BLAE I 78 B Hh Bk Py B2 B 12 i (B2
DA R UG, 2015-2016 4F, BSHUKFRZIEHITIE L >~ ¥ — % B¥d%. [Tt 6 1 it
WIR TS, PREERYIRIEE OB 2. MR EMER S OMEY I 2L —Y 3
vEF—% k. I KL% — A% Thomas.

32



