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ABRTEHEONTZ AR EZEIZEBT 5 EENDOCOEE DB %X 1 12779 (Nakazawa et
o 1993), fLFREIA REICHBE SN TWDAKRIZH D 22 6, BIIEIZIZG 2R D
BN REENTLALE R, WThoEEZ kmf%cm%f@%&ﬁm%éﬁzﬁ
DRI G TWD, MZEHEZFIH L7ZB8IEZ 0 L 5 I —EO®FE O AT
& DRI - IR OB E L LTI fE#R RGN 0 IHrFlRmbd 5, M1 (DEE/E'J
FERIE., EEOCOREDHNT —& L LTIt cRbEMCOI- 2 EE R L 7
ST, ZOBRTHONTZYT T A0 6L, CHARONOZ E i D IR = 2) BRI
FERLCO, 7 EDRFLI LIS L COMITBET 502REDT =X 66N TE Y, b
FERIZHIT D 2D OIREZN R LURD FUHTR « WIR O E &R 722302 B 5 iR 23 5
53T % (Patraetal., 2016, Umezawa et al., 2014, Ishidoya et al., 2012, Ishijima et al., 2010,
Nakazawa et al., 1993) |
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(Tanakaetal., 1988) . & BT, 1980 IXITIEm AL ERIC D72 D EZ2DCOHRE %
BHA D720, AARMZEOH I ZHETHRE - F=—B X OME -7 v L PRETO
2R TN T EER L, o7y MIb T 2EOHB TR T L, |k
XN 36 1 D A& D COL R E D FERIE B 2 /8 LIFID CTOMIETH D | HHKim X
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FHAEICBW TS B85 D3 2 72V (Nakazawa et al., 1991),

FRE O EERE I A R L7 B8 19854 THE T L7e 2 & &2 T KRB AgERTIE A
AMize, BMIME S L CHEBIRR Y 7Y 73R (ASE) ZBI% L. 19934E(2 &
HEA—ANTZ UV TOrT o XA TEMZLIRENR T A DO Z B L7z (Matsueda
etal,2002) . M TJALBLHI] O4 THMOHNT Z OBHNIEFE LV kH — 3 F=—[#T
D7 TA F& LTSNz, Z OBLNIIEAE & 72 2CONTRAILY = 2 = 7 OBLHIKE
RLAbET, EZEOILEERN O PR E COMER 2 D N—FT 5CORET—F & L

iﬁﬁ%ﬁ@ﬁﬁf%é(ﬂm(Mmmaam2m30:h%@%ﬂﬁ%iﬁ%ﬁ#
DOFEFNCE B L TWAIED, T TR ZFIH L72CORE Of 2Bl 0 7= D&
BRRAET — 2 E L THIAKFAH SN TWD (Bl 21X, Crevoisier et al., 2009, Saito et al.,
2017) . JALBLHICTIZCH,— Lk FE (CO) OO b EMINTEY | 19974FIZE
T RBE o V=== g [ZEI AV RV T TORMRKED L T F NV ERZD T
RRED L. BV OISR R R FIEENC L 5 KRBk BT H2HEERKR L o T D
(Matsueda et al., 1999),
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2. AAR=F—ZKZ U THOKFHE L2 TBU S U7/ D COL i BE DA H)

20004FARIC A D ESZERBEMFIEHT & ML LSS TH 5V v L 3t RJAL T 1 ¥
=7 MTMb Y, REMZERICHEET 2720 0CoE G EEE (CME) #Bi% L=,
20054 & U IHJALBLI 2 8 ROk R LT H AHIZE DN EMT T~ D W28 1Tt RAYASE &
CME% ## L 72CONTRAILY & ¥ = 7 b X 2 8LH23BA A S F17-(Machida et al., 2008),
CME|Z BN D AEReE Tl L CCONREZBIMN TE D72, T OEZHHE LIZJAL
O EBEHR AT ZE I X DB X > THRA DO EZ2ICB T 5COBEDT — XX NE TIZ



ARTHELIMZ D Z Ll o7z, X3 ICCMETELI S L7z pl 2212351 5 CO I
PNE AT OB AR 2R T, T OKITCO R E OBLIIE A & LB 2 B Y By 7o e
ENOELNTEY . KO BRIINHT TORVEEABLOFERL, HFEOR LARRRO
T D 5L 2 S T T ARTR BE D KDY BTG £ TR R HRA STV DR BN
R I 3R C & % (Umezawa et al., 2018),
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BoORKEBIT 22 ENHREIC/2 D, X4 1ZCONTRAILOASEF 72 1IMSE (FHi KA
TV TR ERIHALCTHARE RN O ERITT DM ZE R CEM & 7Co,.
CHy, NoOB L OANIBLHIE (SFe) IEEIZHOWT, KBTS — & 2> TE R 5
DR MBI ZELRIE A DB L CRERINCE L D72 DO TH H(Sawa et al., 2015), ZiLH4
R ETIZBWT, X4 OBRRE T/REIND EExHE o Z A L TR TR
S D AR OZFHIA B LAE, IRIELICHEIC R > T Z &35, CME
T — X DRATIZ X > T, FEBAEE D COHR I DWW TIXE FIT BT 5 @il O xti 4
RKEDOWMANEGHEBZKT 5 ELDRFRTHDL Z Enbh->TE D (Sawa et al.,
2008), Z DEIEA T ERAEE DO CH,y, N,OF K ONSFi E O i 88 AR 2B E) L T
HEMIRINTND,
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HEROCHIIA T L EFITEWVIRENBR S, AFTIIALBERORELY, HFX
TYUT OHRKBROBEROEELZZ T TCNDHEEZLNTWSD (Niwaetal, 2014)
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2. 2. 2. KKK

SHRE IR N TA Y E, ERMBAo—IbRE, RIWKFEFH L W o lo At Y UHiER
%%ﬂ%%m%ﬁmfﬁmb NDREFERPAERRRITER B L JTT, Y a2 FEinr e
THFTXTH L FOWINC LD HAEFARAE Y ZIC X VB ENEZ D Z LI3R<mb
NTWDIEN, EYOREICHLBETEWEELHEX D, 24V i3, KAOET
B HW9.6 p mAFITIZTRVIRINAT 2 S D72 DIEFEHRICEI D KEICH KEREBL 5 2
%, IPCCH 5 Wi ETIx, xR A Y o oI X 2 sl 17120.4 Wim2 & HEE &
NTEY, ZbRFE, BOARIZZT oYL AZ ATRWVTREN, TV RENLH
AR Z WAL ER R ~ AR BT, BRI I A # % BED LHEE STV D
B O T vy ik, BT v RO R DA I LR ORI T G E D,
Rz =7 ey o d, ZBEES—IbER, 7T UoE =T ROk e REREA
B 75 & O ROSPERAE R KRR TR P ROG & 2§ W CAR SV BIECHBBE. A
W7 EORFTh D, TNHRKAFDORIETER LIZ2RTT 1 Y /LiE, PM2.5O K
DEED, NMRIZEDVFETH L LT, KL EELT 2 2 L IC KD EERLER
FEREE 72D Z LI X DB RICL > TRBEICHORESEBLTNWDL EEZBND,
BEx 2 KEEMETlzcBn Ay v 7a Yy i, AARB L OARE#IC LY k&I
B STk x IR D AR SN D EESC, FEACHEKR EOKLE T ot AN
Bt - JLE K OGEME)EE 2B CIRESMICG 2 2B RE . ZOBHRBICOVWTOR
RIIREAR T ThH D, EBRICXZY, Ao T7a e AR - MEICED
DHER IRV OPREDORELRBENAREIC 2> TETWHR, —7ZWn L/ T
B DITRRIC IR R A TR T RIEREEL Z L IXNEETH D, Fio AT
BNbDYE— MUy ZTRBRI R ERE o b3, BT et X 0 RfFIC+
YIRS EE COBLNIHIR CIXREETH 5, FITK LHTZEMBLEICIX, RIRAICEE ~ 72
JBIEE % £ 22 BRI DU THL EBLANE 2 S SR EE T OMRE S MAENR ARETH D Z &,
BLORITEE ST RORESMICONWTOFEREHEDL Z LN TE D, —EHOMAEHEEH
EXEOT—HNTEBL T, AV s 2T r Y B I OEND OFIERRRD K 2T
—HZ0nb, LT TRBRRD LAY VOAER - HREE L 22 AhT 2{brmik, B
KA Y v - =T\ VA OREICEE R AR T 2 AR Lo TE T,
T, MZERENE AN THEEBIERPL TITO ZEICKVEET — X ORAEEITV,
BRT —FBMAGOE b EERER L RS> TE TS, LLFTIE, ZNETIE
HARDWFGEE N E > T T TEIERBI 7 e P =7 N EZRIZ LD ON TR
[ZDWT, BARIY 2B & 20 T4 %,

)77~ 0= )V AR — )L COMZEBIR 70 =7 b
19904ERIZ, 7' — VIR 2 — )V T OXHRIE A > & il & 97 % R 2 SR

L7z, 7 AU H (NASA, NCAR, NOAA7Z: K) °d—uw v /iOit7E#%E] (DLR, Max-
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Planck Institute7 &) % HUIZ KB OMIZERE A W2 BLNGHE 7' 0 & = 7 3 FEfi S Tz,
YL, AV v - =27y B LOENS ORIBRKAEO K « RIS - fkEftz 7 o —
PNIUBERPORTRDTZDODT—ZNE LI RELTEY, A5O3 EIX, FRHIH
TiE, EDOL D RBEDEZ > TV D DN &< Dhro TOZRVVIREE TOERKAY 22 F7 AT
LW MR EZFF > TV 5D, FFIZNASADGlobal Tropospheric Experiment (GTE)Z 35U NT
HFZ K T 7Y A LW AT, PRTEFECT OB 2 5\ Beb T3 M L 72 e Lk
C@?éo_@mﬁ%ib®%:\ﬁ~ﬁ$7v7@i\ﬁﬁﬁf®%ﬁ&ﬁﬁ%

lﬁﬁb‘ B & IR ETBSRARL =7 1 L O KO B IRMIEK & 72 > TV D, FIDERE T,
ZOHIRO M ORELZ T ERILP TOF Y R T v Y L LURIRRE O 554K
EFZACIC OV TOREDRMEPELN, TORO Z ORI L7 1 — b R
LT HOWTOIFEZAT 5 ETHELREMAIMR L o7, BADWEZ V—TH Zh
LGTEHED T n Y =7 MIZML, HELRMZ T 5 kI, TORBRIT, BADHZE
BB % B i D L Db D ET 5 ETIFFITEILSDE D Th o7,

H A B O RKBOSMERABE O ZZRBIN & LT, A/ 7 e v =27 M, X
DRVEREDNOATOITE M, 1990F MR IS L THRICHIF L A LR
MO T U7~ A w7 =7 2 £ R e LT, R E TIZRWEE Toll
Wray=r MPNER, FITSNTe, BARTIE, WFEHBENRA T D KB A Z2 8
MIRNTZ, REER 7 ey =7 NOFATITTI LV ZEOBHEET 5, £7o. #izemk
BLAZ ) S D720, 1) BUSERRZR 825~ 5 72 O BE T 5 Z O Ry O [FIRE
HEZrRELET D, @ﬁ@m BRI R MERER H Y | 3)EmEBE (100-
200 m/s) § HMIZERE | CH oy e 22 fERE THIE T 2 720 m W IR fREE R © B 48k
WEEINICRRE S 2 72 D/MIIT . ATH 36 L OBER SRR OIRENCMT 2 5 B2 R D
FTMENEITED DN EEL T T LZeME b OWWEEENMLETH D, I HIT, #l
BRI ANE 2 T o, SREORAT - BREFF B LB Z D7D DR,
B TOWRBESCY L2 EOMRERLMHATH D, Hl2IE, % il OBIBLE

(Biomass Burning and Lightning Experiment) 7' 2 ¥ =7 MZEBWTIL, 2EH £ 0 O (i
IR IS, JAXA/EORCIE U K%, [HNESOE LA FEHEE . M2 oEH 217 - 72
FAYXYEY F2T - 2ARASH R EOmMD TEDALIZE > T, ERLEfF 2
FIEBRAC & @K EEORNE S 2 IR - Bl L. MlaEmomd - SBiEa T,
FRBHHRED A PRI TRA—A R T U 7 TORITIF AR E DLW L
EELE TIZE L OMEE IR T D20 EN b - T,

AASME O7 D7 ~ 7 m—7VHEO OSSR OMUZEREBLI & L TIE, KRA5ERT
\Z & % International Strato/Tropospheric Air Chemistry (INSTAC)”' = ¥ = 7 | 3 X UFPacific
Atmospheric Chemistry Experiment (PACE)7' 2 ¥ = 7 hZWiR & 9%, INSTAC CiL3H],
PACE TIETIRID ¥ ¢ > N— BT DAL, FERFFED LW TA Y o2 T v v
ORI A FhE L, Z OHUIB O %2 72 22 58RI B 1T 2 RUE PRI R FrEEZ B 6202 L
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[Tsutsumi et al., 200372 ], TD I A, T E TA VY VHTBRGAREE SR TR 4 v
DIERILE B 2 BN T E BRI 2, A A~ ZRBEDSRE AT 72 0 B2 7RI
I CHIBERER T a VO EE R AL 1D T LR ST, BlAIE 19944,
1997 F DT v =—=3 O, #ZFED®ZNY (9-10H) ([TRKBUELRASA A~ ZRBER A
REALT7 CTRE AV FEDIRWEE T Y VR KE<SBRLEZ ERBHI S TV
[Fujiwara et al., 1999, 2003; Kita et al., 2000; Kitada et al., 2001], 1997435 J ON19984F |2 S i
SN7ZPACE-58 L O'PACE-6IZB W TiX, A—A T U T h U~ B TORBH
BTV, NA T~ ARBEOREE B Z TGP ToL Y VIRESASCTT v Y U
AEH LN Lz, U~ Z 2 TONA F~ AREEC X D IEF IRV hazefg ¢, A4
VU HIBRSR D — I b IR R R BRI bIRE N S o> 72, hazefg DAY REITH
R CIIAI80ppb & FIRIE Th o 72ny, Wi FHEsx it Bl Tidf20ppb S IKIBETH Y |
KGR T A Y AT AR I Y =7 vy VRE R ETOHEKOEENRKENTZD
& # z2 57z [Tsutsumi et al.,1999],

ZIX[RIRFH > 1998-20004F (2, Biomass Burning and Lightning Experiment (BIBLE) i 73
JAXA/EORCIZ & 0 FEfi =7z, Z AT EFEAY 1T 1ZIGBP/IGAC International Global
Atmospheric Chemistry@%?ﬁ@ﬂ%ﬂ%h@qj“ﬂipo T 5405, BIBLEEFHIXGulfstream 11
(G-IDLZEME I L 2 EEEI, A2 - o ERIFEN, BETTAMEN SR> T D,
ﬁ%?‘/?’\dtiﬁﬁ—% FZ U TR\, BHINCIZRTER D K 51231 A~ ZABRBED
BT BRI A Y UL ER L ZEOZ T a Y ARKHEN D,
NS T AR B O ETEENC K 0 R i CEREBEI LR L, A S HNANE
2% LHEE SN D, BIBLE-AB,CO3EIDMTZEREBLIIF v o~ — 28 A A~ ZPRSE
RBERBIZEIVRET LAY VRHIBFRAESCZ T B Yy LV OEB IO OREEZ T 258
PTOFY R - HEREHEE L, EME - RIEARE e 222N T 572
I i S iz,

BIBLEBHORITRE Z KR LIz, ZO7ey=7 FTEHELNUZEEIL, 2[00
Journal of Geophysical Research (JGR)®Dspecial sectionlZ#B# S5 72 &, %< O LITE
EOLNTEY, UTEANA T4 MarT,

< 19984FIZ Sl S AU7BIBLE-ATIX, A/ BT v o ¥—U 4 U &FHLTA
VRUETRIT L, BIHEIMIE Y =— =% Tho7e7odOA > RRX VT TIENA 4~
ARBEIRIER Tho72IC bbb o3, A4 v X7 kAE3HLINIZEE L7z EEsti
B D Z2 5 TOERIRIEPINOX(= NO + NO2)XRILKTFE 72 & OIRA o id B A TR I
FLJR D 22 BRI BRI F o T B*L@ﬁ%f;xa‘vwﬁb 1331 A~ RRBE7R &
FeDORATR OB L 21T 12225 % i 8 s L [Kita et al., 2002]. £7-FHIC LV %

T & B K X 5 [Koike et al., 2002], — 5 £ COXRIEE) CIXEIGE 2355 < |
A OFIRERE MRV KR Z B2~ RA BT D &0 SRR %EE E2 R 72 LT
WABZERNALMN ST, TVl N — NG, A2 R T o dbiEA4— X
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N7 U 72k S e BRI T A Y IR A X 1.8 ppby/day D FECHINT S L HEE S
N=(X2), Z OfERITIALTER v 7 AT NI L DHEE & —Bd 5 [Kita et al., 2002; Ko
et al., 2002],

« 19994FE 1T FEHi S #7U7-BIBLE-B¥ ¥ o X— o Tld, A TBEEEAIC, 18, R—
FELVAE—ZRALTH =T 4 VETRIT L7, BMIMIZALEA—X N Z ) 7 0%
TE LT @RIEDOFE T CHE LR & O FRED =012, /A A~ ZRBED S O
A5y D B ek i~ Ol 5 1 3 5R < Hl ST e, A A~ RRBER IR O & Rk
MOIE I IFESENICE E Y | —FB(kRHE & OFRE b EHRBIY D60%I132-3 H LI
ZHEIE O FLMEEAE I K 0 Kb T e & HEE S 472 [Takegawa et al., 2003a], L2>L, 7
A F~ ARBED BB 5 1 1228 5 h TlE, AV v & —BR LR FEIEE ORISR 51k
A=A NZ VT NO@EINDIA Y OIEMT Z v~ 7 21303 Gmol Os/day & #E7E S i1/
[Takegawa et al., 2003b],

« 20004F 12 M S #7172 BIBLE-C¥ ¥ > 2— o Tld, DX — 17 ¢ 230 THELIFR
1Ta%E L, IR TR TOEE TORBRY 72 E B K 2 NOXAE R OB B & 72
7. EEE11.5-14 km TH K 1000 pptv DONOx % & A T2 22578, KA 47— )L 620 x 140 km
EWVOIBEICEBESNIZZ ERRWERICIER > TR, ZTORBEOL X SRS
oo F-M EOFBRSC AN LA ZOTDE L OTRMM/LISO EHH & Ok n D, E7 7
vy ¥ ablo b Giids L OVEMBEOYYE) | 3.1-35x1025 ONOG F A AR L T\ %
L R Y b iv7z[Koike et al., 2007],

2) T PTITBT D RKIGYRIAOM BN T n P =7 |k
EFEOHEZIF L0 L4 5HRETORFESOSE RIS, 7 V7 BT
RRDOFA Y o7 v )VOFIBEREOKER L 2> TE TS, OB TORHD
BT TG RRAOREEEIC LY . BRI TOMEEA F 2% FRPM2.5IC
K OMEHYN MBS 722 —T5, AR T — L TOXRE A o O E~D
FhH L HERER O EE . KR COREMBEDOER L5 B2 LT
W5, Ll EEd o P E O ROSBRECRERRII A I TVD LITE
2P, EERMBEMAEHA TE -, £I2 T, ZOHIRICESZ K- 2 HMZeHeii 7o 2 =
7 EDMTOI /T DT Bl S ARSI O KRB FRRF ORI, £ 2 TiEZ
DACFERIS & A Y KR T 1 Y VDAL, AV ORI AR D IRy A & ' T LD
Iz X 5 b5 - ISR OMGEF MThI TV D
H R R QA B 52 [ B I RIE 52 AL S MU JE (IGAC/APARE) O — By & L CIEINLBRBE
W7e & DM 7 v — 712 KD 199547 5 1998412 1> 1 T 32 & 4172 Perturbation of East
Asian Continental Air Mass to Pacific Oceanic Troposphere (PEACAMPOT)#&IH 7' &2 = 7 k
X, BRI - RS - AR B2 TOMERBIRI 2 PO L Le, TEXEE OIS &
DILFRFTE S & O T EFHERILFRBHITH 5, EEEICDLDMERBIIICEZ T, 7V7
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KEEDGVFE BICHE SN TEAY v, =7 oy &b ORIBREIR T DT A |
ALK FHA DR EE /34T E L O & ORISR IS DUV T ORI L AME 5 4172 [Hatakeyama et
al., 1995fth],

Pacific Exploration of Asian Continental Emission (PEACE) Bl 72 v =27 NI, 77
HRDOAY > =7 vy vl L O ORRAO KL - ik - LIS K 2 ALK L
T DT R U M T B 2 RIS 5 72 JAXA/EORC & HURUR 758 il
L7200 . IGBP/IGACDOITCT# A7 (Intercontinental Transport and Chemical Transformation )
D—E L LT, 200207 27 7 b KRS HT TORBEERE S EA R4 %
(PEACE-A)E X VEZF(PEACE-B)YD2[E D F ¥ X —2 b L CEI N, BHFIL,
NOAAIZ XV KEFEHFI COBM 7 2 = 7 MTCT-2K2 & [F# L CTfTbii, LLFIC
ZDERMRKEZET 5,

* PEACE-A,B¥ & O"TRACE-PHLZEREBLIN 7 — # Z LI AN v 7 A7 )V & WA K
WPEETOF Y N EFE L, AT U7 KEHEOERBBIEWIZ X0 TR
B TOA Y OIERAEREN SV, BEILADRIERLT DI ERICET
% (K3) &, FRAERINZAY »OREB BBRITEHRIA~FHE SN TND Z &N
7R EHU7z [Kondo et al., 2004],

» REEEIEROG R ORI K OWEES . fiti 2> b Rk e[ & & 75 it ds & OVR
{LRFHRELL D BHEE T 5 2 & T, PEACE-ABLHT — % ) B AZRITE R E AN Z ik S
DG REMTIC R T 2 ERMBICDEORERE L LT Lz (1¥4) . NOx Dtk
FHEMITL2 £ 04 A LR, KENTEE IR L L CTREINDERED T 500 RIE S
NDEEBIT, Y R E AT D BRI O RKTIRE S 2 RET 5 ETHH
PFoE<ICBT 27 - MEEENEEREFZ R L TWD I & DR I L7z [Takegawa
et al., 2004],

« PEACE-BELINIT — % 2 . FBEFICHT U7 b S 7215 Y28 K03 R S
no7mtRe LT, PEFERHBOFIRE COMEMNEIICL D L hmxs . Z0
RTRREF IS L THET 42 EZ2ED Y = v FRIRIC & » THRMICRBERmE I TV D
Z & &M 57T L7z [Oshima et al., 2004],

- RER 3 W ITHEE T /L GEOS-CHEM Z W T, 7 ¥ 7 IR D5 Y A3 K [H 0 i 3%
FY N2 B AE R Bk L, ITCT 2K2/PEACE-BHIMIZ 1%, Ll % E 72 PAN
A T L CTERBIE 2 T 28BN A Y S AERICR B FH L TWD Z N
RENTZ, £z, Bk SNGRKANEFTE IRV A TN D BICKIBICHRSND Z
LT, KETOMRASY VIRE~OEBEIMAOLNTND EWNW) ZERbnosT
[Hudman et al., 2004],

b, ZHETIATONTE LAY & Z ORISR Z b & 5 BUSE KUK DAL 22
BB X 2 R OB 2R LT & 7o, MUZEREBLINC K0 26 ORI R EE O IRy
MRG0 2 & T, MBI B KO N L —0— L 72 2 T A & OFBMITOR v
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I AET VIR EOTIEIZ L - T, SRR i & ﬁ@%j’m A WEROEKRD A A
R L FDMEE AT 2BB[MBICD OIS, BREBRESHEMR EVRHEE SN, S HICHE
W~ — NV ET N EDHRIZED A R T B Y VG ~DRBEOREN) « E
B2 B~ L FE DN TN L,

20164F4-6 H IZIXINASA D i [E & 4 [F TDC-8#% % V7= KORUS-AQ#L M| % F (2w [E E
ZECEM LTz, £/, 2018347101, RAVHIZEFEHEE ¥ —DLR)E T L —RA K
ML &R KA YO RKALF A% 5 H#HALO (High Altitude and Long Range
Research Aircraft)z N, BEZX—RX L L7z7 U7 £ EH(EMeRGe-Asia) % 3t L
AAREZELBR L, 20X, 7T VT KROS5 RCKAFFEE O B0
HEDLAEE > TODHIRIICH D

B &
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2. 2. 3. =7uJ)u

T 0 Y VLK & BGEL - U D 2 IS X D KRR DI I B A K
T O(EEMR) . T r Y VBRSO E UTERT 25 TKE - KED
AR E AL I D 2 L THRATINCAC R B A KE T (H#ER) . REEDE (b
FIREPO A F~ A, IR OBRBEIC LV AT D=7 1 Y /LD KB4 LRI EIFH0.05
~1umfEE TCRQHFIAFET 5. ZORREBEO =T 0 VVIZKREIBIEREAEL, £
KB (TR ER) OBEL - MINhENE <, S LICBEEROBIIKRE hEH%
T L, HEE - BESRICIOIKEEELERT S L CTHICEETHD. AHITIH,
FICZ ORIBRFPFH O T 0 ) WNZDONWT, EEE - MR E AT DM E AR O JE
FIHEOBRERES, TOREHELZTRA LM E - fizessiillx v o X— TEoh -8
BRI R A RRA T 5. 72720, BB RICHEERE T 23583224 F CRE LB
L8, REITIE, =7 a Y LOMYEREZ O b O OB, BRI T 5
72 PSRN T 5.

1) K[REGIRFEFA L L 2o T2

[EMFEAT CIX, iR BB 2B L, RRAHP o7 7y /Lo -—hi 1
PR OWER - (L FREE BRI DWW T OREM AR BRI hE A T&E 7z, ZHET,
AXTavT 4 EZEIZEBT DIHEYRBELZILDO A V0 TR0F DJEL TONA A~ ZRBEH
feox7 vy ki O#H (MILAGRO) , 7 AU LTI BT 551 A~ A REEH
KR OB (BBOP) , W7 VT IZBIT HIHERELRSLETT v Y/ UV EAEH OB
(AFORCE2013) , i COHT R 7 v Yy VRISOBH 2 B9 & L 7= 83
(ChATMEx), AbfiR CoOXEEEHEMIZE T 5 KX (PAMARCMIP2018) # HIy & L
Tz B v =L, =7 oY VB OB EMESH 21T - TE 7.
ITNENDOF ¥ o RX—=2T, NHGEFRTT Y VO A TV ik, /A 4~ AREEH
koxTay ok, ELTa Y VOMAEER, BRNDOEHKTT 1Y VO,
e co=T v VEBOEMBICHOWTHEELIT-> TE T,

N&RJET T v Y VBT 5 T, KRETHR CRAE L miREGRERF O T
7L, JBCFIC S S DRI & DAk A Te REUEERSIZ K0 e« Wl RetE 23
AL L T WA Lz, A DN o 2225 b o9k 1%, FAER
FHE TR SN b OIS, TOREHNMOWEIZ L > THE SN S Z &£ & (Adachi
and Buseck, 2008) , F7-Z DN ETIZIEY, KV HRATIEERINT B ARFEIZ /2 -
TV Z & BRI X 0 ITHH S T L7z (X1, Adachi et al., 2010).

T, AT OTICBTLE8MTIE, HYRERB & IERESIT C, TR oo
R X DWBEDPAIFEDIZ) CREL DT L ZHA L7,

WA F v ARBERRk= T v Yy X, ABER=T 7Y L 8 ZERSEERKHPISHEL,
ZORBERBIIRE V. BEFLFEOEN RIS N7 ey e, AT THRE N
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TG A BT T B VT, K2 DR T OMBLRRENR KR E B D
eI TND. FRIT, AN I~ ZRBEHSREA &5 2 50T 5 I D A B
7 r Y (Z—AR—/) 1%, EOKBSREIICEHF G T 5 REER R STV 523,
EENRZ L TIFE A PHEHBI TR, Fox MBI LY, RAEBZOMES
THEY —AR—TIFE AV EFELRVDR, ZOH—HOAKET T o/ LN KREMIMIC X
STHMEZ EF TS Z &Ik, ¥—R— B RAERT DA D= LEHRR LT
(Adachi and Buseck, 2011; Sedlacek et al., 2018; [X12). F£7=. HirF¥E 22 OFENClX, ARAK
MOFELT-AKE=T a0 BN ZIRAER LTS Z ERB 6 E o7 (Freney et al.,
2018) .

AR BT HEP TR, BIREO B ORERIE D, CIRAEREEICHEES NS Z
&Viof%®%@%é@ﬁwaw<_&%%%Lt(mmmam2m1mu).i
72, WAKEZOEFTCERENT-=7 0y LT, HENE ORISR S, Eh
LT Y IIVORISIZ K o T B OB RS DMEE S LTV 5D 2 &#mwéht

ZOXHE, =Ta YRt EETEMETBNT I LICLY, AT UaT
ECIRHIEARATRE e, FEMIZRE R RIROBHM MR 2S5 HENTE, =7 a Yy Lo
PR BRI D LR FE 2 AE WIS BRE T 2 Z L3 FRE L T2 D . ;@iom,“%ﬁﬁ%
DRBIY > 7T — T2 IR U CRBH A B4R LB 5 kIS ZecoREm
Ty VT et 2O EBRL TE 7.

Soot

Organic
matter

Ipm

ML A 2T o BT S B2, A% >3 FETERIES RS
wEINT IR O =R bES T e ZIE e 4 — T — ST

7 4 B (Adachi et al., 2010). (Fig. 1 in Adachi and Buseck 2011).
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(2) il BRFENFL & e o 7298

KRRTT v Yy v OWIRFEIL, HHGEL « W R O RHRE ~DRFMZ 3R T 572
DIZHERARINRTA—=ZThD. £, EEMZE (CONTEM) X, MESROBE
RCEETHLIIET TR, =7y VOREREDZ TS I EXET LT AL
LCTEETHY, BEHRICKEAREELZRKIFTREATT a VIV OSE A6 b
EIWREZEMFET L ECHLMETH D, Him - EBRAICIE, BRMEIXCONTEMZHET 5
KFTHDZERNDNoTND, iR ME & CONIENM: O BB OBINAfRIIL, Zhitkt
MLl T7ay VOEZKTHERZEEST 5 ECTHEHETHD.

LHHBRFTIIINET, KKTT7 2 Y VOB O, F7-, FoHEHE
KRLEEEREEZE (CON) 1&ME & OBMROMHZ B E L, M E - o772 v b7 4 — A
ZRIHLCTRIEY > 7 ABLIBBE 54 (HTDMA) (2 X 2 Wi pl & ORIE 217 -
T&7z. TUTKERFEOESOZRHR L 72 5 BZEO M FIRICB T 288 &,
T a Yy VERRE L VEE AR I B T 28T, & bicmBiEtE T —Igo
W IBAE Sy A TR S b Z L 2 5202 Lz (Mochida et al., 2010; 2011)  ([X13) .
ZIH DO TIE, ERILOREE DFEWITHIS L7 BRI MO R OE DB EER L TV 5.
—J, HAROHH «- TEMTHIERBIOL ERICBIT 2 KEABMIC XY, =it s
XX IO WR S A>T v Y L O %E 57~ (Mochida et al., 2008;
Kawana et al., 2014) . B OBBRBITE CTIL, (b2 O E & Wit R] ok o R
R DRI OB & HEE L, £, ZRAWTT v Y VRS ORREIZ L D, SRR
PERL -7 & PR 7 R M 2 FFORL T ~DOEE 2 RE Lo, 201Eh, ENOHFMIRE
RGN, EWERIFAEEY ORBERENEBE X 5N T7 v Y ORI OV TIFE %
#H T35 (Kawana et al., 2017) .

TR« PEE ALK RIS BT 2BIFE TIE, KR=7 17 Y L OWIR A EE & CONIEME
O RIFFAE 21TV, IR R E % b & ICKohler® SIEMEALRI R 2B H L, FEHME &
L7, HEEME S ERMEIEIBMRR N —HE2 R L, WBREEOFIICEVELNDIEHR
D, CONTEMEZ LSHEETE D Z L &2R L. AHBROETRR 2515 L U= B
JECIX TN oA Fx, W AR FE BN 3Bl U 7R 1 DOTE AL R R O HEEAE & SEHIE %t
L, WRAEE N DCONTEE A HEE T 2 FIEOZY LMD, £z, =7 r /L
DOWRREE DA 2 ZE L= B R— VBT LOHEEZITV, RIRMEDIRVRL T E
R ORHRE « AERICHBLS FES LA Z 2L (K4 . ZhBHORIX, E4
ROBRLERAL A R T =7 v Y VKL OEE 2 BT 5 T, WM A O % LA E H
ThodILrEMTTND.

RRZT7 v Y L OPIRMICE L TIE, (b & ORRROMI b EERBRE L LK
ENTWD. EBAERICHELS FH5THMNRTOEERSD S B, WHEEE - ERE ORI
PEIIBEICAEIl S TR0, 72 EEKS Th 2 HHYOWREOIEIEN RO LD, 4
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HERRFONIEZ V—7"TlE, BAROHE T « FHBLOKRK T 1 Y VORI R -
CONIEME AL FHL DRIE 21TV, £ DT —ZIZEDW T HEY ORI T A —2 D
EHICE Y #LA TV D (Kawana et al., 2016; Ogawa et al., 2017; Deng et al., 2018) . K%A
B 7 o Loy DWRARME ST A — 2 OWEITEEICEE D 2703, T OEBOFRELCHE
KT B S Ty, ROV MERE, ZhbDMIICHFLET LD Lk
D15,

ZOXHICAEREN - BHORENRTT 0 L OFERN T 5 WM O FRAR T 7
DOHLHMN, KV EHFORKTT vy NV ORRMEOREMT T T v Y L ORI
AT DAL DR L, =7 v Y IV OKERBEOHIFICE W THETH Y 2035, H
F - A OB OB TITER S L W RO E FHRIN TN D, ZOMRIZIT
WLZErE s AV RRBOIM Y MANERIZEEZEZ LND N, I CHZEKEFIHT 5
WA FE D ERE (HIDMADOIE A 25 te) A ERONOOH H—T7, BURTIEH
DENZR T 2B MAIEZ Ly, HTDMADFELZ & & T Ze 8RN L 7= Wi pl =
FEFHREE 2 B - i L, AAFREOMZERBIN A AR - #HET L2 T2TrY LD
RIS EHIRT 2 Z LR EEND.

03-06 LT, 5 Apr. 2008 03-06 LT, 10 Apr. 2008

(a) (b)
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g‘g ‘q q
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0' T . l Y'Y l’""""""r""]"’m - v T ! TTTY"YY I"’ V"""ll“'l'"'m
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&
§ © 0.4
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: Roz
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08 T T T T T TTTT YT I T T T T T T T Y
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Dry mobility diameter d, 4, (nm)

3. WERIC BT 5 KA T B Y L ORI H. Mochida et al. (2010) 1 ¥
American Geophysical Union (AGU) OFFiD & & ZHR#H (Copyright 2010 AGU) .
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Updraft velocity v (m s'1)

4. 4t RIZEB T HRKT T v Y L OWIREEEORIEMEICES LS, EXN—kLET L
DOFERR. L5 g TR EE 2K 3. Kawana et al. (2014) XY American Geophysical
Union (AGU)D#FiE D b & 12ekE (Copyright 2014 AGU) .

(3) HIERENH L E Te o T2 HF5

Sk (=7 m YL - E) KBS OMBEAERZRET S, HERE - Wik
B BELA RO O b, WIURENT, ERACHT B EAICH#ETH DS L, in-
situBLifll T & HATHY 22 R EE D S %@Ubjc PRI F1Z X 2 I & & 2 DR B
FHOMINE, KRG FHRERICBIT 2EENORERNO 1 2L LTEIALTND

(94 HDHWET T v 27 B —7R > (Black Carbon: BC)I%, A% E L < =AW
T 2728, Sk L0, KM 112 & 5%%&ﬂ2%a:i@aﬁ@f£%5%%0i7n
YT L. BCIE, KRMWICET 2 EERSLIERI P OYERIN, FKE~DILHEIC
DT NN RHRREIZEY, CODWITHRNRBEIRGI 1% o LR ENTWDEN, £
DOHEEDOHIHE L 72> TWDZERSAR « FAEESHKHRPGHHEOBFE « > I 2L — 3 UIZ
IRKRSR L U CARREEME K& W (Bond et al., 2013) . BCEHA KD IEWRINGI R, 1)
BCHE &, 2) hopksy & DIRAINEE, 3) BCOBERIMITRICHMALEFET S, ZFix, b
O ERFEDO BRI R LE L 72 5.

FOLRFTIZ I ET, BCIT K D KEEAST I & & B g ) 2 BRAg 3 5 72

Z2[W 53 A & SR h 3 % 3§ D BC D BR 45 i@%ﬁ/ﬁﬂ%ﬁx%ﬁﬁﬁ%ﬁ L, KRBT S

ZOEREEBBRLZHEMT L2 LICHBRL T (K5) . , &% OBCH H LT
D _FFL3D O BRI &[RRI 2D el Eﬁ@ﬂﬁ“ét&b@l/ P —FH ik A BE(Laser-
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Induced Incandescence: LINE)DBHFE #1T > C& 7=, LINEIL, {4 ORL1 % @58 o iR
N L —TF— b — A& R S, E— A TR0 5 B S5 8L & 2R 3 % [
FFICHIE L, TORYENDBCEHEAK T OMBEEME2EH+T 580D THD (Moteki
and Kondo 2010) . & 5H{Z, LINEIC X W BCE RFFICEEk A E&ET D HIELAE LT
(Yoshida et al. 2016), Fkx %, H7 ¥ 7 EkCdbfiaik 2212 CTLIE &8 2 $5dk U 72 i 22
BZITV, LT 400K R =157,

(i) HkZ2RI & T HEYRERDOTA P2 72 K B2 CHtZe s L,
BC OO K DB ED, WBESHEY O “RAROETE L HICREL 2D
b, 20T EAREDL BWORHTEZ 200 Z8HICHG L. 20
BT — 21X, 70— ETIUIEIT DBCOBKMEN SLEKE~DEHRDRT X X
UEB—a SRS, BCOZERMA & ARG D Y I 2 L—3 3 ORI
TNLTHILTWD (Goto etal. 2012) .

(i) i iiic & 0 BRE 26 B Bt it B ~Sn ek S h o 222 2 5Bl L,
TR BV TRIKRIEE D K & RBCH ARLF NMELINTIRMERE 22T, 2R
D/NE7RBCEHARLA1E E AT B AR s S D 2 & RGN R L7z (Moteki
etal. 2012) . ZDOZLITXY, =7 0 Y L OEEEATNERREE DR A T DK
WERIKR - & U CCONTEMENEE TH 5 &0 9 R EiiE S L7z,

(i) 7 7SI igklz 38T, BCE &R E O E 554 O FHBLI 7 — & %
v, ERNSO KT T VEEOBCHIE AR D FFERMEIC O W T ORIET — # & 9] THft
L7z (IPCCHSR A FITFLHE) .

(iv) BMESEBIZIC X, KRB OBCEho =T v v Vs ki 1N TIRA T 5
JEREIX, BCOJE W IZHBCHR N HE L-b D (WEFE) &, BCK2IEBCKL 1D
KEIAF L2 b0 ((FERRE) Zafshsd. BCOXRINBRIZIZDOFBETKE
KEpDH720, BCIZEDNWNEOERE - SHHEOLDITITERKIPITENTINHD
FBREOTFAELEZINET D 2 ERLETH D, HAIILINE TBCE AR+ OB IE & )
FEIHE 2 mnd H 2 B B3NS0 2 BN 2 9160 TR L (Moteki etal. 2014) , Bl
ERHRT U7 EER L, ERRUTE T D IH 2 JEREOFE L OB 9IS Tk
LTz,

(v) *iEEHICIBIT 5 AL RIEBREERORRINERREZ WO THL ML, /T
CT T 72 < & BBCOARRE L OEEIREN S DH Z L AFE M L. (Moteki et al.
2017)

(vi) TNFETREAPF THBNREZ O ANBRFETT vy ud, REETZT v v
(BCET7 7D —HRUBC) DI LB LN TEN, NAEIEEE{LE23BC & [
FEDRZIMNEE 72 53 2 & & FLH L 7= (Moteki et al. 2017),

ZOE I, HLUWRIETEOBREIC X 0BCLBLELIC X 2 eI % B3 2 5
PR DGR 2B T — 2 Z BUSG T 2 FENFREIC R o 7o 7D, REMRL 712 X 5 eI
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e ZDORTFHFG 2T 72Oy, BZEiIiZ K2 WY v — ¥ v BT
DrENEZz NS>OH 5.

MOERFE(LEETOGAICEYERM)

E E'Erg: < *Moteki and Kondo 2007
grﬂ ﬁﬁ — BCﬁl { *Moteki and Kondo 2010
*Moteki and Kondo 2011
*Oshima et al. 2012 _ ¢ ’ *
*Moteki et al. 2012 BERE »

L *Moteki et al. 2007
%q&ui’ E@ﬁﬁlﬁﬂﬁﬂf] ,\gg _ﬁgﬁ@_ *Moteki and Kondo 2008

*Moteki et al. 2014

T @ @ FECHLS (BRI, MM, etc)

KRB
C (H{HEKTY) HEEHE {Motekietal 20102

m= ntik

AV %7 3 B—-HFE Hitit

X 5. BCIZ XD EWNE « RO LA B =X AL 2 E TOMFZERRE

(4)ALHEE KDl & 7e o T2 iF9E

RRTT v VR OFED IR & FRRICFEER D THDITH 20D o6T ., T0E
KR CToH 2WEE - B2 EARERO L 5 e BARBAET) D O AR AR R, T0
MBEAL PR OBRIIMO TR+ Th D, ZNOLEXIEMICET LV TREL THITLHZ
ElE, KRR 7 a Vi RICB T EE T —~D—D2>Thbd, HEMEEHLAED
(VOCs) DOFRILEIGEIZ X 0 AR SN D “IRAHKTT 1L (SOA) (IHMEE R %
BT HZ e oKEEAEKT T v Yy L EEBEICER LTS, £ ABRERE TR
0. OMEE - B BARRER D S EEEA SN D A b REE e E im0 KBRS £ < B
EZEZDLNTVD, THDRFIZERE T DK OKZAR) TEBEMICAFEIET 2 KRGS
BV BRERHL LAY & ORRRTI R IFAE OIS IREE 72 E1X, B K EERESIT S
7 E L ORI O - MBI . DR AR & L BRI BR T D,

JEHEE R Tl MEPE - B EARRRICB T 2 AT 7 a0 VL ORI & AbEkk, ARk
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ANZALEWLNIT DI EEAME L, KBRS S 28I - Ex 75
v N7 — A& LB 21T > CTE T,

PEERAL KPR IS BT D E NG AT 7 1 VL ORI 2 BUAIRFZE Tk, F L
SN DOAEF b b—t— &R R R RIS KOG E ST ORIEIC L 5 EE b5
B« FEMT FIE ARSI L CE e, RO EBMEST S22 LT, WMIERKTT 7Y ViRFEEE
(25 5‘(@@%@1’”5(1%%@%@%5%&%% ZHRAED Z IR L 72 (Miyazaki et al.,
2010a), EEEREEZIC %5¢6ﬁ&mmuT®%mﬁ%Ei WZBIL T, MM TR S
hif@@%ﬁ@@ﬁ’%of EHERH SN AEYOTERXENTHD EEZZ BN
T& 7z, ZHIUTHK L, KROEBRMEECWIEIE, eI E 7 & & §IE 3 2 EE 2 K1 C
HOLERDAEYPICZLEEN, ZOFEFRAEWIL. TNETRBIINTE 2
FERE D BERM SN EBAEWEROIEKREER S THDZ E2RA LT
(Miyazaki et al., 2011), & O IZUINRL - FICITHHFER B I kT 2 KA D O
FHORABEICRKENWZ 2PN (M6) ( RETT v Y )L OREME - itk %
AL S H KBELZORARBZ PO TR Lz, ZOXRESIIRFHICFEL, KK
HAbF G & OFE THPERR AT L 2 KA B O A G FE 2 $278 L 72 (Miyazaki et al.,
2010b; 2014), & HIZHRAEMIEEANEFAL T 5 F P8 O VAL RS - T B ki
BWT, WIRIRIC & o THEAD & REA~BATT 2 AW O BB LTz, £ Ofk
Fo WEKFEEEARK T 7 VR TIIEM PSR IN0T W E T BERG Y
F0 I WEIHRAED DR E L S FELTWD Z & 2% R L 72 (Miyazaki
et al,, 2018), T HDHFFETIX, =RICET VFICHIT HMWE L TERT 26T =
SIVDIEREIRNT A Z Y B — 3 T i%%@ﬁmm7wwmftifiﬁ< 1K
P OMAEY DO FE - AR - IEBE BT 2 LB LR L TV D

— 07 KEEVERTERIR OB &2 X 0 2RI AR BREE 2 & T BRI O AR A e <
THHEMRENE <. D2 ONOXIBENEWEMET (B VGG MEZER OB L Z T 5
M2 &) TOWIASOALE LA SOAE B RIKICKE K FhHT 5 AlRetE AN BN EREN S
REENTWD, ZblE FEARKROFHRTT 0 VL OEMBERELZ LN T D720
ENOHFHIRICBIT A REEAERZ T ey VOB T e AL TET, 207k
NCHEMETT 1V ZIRAE R RIS T DA R 75O & &b & E OFEIRGE, fE
AREFEAHTT 1YL (FFlla-E % OmmREBICAERY) AR OTRIRERFNE, 155
KREDFANZ X DRI « SOAERRDIEET: & & FERZMEN O LT L TE
(Miyazaki et al., 2012a; 2012b; 2014b; Jung et al., 2013; Mochizuki et al., 2015), 722> T /K&
PEEIRFE (WSOC) DRERBRMMIA, HAERKOZT v VAKKFEDOHEH
LD L xR L, MARFEVOCSEOHT PV « A v & ORIGT & D IR A1
TT7a Y VAERRIREORER E b iT-o C&E 2, BRI L 22T oy VgttEo L5
RNGRITERND, A4V TV UBLAERY 72 & ZIREHT T 1 VAR D K X 22 B
BRI/ > TS (K7) ZE2BHNOHLNCT LR EOBERGELNTZ, &5
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2, WIRFERICEB D THRIRAHEE 2 B i S G, =7 v /L OCCNRE Z Bl 3
% Al HEME A2 #)6D Tor L7z (Miiller et al., 2017), 2 0D AR 13 2€ 1448 0D AR PR A A 23 ok oD A= R
ZREIRA 7 — LTI L, =7 v U X D RKOBH RIS L TROEE (ET7 L
RROWA) 2T EEREBELTVD,

VEARCEREI I AR - HAREIRE IS T v Y VAERICELS 5T 2 2 H#31{b
WRT =T E, RICHEROBHERENKREL . ZMARKIEMEE W HI A S
BT, THHHEEEOT, NAREWEICLDEMRELED BRI 0
NDERRRT Y MEmWNEER bILD, MZE#Z o=z 37 | ToFMSHE A —
TR NVEESITFHC L DA T A U Hr o IR LR EEIC L D AT T A e
SR 0 WEE - B EARER TARM S LD AR K OMERY) & oRAREBL =T
o VE KR - IR - BEEAE & O BN SHE OIS IIFES ., BAREA
7 vy VORI BN E~OEBMNEEN D,

(a) MBA . (b) LBA
10 { 1 EC

5 nssS0, 5 ns-.:.so;
3] ©
o g i
o w Sea salt
$ Soa salt 3
® o]
2 s

A!l'l b $ll|o 2 3 l")ll' 1 3 ‘,".'10

Aerodynamic Diameter Aerodynamic Diameter
D, (um) D, (um)

6. HIER P ERAL AR B TR R ABALIC KV Bl S kiR s o= T r Y
VAR DB, WA PET — % WEREO 7 nu 7 4 v q REEICHESE | MER
BISEMDOEBEN@QKENT —F L bYNSWT—HI|ZX 5, Miyazaki et al. (2010) XV
American Geophysical Union (AGU) OFF#ED b & IZ#E#, (Copyright 2010 AGU) .
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(7. BEFEOHFMKICBIT 2 KEEGERAKE =T 7Y L (WSON) KO V7L Uk
A RkW  (2-methyltetrols) (Z£K) . a-E % A% (Pinic acid, 3-MBTCA) (£5[X])
O B BRI OBIE, Z OBBRIFI TIIWSON IZEEFRTT 1/ /L D20-40% % i,
IHY 22 GHRARFIZA Y T L - 0-ER ORISIZ L D4R (AR VOCs + A%
JRN 12X % SOA Apk) Z7/RIER L CU 5, Miyazaki et al. (2014b)D X & 27T,
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2. 2. 4. =7uJN-E- -RBAKHEEEH

T u Y VTERREE LT 2, o7 u Y VEE E O SINT R EE O BN
EHlER T, ZOMR, BEKERFRILTHLEONRZENER, (o TEDT LR (X
WER) BNEL D, ERIBEIENNEE D RO DO TR ERL DR IBRITHE L,
EORE (o THFMEL) RSEELZE(LIHE, HEROT VX REE(LIEDH, KfE
BB D BUFR SR v OFESIREEE (IPCC ARS 2013) TiE, =7 1 YL EZEDMH
HAERNC X 58 20 il ) O R EME O (—0.06 ~—1.33 W m-2) 23, &FFEOHFR
B FEH I OFR TR RKE W & T2 ORMEEMEDIENAERT O HARBEE (IPCC,
Mumm)@W%ﬁ%ﬁ&ﬁ&ﬁ(—m~wﬂBWma)f%é;&wménto:@
ZEFE=T R YV EEOHMBEEAOERLN, KARE L THETHLZ LERLTND,
F I A WS FHE TR, BRI < BRSNS (T A RHER) REHEiS L TWieo

WXL, S IRHEETIZZ v — LR 5IRO EH Ll U CREER D+ 0 I B W ED
JE (EDREIRLEBELE M EOFEBE, adjustment) ZE 7 TEZh) B i )
MR STV D, ZHUIRYRFHEFIETHDL B LN, =T Y MLV E
IbT 2MEREEEKESCERDEE GO EORE I RIT, BRI @ < Hd i 1 L
DH AN =R L LYV TOEMNIDTENTEY . 2 ORMEICIE K & 72 RHeE M
Hb, T NVOKESCHEME (mixed-phase clouds) ~DFED ARffe &M
KE~OHELD H I k%wo;h%@m?m/W’ﬂﬁéﬁpﬁﬁimﬁ,“%
Bk &7 EOEALIE, BEVAT AOBPNIEREENMt (KRROZEESSTHE - £ Eo
KAELRERE) L7 a Yy VEOMHIMEIZIS U TR Z ENDNoTETWD, o
TENENDOSEME (LY—Lh) TEORFBMLETH D,
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TE-BKRKVATLANEREND 2D, =7V )V EEOHEERLZRSDREHIC
S U THFE L TS E DR H 5,

AARTIEZINET, =7 Y L—2E « BK— B OMZEEBIMZEILE & LTS
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L[REMFGEHT OWFGE 7V — T 1L19804F A0 & BB OB 21T > TX 7=, Th
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HE - RS 7o, 1980FEARITIT THERKDOMIZE)  (1986~1990 4FfE) D —BR & L
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(2008) . A-FORCE 2009, 2013W, 2013S i ZZ&#lHI72 & T, =7 v Y L OREKIZ L DR
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OEZEN TH S - BRI E & N THEMODISO3. 7umT ¥ > RV B4 571
WA > CRA SN ZRERE X, RIS —HLTWnarZ enbhrolz (M7) .
CHIFATHEEBHORGEE L CHZEE» S OBEEBRHNA2ITH DL Z L E2Rd 75,
WZes B e N TEEBROm 2> Tz 7 u Yy L —E « BKOHZHZY, &
BEETNVEHBEORIEPTZDZ R EEZRTHEDTH D,

55



® East Asia (this study) ® US continent (GOMACCS)
® Indian Ocean (INDOEX' O US continent (ICARTT)
X NE Atlantic (ACE-2) ® US marine (MASE)
X Tropical Pacific (PASE) o US marine (DYCOMS-II)
X SE Pacific (VOCALS) o US marine (CARMA)
—— parcel model
B R IR E R 2L nanss
10008:- =
sE ]
(?A 4 g
E - 4
o
S 2_ 4
L]
pd
1008_—' ]
sE .
4: " ]
AALLL A A lllllll A ' lllllll A A
4 6 2 2 46 s 2 4 6 - 2 4
10 10 10
-3
Ney (em7)

5. A-FORCE-2009(Z3 W\ C g « Mo g CEBIHI S - =R EGRE CEYEREIREE)
a7 u Y OVHRE (E£10nmbL |) 2 RS HOBH &g U2, 2RORRIX
FRFEE100ecm s () 210em s’ (FHl) OB/ S—v LEF L ERER,

ZFHNOREMICHENTRE SSTIZ&LYANc/ANah® 1 611K

2000

EoTolS - (A
I7RJNLOD
EhEES

@

HOLRA

@

fELrSST

EHROREHLIBRED
I70YVILEWE(Na + ANa)

P

0k

Ao (=)
8

HE S
z7aJiLo
KHEEY

(ANc/ANaX)

@

HALRR

o 05 220 o 200 w5

Posets Tempaatiore (X) ‘L\SST

Arode i)
z
3

6. AFNLEFTORENS OITEFHEIZ L D2EMHE~DOLE, &WIREO A&
T a Y VOREEE | BROWRE H LIC XS B EToRGE FEOMEZEEOK T,
B O ERERE 2RI R ST TWD, =7 1 Y VEIRE OB x5 Bk B
FEO¥EINEIS (ANc/ANa) 1%, SSTANEWWVEM ETEW, 0 KIS R A 722 S SST A
Eo~x vl (EEHSGE, BE, ShEHEAEKE) L7 kERHE (EX
BIEE) O FICEEL TWDLAREEEZRL TV 5D,

56



4C‘.o'-y'ov0'wo-'v~vov

- E
— p 4
£ » 1
o 300} ‘ .
o ’ 4
2 |
L -] b y
$ 200 ’
.“ 3 ] -
V_‘ ’
h 2
5 100+ .
t"‘: o lena|
= [ * Aua ]

3

N ST YT
0 100 200 200 &00

In Sty measurement Nc(om )

7. A-FORCE-2013S(Z35\F B #LZekkns & O8I & . MODIS A T A7 A 5 D F=k:
B L OHEEE O ik, MODISOBR T — 213, PEHFR ERT) LKREER
(JAXA) f2ft,

2 PN

Adhikari, M., Y. Ishizaka, H. Minda, R. Kazaoka, J. B. Jensen, J. L. Gras, and T. Nakajima,
Vertical distribution of cloud condensation nuclei concentrations and their effect on
microphysical properties of clouds over the sea near the southwest islands of Japan, J.
Geophys. Res., 110, D10203, doi:10.1029/2004JD004758, 2005.

Koike, M., Y.Kondo, K. Kita, N. Takegawa, Y.Masui, Y. Miyazaki, M. W.Ko, A. J. Weinheimer,
F. Flocke, R. J. Weber, D. C. Thornton, G. W. Sachse, S. A. Vay, D. R. Blake, D. G.
Streets, F. L. Eisele, S. T. Sandholm, H. B. Singh, and R. W. Talbot, Export of
anthropogenic reactive nitrogen and sulfur compounds from the East Asia region in spring,
J. Geophys. Res., 108(D20), 8789, doi:10.1029/2002JD003284, 2003.

Koike, M., N. Takegawa, N. Moteki, Y. Kondo, H. Nakamura, K. Kita, H. Matsui, N. Oshima,
M. Kajino, and T. Y. Nakajima, Measurements of Regional-Scale Aerosol Impacts on
Cloud Microphysics over the East China Sea: Possible Influences of Warm Sea Surface
Temperature over the Kuroshio Ocean Current, J. Geophys. Res., 117, D17205,
doi:10.1029/2011JD017324, 2012.

TR EIE A, 2015 ¢ HLZEARIC K D INBLH, TATRERN « BeSOPSEoRniift) (B L1
M, REERSCHE, AR fW), RARWEGE/ — b, 231,299-307.

57



Matsui, H., Y. Kondo, N. Moteki, N. Takegawa, L. K. Sahu, Y. Zhao, H. E. Fuelberg, W. R.
Sessions,
G. Diskin, D. R. Blake, A. Wisthaler, and M. Koike, Seasonal variation of the transport of black
carbon aerosol from the Asian continent to the Arctic during the ARCTAS aircraft
campaign, J. Geophys. Res., 116, D05202, doi:10.1029/2010JD015067, 2011.
Moteki, N., Y. Kondo, N. Oshima, N. Takegawa, M. Koike, K. Kita, H. Matsui, and M. Kajino,
Size dependence of wet removal of black carbon aerosols during transport from the
boundary layer to the free troposphere, Geophys. Res. Lett., 39, L13802,
doi:10.1029/2012GL052034, 2012.
Murakami, M., Y. Yamada, T. Matsuo, K. Iwanami, J.D. Marwitz and G. Gordon, 2003: The
precipitation process in convective cells embedded in deep snow bands over the Sea of
Japan. J. Meteor. Soc. Japan, 81, 515-531.
I EIEFE, 2005a @ FEFEOHZEEBLH —FORVEZEDT ¥ 7P —, KR40
FERTEAN A EE 4 8 75 [ A AVERE T E DR & N L o rTRE I BT 5 0F
g1, 101-108.
Ff FIEFE, 20050 @ 2 ORETZEORRK () EHEE~2 ORESEORK (F) HHE— iR
EEEME 2 OEEEDORIK (F) M —, JIRWTEFTEINRET 4 8 5 [ H AR
EEORAKHENE & N LIRS O TR B 20158 , 152-161.
K EIEFEIE>, 2005¢ « HLZEHEIC K DIRGTE M OF IR E O R @R OBIH, [TX V%
k) GHRIER, A LIEFE, IEEEEZ W), K[RHE — b, 208, 53-64.
Ff EIEFEIE A, 2005d « MIZEHEIT K 2 R A& SRR S #0525 0 PR A s L,
(A xbuiR) GEIRIER, A BIERE, s ), KJRU%E 7 — b, 208,
53-64.

I EIEFEIZ>, 2005e : HLZEHEIC K D AARHEAR — T — 1 —OPNEREEBLIN, T2 Y iR )
(HIRFIERE, & BiERE, Iifkiis fW), JRWIE/ — b, 208, 53-64.

F RIEFEIZ A3, 2005 : HERTATRRICAE O BEAKEOMLZERBIN & BUEEER, TX Y 3R]
(HIRFIER, M EIERE, ke fW), [RIE — b, 208, 53-64.
Murakami, M., N. Orikasa, M. Hoshimoto, K. Kusunoki, M. Seki, and A. Ikeda, 2007: Recent
Japanese activities in weather modification research, 9th WMO Scientific Conference on

Weather Modification, WMP-No.44.

b EIEREIZA, 2015 : MUZERBIC L DNy 7 7T v R=T a Yy v - B - EREHE, TA
TR - BT EoRaiit] (B LIEME, BEECSCHE, ARIES W), KR/
— b, 231,290-298.

Oshima, N., Y. Kondo, N. Moteki, N. Takegawa, M. Koike, K. Kita, H. Matsui, M. Kajino, H.
Nakamura, J. S. Jung, and Y. J. Kim, Wet removal of black carbon in Asian outflow:
Aerosol Radiative Forcing in East Asia (A-FORCE) aircraft campaign, J. Geophys. Res.,
doi:10.1029/2011JD016552, 2012.

Oshima, N., M. Koike, Y.Kondo, H. Nakamura, N. Moteki, H. Matsui, N. Takegawa, and K. Kita,

Vertical transport mechanisms of black carbon over East Asia in spring during the A-

58



FORCE aircraft campaign, J. Geophys. Res. Atmos., 118, 13,175-13,198,
doi:10.1002/2013JD020262, 2013.

Tajiri et al., A Novel diabatic-expansion-type cloud simulation chamber, J. Meteor. Soc. Japan,
91, 687-704, 2013.

59



2. 2. 5. £EPEW - A 1)
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Simulator (CReSS: Tsuboki 2008) Z W\ Ty I o L— a3y () s L., Bl
TRERFZNC I 1 2 HE R AP A IR O N 242 E L C, RATRIE AR Lz, BIE, 4
TR RFHEOKIEERE v Z— Tk, ZOBRORO FELBE - B LT, BHAMHE
Wik AExG e LIcmADY I ab—va VEREZER L TWD, ZOHIEEROMER %
RN 5 2 & T, BEBRORAERITHEA RR/EBER 2 RBITHRFTTE L L1k -T
W5,
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(3) PHKFELEICI T DM zers il

2002 FFE D 2010 FETNT T, PEEEGE KD /ST A E o v — )L 22 i 4 H il &
LC, WBPERFIERR AR ORI E — T — 2 U — X2 K 0 T8 X 7= 2 sl 28 320 <
iz, Mt B L—& L OFRMIREIEE 7 /v & OB E A 2BV T, ez H
WTC e YU FBETT) 28T, BRXFHNEE Z MR T DK AT LDON
SO VE Lo R B EBOHEME B LD TH D,

2002 - 12 A & 2004 4 3 AIZiE, VEEEHIERBESER [A 60 oS 8HlEFRHmL, v
— X E LI D O RICE ST Ra y 7Y U T OR T RERET S LICX
0. AYVRT—=)VOREKY AT NEDOR[EEGSRKEKIE R ENOKELTE#H % & 5
252 &AL, BUIRREIY . BEBDICHEAELTZEANY FELORKESE S %
2, BEET v EDRENDZ OWEZ I 522 L7z (Ushiyama etal. 2006), F£7-, 1&
WIBE I DE L — & L ENLBRIEMETTO T A ¥ — %2 FRFICHEEL, 72V —7 7
A NEBRTZ T4 FTORRDI v avzilhiz, WROBEREERERE Fa vy
VUTRETT A REEEEOBFRICEY, ATERMSEBREZITS Z LT L
STebOO, HINCT —2 2R T5Z LR TE, ZORRIZESWHNT, Z20%, R
0y Y U TRIROBIEZITO 2L ko,

2005 6 HICiE, NI AHREICHESINTE Ny 77— —FEERHL, L —%
POHORRICED Ry Yy U F e Em L, Bl —%oFR{kA 2327 b (Moteki
et al.2007) CALHET D BEAK AT A DO (Moteki et al. 2008) 2 B & 2 L7,

2008 4F 6 H & 2010 = 6 HIZlE, RROFAMMEZ x5 & U T 28I 2 50 L 7=,
RERZEMEG IERF J)E T /L Nonhydrostatic ICosahedral Atmospheric Model (NICAM: Satoh et al.

2008) IZ L AMEY TN H A LTHREREBHE LT T T4 VT T U OEREEZITST2DN,
B ATREHAE N L < BRI N OB E e = 23D 72 o T Toh | BV AU 2 B
THZ LI TE o, ZHHOEMITIX, BV RAE & 13872 5 ME % b Ok
LR, NL LB AT L JEIDS OB Z Ehii L, BUEE TV & D Z1T > 72,

I HOMZEBI O ERMIZ LY | MAOZEEIZBIT ADEED N RY TR0,
BEOMZEERERICET=ND7 T4 VT T D%, BGICHUG LI RITRIEDE T
HED)UNTEERBTDLIENTE R, k. BdRE L TH L L BT DK AT
LRER AR R E LTz Ny 7Y T BIRIOERITIX, ZNb0 ) 7Ny PR
RNARTdH D,

(4) AR Bk

BEUE, 7V T EMRSOHE - KUK E R EROAG, MEICHER L HEEZ KT
THRBARO—2>THY, WEITIIFBEERLEF G M EBT AR ORIEE %
L= BRMNSIEIET D, 2015 4E 9 HiTiE, 2 DO B EICTEE ) Mkt 7 KR K DIRAIC L Y
BISR - BULHL G TR AL, FHICKERMUEEZE Lz, — ., HERERE(LIZ AR
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2013 4RI 7 4 U B RS 7B T1330 (Haiyan) O X 9 72 A—/S—H AR5 % B A
ERET D AREMESER STV D, 2O X R R0, BRI X D8R 22 g 2 6
BE, BT 27202, BREOEHRZRTRIERNAEETHY . 200 Th @k E O G R
BT RPVLETH S,

BEEROTHEE X, REFH AT LAOEEICEVELEECH ELTWDS
(A 2013) . LarL, A4 HOBEFHEINZF->TLTH, 3 B THIT 1000 km F2E
DR (R —EIRSMOMEEICHY) NAECTLE S PTHIOELWERBFET D,
ZOX %, BRMERO TRIFRZEOR A BIE L. Sl BlNE & X 20 R E S
AU TV % (Yamaguchi et al. 2009), S @HIE X, Bl 70> 2T A% o 72 B fRATIC
LT, PHEIKE R RIZ2 RO OB ZE Y H L, £ OmEE CEPAICBII 21T
IEMITHY, WO TR AT L E LTIRESINL TV
PERDOREZEME T > AT 20%, BT — % FEACEE TRl —FFH & v 5 0 BLE
ba—VHHPAE TR —FHDOT AT A THD, —FH, WIROKE TR AT 5 (W
MARR TR AT 5 (K 4, 4H 2007) TiE, BH» 52 —FFR Iz 50RO
TRIZMZ T, 1) 2—FRRET 2 RKQBGICK L TRE R PRIREL b 72 6 3 HHK
(FUREREIR & PRS2 HEE U, 2) e Ja B8 R PN CAR B A L 2 48 R BRI A 4T WO (e i L3R & I
5. 3) EOFIIHONTBHT —F ZFH U CHERME T AT 5, B EIC

BUBHT — 2 %27 —ZFAICEMLTHAT 2 Z &2 X 0, L0 &ERED TR
EWifTozenTcE s (IMS) .

B ARG e U REBHNEDO A Z AT 572912, T-PARC (THORPEX Pacific
Asian Regional Campaign, Nakazawa et al. 2010, H75% 2013) & FEEAL 5 H AR08 38 L 7= [F S
FFEETE O & &, 2008 FIIMIZEMEIC K 2 B B OB T i, MZEHENI <55
NEEBERELO Ray 7y 0o Ry v —42 (A, KR, KEK 2 EO BT —4)
ZRIA L CHERER T EIT 7256, T— 22 Lo iniha & TP HaaE
2520~ 40 % R T D FFIDNMEE LT, o, THREOHEADOES VX, AT
L7 — A RMETIEIZ L » TR D Z & 5343752V (Yamashita et al. 2010), HTZEEEIH T — ¥
ZRRBICIERT 57201203, BUE TR 2T LB & OFBB R EENREETH L 2
EBHBNE RS T,

T-PARC IZB W T, BRDKEBHEDO MU LHB TE I bDOD, L2+ 072FEH
ZREOTVDIRTII R, REBHEIC X 2 R OBE Tl > AT 2O A% Kk
T 27O, BREMHT FIEICBE T 5 R L | B2 5B ORBAE RN NLIET
%50it\%%@%%ﬁ%k%@x—ﬁ~ﬁ@@HK%@@%TV?%Em@L@K
i 2. BROEKICIZ T, BROBECEKELR & O THIEELYSGET 5720 OHIN
AT D ELERBEOMETH D,
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DARMBRRTFH AT L

PEER
" i N EET IR
n i —— T8
F sk < s—rorim| B | mEERO =21

MEORE Sy oaE oW WE
HERERA | | PRREWRR| 21—V K&

4 RMRT WM AT L, WIFHRKGE TR 2T L OBEEMERE 2007),

4.5, EEMENTHRE R & Z SIS T DD 7 T4 N7 OBI(G&EIEH, 2008), ¥
%2007 27 H 12 HOOUTC OHEE 4 5 (BB IE T IR M) % %G &R %
ITOTRERT, BERNLVEEREN EE2RLTWD, REAIIMETT A4 V7T
ERET DBRICHRE LTS DBEE R A hTh D, BEAN Ny Y T 0
TALEZ T, S AT AR S CEER GBI O E B R A2 KT,
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2. 2. 6. EHEWR - HFA (2)
(1) iIZroic

Kmfi$$%ﬁ&AH%ﬂ%kbka%ﬁm_omf®ﬁ NEAT O RETH LM,
ATlE] DR 483 TRUR L 72 S T B O ME RN AR 2 8580 2 8L (Moteki et al. 2005, Maeda
et al. 2007) ZFRWTIL, BARTIEZ MEFZER] (b LUXTHEET LIKEHER) %
K& LT ZE BN L I 0 S TRV, O —F T, 20164F 1 0 BRAs S 4u7- SCEE
FAR TR BB RIIIES TZEW & &EZ 726 T /RO TR - #U)%H) - E
WP HIREE O BT (WF7ERERE « BEARTIAL R RFZER) | OFNT, aR%
KIS & LT 2Bl 25201 74 L 20184 R ICE i ST\ b, £ 2T, ARHEICldd B A xt
Gl LTz Bl O FE IZH72 0 . BIREN ED L D 2 ¥ SR O TRl R - 7o
OPHEFLIRT HZ & T, SHOBIRGEONE - EilCET 2EROEEZITVTZ0,

WE2SFEM THROERE PRIOREITFL2HHEINTWVDL OO, RO MRE T
BEAFEEIN TN ERRINTNDS (102016, K1) , FRE THIOFRZENHE S
AR WERR & LT, BUEE T VOGO R BB B O SR EIEFE O BN 44 T
Zeilbiz, AROPLKIELEEENT L FE/SENELETOND, BE B
JEL D 58 B 1L F R L RS R ORIV E R E D34 LD RAR T v 7% (Dvolak 1975, 1984,
AL 1990) (ZXVHEESIND D, FRCHRVBERIZOWTOT—Z R RELTWND I &
bHD, RENPKELSRSTWD, Z0d, BROKEIIRT —2 L5 XAKNNT
v 7 DEWIZONT S, KEE BARTEHRMIBE (10571 O K KEH 254 m/sPL ) D
WCREREEENSEC DR EOBENHTWD (X2) . 20X ) s EEE T3k
ZAT 9 T2 OIZ, RNR ORI 20 #i Bh & FAEAFZESIC L D | Tropical cyclone-Pacific Asian
Research Campaign for Improvement of Intensity estimations/forecasts (T-PARCII) & 4 ffiF
DAL DMLZEREBII A 20164 LV SHEFBE CTEMT HZ & Lo, AKETIH, ZDT-
PARCIIZ & ¥ = 7 MZEIT 2B FE i £ TR & BRI R o T Ok Riz> 0
TR 1T 9,

(2) MZErsii oI £ <

T-PARCIHD S Y] DOFHE TlE, ¥ A ¥EY R=T7H— 2t (BLF, DAS) ORAET D
B O Y = v MikE#Gulfstream-11 (LLF, G-I [X3) ZHWT, BEOH.LELT R e
I UTRERT L, G KIE. mEE, %F(%E)\mﬁ\mﬁwﬁﬁé%—
ZEABIZ & 0 EBfGEIEE T VIRV AT Z LIck Y, REOMEOSEEL BT &0
5%@Tbot(mno\it\E@%ﬂ%ﬁ%k%ﬂﬁﬁf@%@%ﬂ%%éﬂfn
DREBTIREDCH Ry 77— L —FOBAIFHANT Fe v 7Y U FBIRIZITV, Ry
7T —HES D B B RO HLL EGE 2 HE E 7 % ground-based velocity track display (GBVTD)
% (Lee et al. 1999, Shimada et al. 2016) DL FFE S LTV,
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X4 FEVERE R D L — X L fiZERE e
VT L B A R T R BB O R
X, BOMIZ, HFL—FD Ny 7T —
T D PRI PH(150 km F 7213250 km) &
T, ROBITIRFZEPED S BEOJE D
AT D RATRERS (52) &L FHIIEF
2y YT ORI () 2R

ZOBRBETHREPHBENMLELEZ LN TWEERIILLTOEY Th D,

@ DASE DREBLH DA r ¥ 2 — )L DYGE

R ZE ML 2 S M 2 BRI I, EERICBINRIT 247 5 Rl Ofthls . HIRZ fefR L T
SBICHBERADBRET D, BROBESLHRSNOBELO ARNDRHEETH D120, N
AR 2t g & L= (Moteki et al. 2005, Maeda et al. 2007) & #7220 | BEAZ x4 L
LB TIE T OBKOMMEEZITTo TEL ZLFEROENORETH D, ZDd,
THDASD T & OFFFIC LV . G-IOBEIKRNHEH STV WiGAIc, & EEIIEE 44 A
D3 A AN BERE 2> SDASIZBIHI Z 1T W2 WE O 21TV, BN ZEN TV D58
BUNBALE B ORTE DDA Z IR T D5 L WH B TR EME T 2 BEEEX T, 20
LHILHE TORAT ORI AITZ D RAB LN -T2 2 & T, BHEre & 4B & 0PN T,
WOBLIZATZ 203 B IRV E R E W ) BLRIT T D 2B 2 BT 5 2 & 23 w]
BEE o7,

LoL722 b, EEOBII A i 52k, fEBLINCE L7ZREc, G-Il o
LN X VR TE P, BAIT AW Wy HER LIZLIEA U, Biskp2Bm)
O, BRICHEET 2B ROBIN 2 @ U) e REICiEEICITRE S LT 2880 bI%, BT
RAOMZEREDOHRPLETH DL EB 2D,

@ Ny 7Y T L EET v RV EH OB

BETF Y20 Fay 7Y TR EHRIIAREBAHEASHIC L R anz (X
5) o ZEM2EEFRIRFICHZEMICHERT 5, TNELOZERIZ, 20 Fey 7Y v
TOBRFERZRFFICZET 2N TELD, Gt 4o Fay 7Yy o7 EHn
RBERZIT O Z LN WRETH 5, 2HOZEM 2 MIRICHRE T 2BBIL, RITHIC
MENOHBICEY 1 EOZEEBARRE R-o7HATH, b 1 REMAL CENE
M cEx b WVWIHHiEE BB LI-ERTH D,
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515 G-IEEH IS RE I S i 2 B 0 Koy 7 06 ] AR S AL 0 % S L7
\/v\‘/?_\‘%{%%o }‘QD ‘)70‘/“‘/7‘\\@571‘%%0

Fay 7Y o FARE S HEBESHMRESMIC L > THEICHEE SN (M6) . BEICG-II
ICEERIRE CH -T2 ey 7Y U T OHHDO OO (BXZ80 mm) 2/ TERS
N, BEEZ110gtBRELIZZEICX VT v a— b TICBNEZITY 2 & NAlEE
Thbd, NEIITIREF EWEF, E/1FFEGPSE U BAMAAENTEY . SR,
SRR, &E (FE) . ArEfEF® (am & JmURICZE#mT5) 2% F LN 620 I
BTHZENARETH D, FTOBRERCRIED . I E TICER LSO B A
BT A MR 20178 O RET1721 (Lan) | 20185 DO RJATI824 (Trami) 72 & TEHEF
100%E:1% E DB Z1T > 7273, PTU (KU - W) OF — X BfFF1395%LL . GPS (&
W - JJH) OF —Z TSGR H85~90%ME & FEFIZBAFICEBNT —% ORGEITZ T
Wb, F7o. 2018FEDBMNHIE, Ry 7Y T OIMUDFEM 2RO AF 1 —
NENEE I BEAZ LHEZAALIELDICERE LTS, Fay 7Y o738l a%kT
LT RICE T L%, BRICEV MR SNDFM TIERT 2 Z & T, WFEICBT 55
TI ATy 7 HERE (MRS G YORE) ~DOxfIS b7 > T2,

@ FRATZEIDILK

TRATZE3K DI BR D 7= 6 20174 O TIi% H ADFlight Information Region (FIR) @
HUIBLAIRAT 24T 2 2o e, o720, b2l EUAbIC e R EL TZ R &8l
WEATZ RN E W IR TH - 7, 20184F FEIZ (T ALHEE RS O @25, Bk O FET 5
7 4 U v r & @I [E M SE Science and Technology Research Partnership for Sustainable
Development (SATREPS) - Understanding Lightning and Thunderstorm (ULAT) & @##5(Z X
D, AeKE21EELIR GRAR130ELLE) O~ = JFIREF (HRRIB0ELIHR) oA —2 T
FFIRTOBI S AIREL 20 . RREBIHIOBERENKRE <M ELE, 20X 5 RERRKY
RAATRTREHIPH DIL R E b MBETH D Z &b AT (BLHIE) 2@ U CTHME L
RETH %,
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(3) BLA DI & WIIfEAT DfE 5

@ AF771F

BB LI ey 7Y U T Z 5 G-I # L= 7201, 2017477 1CE 425
B OMERDTRATIF A 215 5 -0 OB ThNz, ZORBRO—EE LT, 201747
H2TRIZRER MO B AR ECG-UOMRITT A M &ITH> L L bIT, Rry Y 7@l
HoOT A N Z&2FLT LIz, 20104 LARTOMERNATIREES CG-I D e v 7Y 7 Bl % 52
i L7BRCiE, BEFRICRe y 7Y T h o OBAMEORFER 22 ETE R/ b A

RMEEZZBEL T, Fry Y UTF&T#%, HKT 5 FE THRREEFICRIT L CEIHN A £
watobﬂbﬁﬁ% Z OREIRTAT EOFIRIZ AR A x5 & U 7 B & N4
% ECRE 72 & Ao TN,

ZIT, ZOTARTZTA FTlE, Fay 7Y T oOf FRICHER L TZERD %
BT DT AREITV, BRED I BLIETORUBREBINT — 2 DZEE R LIz, E7o,
e L CHRZR D A (03 MHzOE) O Rey XY U FaikFL, ThEho Re
TS T TR EEHLAEZETEL LR LI, ZOT AT T4 MZXo T,
BEF v o x L EROEZEG Ko v 7Y T8, Fa o 7Y U F BT % OMRITRE
(RATEE) OHHELMHIRT 5 LN TET,

@ 20174E 5 ET1721 (Lan) Z x5 & L7-EH

2017410 H 16 HIZ W REVE | (v U 7 6 &ilnig) TR A L7 HJET17215 (Lan) |
BhEmo ClHE LRI EL, 21RICARICERELZ, ZoaR%Ex5 & L TG
(XD 10AH20 B PHERE HE £ C. 21 BIC A ARORE 7 FICB W THLZHBII 2 520 L
2o MPIOFHHETIX, KAUREND LD ICHEEOFLITEE CERE200 kmftiT )%HE
%ﬁLmey7yV7ﬁw%ﬁo%mT%otoLﬂbﬁﬂ% 20 AT B IR 2
BEpE L CREUCHELLY ., G-IOME L — &2 X VIR DOEEE ﬁmﬁ%ﬁfﬁhﬁ%
nizhpolz (K7) ZE&nb, ﬁ%%(mmfiﬁt)&um®A4myh(RMk%
K) B"HHREZ LT, 8ROIROF~DORAZRALTZ, BROIRORIZIZ2BIE@RIT %
1To7eD, BROH LTI Ty — UL NERPLEIZR D1 EOELRMICIT@EE L7
Mmotz, M8IE, BREOIROH ) LHRE LIZBEEDRR T2, BHHKF, SEOIR
DJERTZT TR, BOFRBEED B0 Rae v Y T8 E T -7, FFC, B
@%@¢@Fny7fy?ﬁM%@ﬁEﬁw ¢®bF®£@ﬁ%mﬁfé:&ﬁ@%\
RARZ v Z7EIC LV HEE SN BROHLRE L BB AIT) 2 R TE T,
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X7 B RO JEAFRITRE O G-IIOFEFE L — &
(2 KD B R A3, fRE, B, R
B, BREADNATRERENBNZ & &R
L. RESLEADOHBORATII/ G TH
LEINTWD, KEHND —4EDIL Y
JET B TH D, AVIMROBRITTF
Al (RATHE DRI TV D) 20D
50~ A /L, 100~ A VOt AZ ~T, TRIT
B DHELT J5 1 LEAR D P T D B R EE 0D 72
WIS B ROIRTH 5,

X8 HJET17217%5 (Lan) OHBEDIEOH T L7125 H,

ZOBPTIE, AEOIBOFTEEE (FE13.0km) Mo Re v 7Y U FEMIEIT
TEMTERLLEVWI RICEELD D, BUE, KETEMENATWDOINY F—rOH @S]
HNE, ®EE3 ke Ru v 7Y 7B 21T 5 7ewic, RO FLHEoH EEI
B HIE - WESCEO M OB AZITS Z LAV, ABHTIE EENLD R
Y I T BMAEIT S 28T BREOIROH O ZEBEKEMEE (Stern and Nolan 2012)
ZEPACHEBET D2 Lic bR Uiz, 72, KRR RO FE TR OIFE b R
THIEMTE,

FET1721% (Lan) O#LHITIX, 104208 122[E], FHOI0A21BIZH 1EEEDOIRD
D EBBLIN 21T - 7,
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@ 20184FE A T1824 (Trami) Z %5 & L 7= BLH

20184F9 H21 HICTVE REVE B (= U 7 B leinifp) THAE L7 HETI824%5 (Termi)
IFB 2O CHAE L, 24H 22528 H £ CTHLKE205E . HAR 130U CERF L7212k
L. 30HICHRICERELE, ZoRREMRE LTGIICEVIA2SHANB28H ETD
4 A [#5H# mf@ﬁ%ﬁ%if%ﬁﬁﬁw%£WLto:@ﬁMiMMmm&Mﬂmm-
ULAT & O LRI CHEM S 47z, AR D@ Y . SATREPS-ULAT & OE#EIZ . AviE21
U$®v:§mRkﬁ~7ﬁyﬁwm@ﬁﬁmmﬁwmﬁﬁﬂ%&@okk DI, 7RO
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BEDIROF~OEBRITEZITV., Fay 7Y o F8(llEEE L, ZORLEEOH
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TIE 10 - TH 1.5% OFIE THKBUIMIEERICH 5 Z L 23RS TR Y (Parkinson
and Cavalieri, 2012 : X[ 2) | TO#EMBER SN TND
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KRENZH 2 D4 237 NI, WKIEOH THEFICEB O LW FEIEKIER D 212 5
EEZDOND, EEIMEKEIIBER S EIRORMICE L TR, TAeE—RK7 4 — K
Ny 7R EONREEBERET DL, TOHENKIBELEINCO RERPELRITT LN+
DTEIND, o T, [UEREB OO 7= DI IXFHIMKIROE L 82 1E L < TH
TOHLZENEELPETH D,

FEMOK IO ZEB DN ZUEEEN RIETHEL EEMICRAED 212, BiEKET VL
ZREET VICHAIATL O R S —KIRFETHY . ZHETITS 1970 FRIC A0
WMCHEMINZTr Y =7 b (Arctic Ice Dynamics Joint Experiment) @D 5T & % Hibler
(1979) LIk, BEZ L OMREN R INTEL, LML L, EROWKET Mookt
MEZHEKZRZLE LTHERBLEGDOTHY . L3 L FHMEKIROERIZESHZH D
TlEAewy, FEEE. IPCC HEZFTHW LN TV D REE T /LT VT4 b ALRE OYEK O
B2 A /N L TR Y (Rampal et al., 2011), K )RR O L FEO LEIEE %
R DOMEHE HZ,

BLE O FRHEKIR TIIOKBE DO R E S MOKERMR E. ZHEKE TR TR DM
BaFFoTW5b, FrIT, FEWOKIKO L O TR DN ZEBAAAET ik Tl EL<
KEDZ RFES D2 ENRKE OBAZHE RS 5 ECEHEMKIRLL FICHETH S
TEBNHMBNTEY, ZOHMSLHLBEHRIT LI LNERIND, o, HFED
AEAIBE T IXZ A K I D T - TEREIMEKIR O 5 2 mfEA 2 TH Y . B2
FRZELVWOITMMHI ChH L Z L 2&ET 5 L. FEKIROEETEZ IE L < BEE
THNTRET LI ENEAREBIIR>TETND, LMLAERDH, ORI HEF
DHEATVRVIEBED — 2 TH D, KUREBOMHNEZERFRE L 2> T L BUE,
KDOEREA FAZ & U HEHOKE T VOREENRAITRD LTV D,

DEEP WATER POLYNYA SHELF WATER POLYNYA

B4 3. AR Y = IS RO RIT T B2 R U7X (Maqueda et al., 2004)
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BT 5 D TREITHT B HES K&, WKAERIIH Y =¥ OMKEIC K E < K
F B, EERARE L RO B EDICITKEEELLS BHL 3 0ER DS,

2. 3. 1. 2. MiZ#BIHICE U CAbdRE RS EY MA 2R

ZEEMEKIE OWKFFED BB ONREN 2 A — VTt m~%+ km TH Y, Bl
GBI DO A — b R ERELS, HERBBOA T —NANLRL /NS, £2TE
DD A — )L Z 38D Z 2B A HICH Wb T 72, Aificih 72 & 2755
E LT, AEKRIRIEAF CIIMiZe R & L CAR—Y 7 BormE 258 & L CHkiso
K[UHEE OB, KEOEREEN, KEHEDOT-ODORET — X MGk E2 B L LT
WOAHATE I, T2 CIIOKBEROBIIE L O ET — ¥ MEEIC DWW TEBIZRBAT
Do

1) KO REELHI
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Z D%IEBIRZ TR 5 72 DI ITOKFI O @ ffEfE 2 1E L < T2 08P H 5, Kix
BUISNEICHET D72, B & OMAAERNIEFRRHKE L TRHESIToid, T7hbb,
KIZE > THENBBIEICHET 25— T, WIZ X 2 THOK MR U a7k
MR SN D, O EITKORMERRIC K E B L2 KITT, LW Dlk, FFiZ/
RROK %38 D Bl IR FR L2 36 W TR SE IS KR [ D BRK 1T TR U 72 B U D BADS K|S
A SNDBREB/AE THDHZ ENHMLNTWD (Nihashi et al., 2005) 2%, ##KD 5
% HEAEANE CHKIE Tdh - T H /NS KBRS < AFAET 2 7 3K ICHET 2 A K
TN ONBEINCEIRST 5 2 L1225, o T, KEORE S AHITEERKET LT
AR A BT 5 ECREEERARNTA—F L F 25D,

BRI BN T RIRE 2 7 KENTFAEL TV D, ZTHOIEELHEIC O/ LT &
9 LR, —EEISIIOKBOAIXE CAHEE (777 20) OFBERSZ ERMLN
TW5, LL2RD, (RO IZERE 100m UL EO K E ok#axtg 45
HbONRERTHY | AN IS 2KEORE S HMZOWNWTITELZRS MBI TV
ST, Flo. TEROHTHERIT. ZLOHRBICT T 7 ZNVIRITN 25 BR D &V D E
R TWe, TOZLiX, NS RKBEIERRLIDPMOBBEF SO Z L EWT 5, £
Z T, AR T ERE MR BT B WK AT OB & S L 7oA R, E
BE20~40mZ BRI R D VY — ARNFEET H Z E N R S 7z (Toyota et al., 2006,
2011) o ZAUCIEE—WOKFEAERARE L T\ D Z E Rl STV b
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4. AR = 7 WEERIZ 81T 2 KR DK & S OFEFEAEE i M (Toyota et al., 2006)
IR OERTH Y, FEHREEEN) & T RS S 7202852 OXKBEOERLY b
RERKBOMEBAEKT, N=Ada TRINDFF, 777 ZNVORENRH D720,
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2 O TIRAn & o RIABLRI OFE R, AR —Y 7 2 A O#EkICE L TiX L-band SAR
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/M2 L-band SAR IZHH TH D Z EB/RE7= (Toyota et al., 2009 : X 6) , F7=, i
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MEM P ZICB W TS L. [BFICBT 2 EXEICx N T 5 AR > EE
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bHVAA RTHEZONDD, A OIERTHEEENAA RbThbd L AKEITZE
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1 51 FE > DWRENE O KIR b HEE TE 2,
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= A RS LIS ST LR - T DR DR &gl £ CTORBEA R, i L fi
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O X ITEEBINC KR W RIBE & EF TH L, HEETFTOWELNTE
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FR2AR < (<) DWW 2 ERFMOSREN ML — FA 7 OBRICH D, *
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(2 R D Mg e BE DAL BT & U, D IEME RS R A LT AR E 2 e S
HEODICEBT 2 Z Bl ENnD,

=
=]

fL e & S Mg e BRI D =
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32.5°N2> 5 33.5NO MU BN AE 5 K Im O M & E O LR X HAIL TV D 2 & A filgid
TE D, ZAUTRKBR TR LI 2w e E i Jason 2 DWPERE R L L~ LTWD,
2B, 33INFHTICHEDZEIZ K - Tlason-27 — X I KX B 5 28, [FFFZ] O Ze
BRI CIIME e < FHIITTE TV D, MiZEmk L — & & Jason-2 T b AL 7o i & O 2 1%
FEERK6em & T o7, I BT, R &AL R OMIKR TIT o 7o T2 BB B
WC b, R 5 Jason-3 & O Ll BRI 10em O RS E TR S E ORIETE D 2
LR S T,

{(b)

'-".;"‘4:;.'-5:
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Altitude | : Radar-Meonsured
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Soa Surface

4
i

11 iSea Surface Height

Transmitter
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Referonce Earth Ellipsoid

B1: (a) MUZEREIT X D s BN O, OBHIER LA YE P27 ¥ —
R AT A L Z9H% Beecheraft King Air 200T, (2SR DIEERICRE L7 /L7 = v b
77 ) P— (X R L— & — ATSAR-X
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E12HABRIZENE NN B i &AL O By i T 92kt U 72 i 22 BRI oo (I HR (G G2 4R C-D,
IKEHRE-F), F& R 3 B 5 E 3 Jason-2 & Jason-3 D B #E . FREIE I IR T
YREEAS W R > 515722016456 H 29 B 0 B O FE ik % £ 97,
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AT ) SR T v BE (RN SER) & R B - [RIR C i S 10 1 ) B i Jason-2 T& b v 72 122
TR v 2 (IR K T2 ) OD FEE P 53 A1 o
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2. 4. KUHw®

2. 4. 1. ARBADO L —FIT X5 HT - KILOBH

AR L —21T, ~A 7 aliEz iz L —4 T, M NTHER EOBEIT 5
7Ty N 74— LEFALTCEBEOT T FROLD b RE RN T 7O %
BT LHHOTHY ., mofe2 iR mBlHIC NGNS Z &2, SFERITER D
TR IZ X 2 BT O L — & TrE30emfe & £ THEMIC 2> TWD, EHIT, \EK
R & BERE., T 0 OREREEZHAWD Z &2k MmO R 24 - G-
NI E WS ARETh D, £/o, T 7T E2OHWAZ & (F72i3, N T
BETIEETT20EOT =22 Hn 5 2 L) X HEND ZANENICHE (BER)
EWETDHZ LA TH D, £z, F—HuE LR TE 258 ITBHINAR 2 g+
HZ LIk 2200BHIOFI% TOEANEEUTORETLHE TE S (TH¥#
) o MIZEREHER Tl FUWRAT 217 9 121X, MZERORAT NAZR—I2T 20 E R H
% (BOFER ETH—ORIT S AZEBT 5 OFEH L) 2, TFETIEEINMIC S E
BIARE L I o TV 5,

2. 4. 2. ZEEEHSARDOBLIR

AARICBIT HA/MB N L —ZB%., JAXADL/N KSARENICTOX N RSARD BA%E
NAEERT &7 > TE Y . 19934 |ZPI-SAR & L Cgulf stream II#E# & L CRHE I TV 5
WHFOX/N Y ROPI-SARDFREIE IS mTh o 7243, HlHIEE OB D 100 FA AL 0O 58 A 5k
DIFRER =B/ OEKITFE D EE L FIF 5 KOO ROEIZONTE A 2@ E b 7o
5 L7z, PI-SARDEAMFEDPI-SAR X2IFRE B 230cmE THl & B Z LN REREH
HTH D BHREORE . B L OME K% DOIFIROELZ R 2 D Z EITE LI21Eh,
WARKEXR T, BROB AITHAEEBIN 2TV, EE OB 4 [FE L72iE,
WHELZ > THEM SN REORH R SIS TWS, 2ok iic, Gn L —
ZITHIESL KL DK ENKAET HRNCSHAOT — 2 ZH#H L TB ZENEETH D
Erbin, KERERICEEHMEET A LICLD, KFERET DI LICEHSNS,
JAXADL/N Y RSARIZALOSHT 2 HSARDFED 7= OB &, © O E 1X2.5m
Th b, ZOPI-SARIFALOS2HRFEHIZE R S4UPI-SAR L2 & LT, 20124F ) L@ 21T
STEBY, TOMBEIZII6 mTH Y, PILSARL2H 7/LRT U A R DSARTH 5 (F
1), 728, PI-SARL2(%, ¥ A YT R 7 ¥ — b R tEDOGulfstream IIFE#H FH & L THA%
SHTW5D
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#1. JAXADL/N> RPI-SAR & PI-SAR L2D 5% jt(Watanabe et al. 2016 L V)

Table 1. Specification of Pi-SAR and Pi-SAR-L2.

Items Pi-SAR Pi-SAR-L2
Band width 50 MHz 85 MHz
Sampling frequency 61.275 MHz 100 MHz
Operation height 6-12 km 6-12 km
Spatial resolution (slant) 25m 1.76 m
Spatial resolution (azimuth, 4look *) 32m 3.2m
Noise equivalent sigma zero ~-30dB -35dB
Incidence angle 1060 deg. 10-62 deg.
Polarimetry full full
Power 3.5 KW 3.5 KW

* Number of multi-look.
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2. 5. LA

2. 5. 1. KEVRATLIHTHRELEEROZREOHER

A Z TR T 5 EARRITZAEY AT 2 L TRE AHIEZH-> TS, T0D
I BT DLOIE, YO IEARSLITRIC L DR &R ORFELHRTH S H, IPCC
(2013) 12 K AU, fLAEBRELORBE R BN X 2 N B IR O R LR R O KZHH ~DF [ ik
HED I B, 4 BZEARINLTWDEIND, —J, EERIIAA 4~ A0 A
MO XD R CTIRFEAMEBRERMIICEE L, RKRHP2OREET2BELHE-> TS,
IPCC 2013\ LAE, ZDOEIFHEATT TH 450~650PgC TH V. ZHIFHIERKH I
FAET D IRFEICICHT 5, DT, BRI A X e EOREBDRLAES, ERK

B R 5 2 D AR D H 5 AW E IR A LA % (BVOC : Biogenic Volatile
Organic Compound) D ¥4 & ¢, 5 < BE '3‘6 REF IS AET X, RKEDZT vy L
ﬂﬁﬂ¢“k#ﬁbf“<t%ﬁo (2. AR HCRE K O EWT 238 U T, KU

2 Vol AE N EVIEN ﬁ%ﬁ@?wNF%ﬁﬁﬁimﬁﬁ’%%@’%bof<é

RE AT LERFEL LD & LA, LED X D ZelE FARRROHBLN 546 & D
A ENZHIET 2 2 EDBNEATH L, TNETICHHEICL DB T —F 24~ T,
ZTOBEENFIE I N TE o, HEBHE 2 % MODIS(MODerate resolution Imaging
Spectroradiometer) D7 — & & JFEIZ RO AN S S, EOoMmBA KIS T
W5 (T2 & 21X, Tateishi et al., 2011), F7, RSNk & rTHIkIZ 31T 5 KA 0 2% F
AL TEHE SN AR GIL, FHOMAED 1980 FREUKED L2 R HNC
ST,

ol ZIE. T T A A O T 1982 D 2006 A BV TREAEFEER OB K
L RAER STV A (Wangetal., 2011), ZD1ED, XU 7 TIE 1980 18025 1990
FEAHTE E CIIRE AR B O IME M 23 545 S AU T E 7208, 1990 R D 2000 4
EE TIEBEAEm RS D 2 & NFEREN TV S (Piao et al, 2011), F7=. RO ZH
ZAL D | HEAEDFEMOEENEZRO DRESLCEIE L Vol 7/ uV—%HET — %
MmHEDLZRED ELEMIELRE Lz(72 & 2%, Suzuki et al., 2003; Nagai et al., 2015),
BET— 2N, ELITHARET V¥ v V2R FT 2 EEm AR SR - i F &

\ZAFTET DRk OBED ML) D LI D 7340 HHEE STV 5 (72 & 21X, Kobayashi et al.,
2010), FRMROH B AL A~ ZAD5AA . 2 ALOS(Advanced Land Observing Satellite)
DO~A 7 aA B O L — ZPALSAR(Phased Array L-band Synthetic Aperture Radar)?® 7
— X Efio T, HEENRAL LI TWD I 21X, Avtar et al., 2013; Suzuki et al., 2013),

b X oz, fEBRNITKRER S 2K E W o RIS HOW T, fEIRARRDSY
MREDEMZ LB DT ENTEDLN, B 100 FrA—F LI E2ENLOHET
HHDT, ZOKRFEMGEIZITE S LTHRARH 5, K 1 122 QuickBird 12K 57T
Z A OO EE % FR Lz, QuickBird & WA IR, RENLEMBEHETH D,
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L2 L. Eifg EICIEBARREDOND DD, RO 2 OSLAREAR)Z ST 5 = &
m\%% ISIRGENARE LR CHh S, Fo, FEBNNC X 2 BB TIIHRAROMEE &
—fRICHETH D, D=, HEBNIC L AR N

QMﬁ\@ﬁ®%mmié%®#\%%@ﬁé@%?@%kﬁ&é%@ﬂm\bﬂ

X1 . QuickBird |Z X D HHE DB, 7T A I ORNBESOE T 7 =7 /30 7 A5 35km LR

WS AR—B—7F v NREBRHD 2009 8 H27 HD k wb—F T —@Ef4,

jAprll 24" ?anr

\r]rrrn [canopy, +qr c‘r~n floors

. * " '\ R o s ..r~ Nt ‘-_'. ¥
“MayE2 2010 J-. I . A A G 120008

2. WY T DY 7 — 73U 7T 2000 4D FEN S BT TIT OV i 2SI <.

T LTI AT TR SN HBARO W, (Suzuki et al., 2011)
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2RI S NI FER O T A A7 T 100~150m EZENORE S -de <Y
7®ﬁ%®@@%ﬂz:mbto%E%@trﬁﬁ%7&ho%?b%%@ﬁﬂ%<&
WM T > ThH, — AR —EKDVARNIT-ED LHFETEDLZ DB, £o, B
ERIRDIRBEZ TN ENRN A ITHFETEDHZ & b5, 2000 4F 4 A 24 HOKE EOE
BT, AMRIZERH Y | —HBHEIITROEITR O by, FAORNOHFEMKE &5
Z T4 EOBBIZIITFICEBONIHE EROERBENBEN R XD, To 2 omE
I BICHEBICER RN, BEOFOEDOFERIXIZ-& 0 Lbhd

AEOEIHTIRATZ X 91T, MATIEE BERIC ié%ﬁ&kmﬁf®r%@@%\
KO TNR KRR EZBE T, [UEV AT LEZBE->T0D, TOTatEAOH T,
HROBHECHIR, & BICEMERG AL TBREASCH A &V o o iE) . EEREE
%%ofwéoﬁbﬁﬁﬁﬁﬁfkof% B & AR DRETITRBREDR KR E B2 D

. BRI KD EFEESCABUIC T THEBOERIIREWEAS S, £, %ﬁ%o
B )ET 2R DR . MR L BHEOBE & CIRBE R AR B0 B O RKBEEEIC
fgi%b<@5&%x%héoit\%%®%§i%®%w7wNF@z\ﬁi&ﬁ
BINS LT HEE AR,

UEDX D RBEHOMEEEBE L, KIEV AT DB 5T O&KE ZHET 51
FRARDY 3 IRSCHIREIE & FF > TV D RIEICNL D \%ﬁ%uﬁﬁéﬂtt%ﬁ/%(jﬁwf
) RV — 2% ¥ FUIT L o T, AR & AR AN T & 2 @ RGO g % 15
HZENMATHD, SIHIT, HATKE» DO ZZT 5510 &2 OKE %81
T DI MNT K> THNI RN AT D, £ OReEIE 2 J7 M 4T3 4 B4 (BRDF:
Bidirectional Reflectance Distribution Function) & FEIZAL %, MTZEHEIC & - THEAE D 43 Ye S5
274, ZRACBNTEZHRNOEIHIT 52 & T, /fE LR oMAED 2 J7mE
DA AP LN TE, TOWAEDEE 3 WA IREET VORI L L T 5
AH, TORRE, EEHMEEREZ GO MHAOHEEOREBNT — X2 X D& ERHfEE
NAERE L 70D, F1-. Fbkh B34 A~ 205 1E. MR —F— 2% v+ %
X, v A7 AR L — I X DHEEITITDE & O D% T HUELIREE O faFn o fH
BEHEZOLT, BohiET—2ic7n A M) REMArdbEs Z 2k, SkEE
THEE T2 Z LA TX 5(72 & 21X, Hayashietal., 2013),
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2. 5. 2. ALt ABEREREL - ADEE
[EM) SRR B OV RER T — B R T 2 BUNERI FBOK 77 v N 7 +—24 (IPBES:

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services) | 7232012 4F
4FITBSL ST, IPCC ITRMRAENZPET 2 BUFF OAE#A TH 5725, 272X IPBES (%
EMZIRMER AR R Y — B AT 2 BN O TH D, IPCC TITRBEERH M
FENRRUREBIETRTT LN S 23, IPBES O EMZRME L AR —E A TH D,
IPBES DFBALICRB SN D L D12, K[AEEINC L > TH S Z S D EMSERIEC/ERE
RYP—ERAOZALPEEER SND LD ICR DI o0, ZDOFMAEAT O T2 DI L 72
LRFRMAZBRITEL Z L OEEMER G S E o> TE o, FREARROHIEAZRILN Y
ERFEENT, AMSHEECERRY —CRAOE L FIZERICEAD IO, £ DR E
M INTEFIEIC L > TEBIITIRT T 2 2 E P OFRE L 72> TV D (8K, 2015),
HIEREIH] 7 L— 7 (GEO: Group on Earth Observations)? FIZF% 1T 5 L7z M ZARVEBLH =
v b7 — 727 (GEO BON : GEO Biodiversity Observation Network)(& 5, 2008)I%, & DIEE
el L TARBRT—ERERR LT D8 6 FEETSDITN, MESHZERIC X 2810
(?ﬁbg\U%—F?VVV%?*?&%%%@?*&%%%L\é%%%&%i%
R —ERAZFML LD LT 557 fEEMEEFD, £/, 7 VT REFEHIESS A ADA
MERMEBINCET 2 Xy NI =2 THDLI T V7 KEEEMSHREB Ry NU—2
(APBON: Asia-Pacific BON)X> H AW ZARMEELHI >~ b U — 2 (JBON: Japan BON) T % [
FRICAEREZR T — B RICEAT 2 0B 030, fECHMZEHEIIICET 2 0RS % E
S 41TV % (Muraoka et al., 2012),

B 3. bR T OREBRIRICEB N T, 210 A— FV EEZRITTH~Y a7 X —IZHED
T BT AT X » THRE SN/, 2011 4F 11 H 29 iR, WX 4 120R
L7-HEIC L > T, AV VMIELTH D,
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Nagendra (2000 KAVIE, WS AR D 5370 & fif P 22 B 8L THEE 3 2 FiEIT
BRI TO =21 En5,

(AR & I REER A9 D Stk

FEHRHYR & 7o i DB (AR 2 G R] L 7 LT~ v B 745,

ARE R D oA 2 HEES D Ttk

FOA B EZHEE CEDAEBRONMENH LYy B 7T 5,

REHEEIC X - THOMEHEES 5 ik

B X > THRONTEEZ B ENNHR & A GDE 0 2 & TREFEFEM L,
X4 5,

ko5t 127 & T3] I3AEREROSMAMRIIRIE( & 21F, EEEEZCHRK
i EEBASA T~ R)VD IR A & T T D & THEM SRR AR Y — tx%%mﬁ
% IER DT, ARG E A RBT — % Th o THFRT 5 2 &3 H DR A EE

% Mﬁ (1) 138 2 D AEE A THIIEME 2 O Z i8] L. LT 24T 5 D T,
RO Y | 7= & 2 QuickBird @ X 9 72 S G A R R 2 > TH . ARG EIKRAR
BT 5, EoT. oL@V TOBINE ATRE & T D M2 L 28LANCEZRD =
LTl b, T BSO8R ZMZERETIMT 22 & T, ERBRROMEER, Wk
T2EMEEORELEDE R L. AMZERIESCARRRIERE, V— A Z5HIT 2729
D ORI R BB IEREHGDL LN TE D,

v
<
#
E S
§
3
o

£

o
Rl

0 1% 20 T » m

B4, LRI ORBAMICBNT, ~V ary—iHBfishilL—F—XAX vy FO75—%
WX o TS SN B OB (7 L — R —) & FROBHE DR (I 7 — A —
V), KO ALOBREL 430m, REOHEHT400m TH 5, (Inoue et al., 2014)



WLZERE B IR B, R ZE 2 AT LTI U, 1lem LN OMEE L1551
%, X3 (ZInoue etal. (2014)D3AST L 72 ALZKIR T OIRAFRIZIB T DAY a7 Z —IT X
DEBINCHENT, 210 A— MV EENLBE O AT T LIZRARO BB % FlRx L
Too BCEBRTESToOTHREICENES | AHHICE > TnD, e, HIRITITHEED
E, BIRE HERTL2LHTED, N aFF—lC@3 I ATOENPL—F—ZFy
FRHBEH SN, £ OF—% X0 x4l o #jZ(DEM: Digital Elevation Model) & 2R KK
FEOTBIRD UL S e, 9 W o T OERSCHIZICEE T D i Hix. fE Tz <,
WLZEH I L D m G EE B 726 22/ oD,

1990 FEN G | AERERMERE & B BROH DO FMEL A A N— 2T RV
FEHT L o> THEET DI ANT IR o 7o, 8 O3 R EED rI 0 b RN 35
WTEHEER 2B RLP S TR E Z A Ao 28— T MUEEHT 100
U bEDNR Y FERS, KGNS 23Rl a2 ET 52 N TE 5, KEELY
AT DMUZERRIT A R—= AT MV S L T2 6. 8 O3 e EECIEE!
W5 Z & DTERWEDL MU A AR FIRE L 72 5,

ZofE LT, KEMZETEHBDNASA)D 1991 55 1992 28T TiT- 727 a7 5
2 ACCP  (Accelerated Canopy Chemistry Program) 28 2 f & 1 %

(http://daac.ornl.gov/ACCP//accp.shtml, 2015 4F 9 H 17 HHER), MHAMKICB T H Y 7
SVEEFEOGHEEWETHZ EERATND, ACCP LRIFHICT —1 v RE L
\ZLOPEX93 (Leaf Optical Properties Experiment 93) $, 17 >4 1(Hosgood et al. 1994), ZED Y4~
BTN ERIESE LN, S0 FRIC R SED L EALTFERICET 27 — 2y &Rk
L7z,

5. Carnegie Airborne Observatory (CAO) T ffi | & 41 T\ 2 @ H A M 22 5 .
http://cao.stanford.edu/?page=cao_systems (2014 4F 11 H 17 H#ER)
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TIOWVDET ML, BEONREMREAFT. Ky, REFEL VTGN ED X 51200 H
IZF T 20NN T O R % TRIBHIC & D 1=,

Z D%, KEA—FF—WFEFT D G. Asner D 7 /L—T1E, MIZEEITHER LT A 73—
AR MR L == 2% ¥ FIT K D EEOL AT F TEEZAIA A T2 BRI 5E
% K5 10 #E 5D 7= (http://cao.stanford.edu/, 2015 4 9 H 17 HH#ER), 5 ICEIHITRIA S
NTWAHMZEEDOBEEEZ T, A—A N7 U7 OREMTIE, LMk T — X2k L
THED 5y G FEE(400-2500nm) Z AL A o, B D 43 M BURRFPE & BE DAL P ReE &
DD BAFR & 5% L 72 (Asner and Martin, 2008), F£72, ZVEARORIEETIX, Al B R
E%%K%ﬁéh4ﬂ—x&7hwwﬁﬁ%%m\%@%éﬁé% K, EFR, Ernm
— R, VT = T/ =), EEEHE L7 (Asner et al., 2011), =52, X 6 (TR
L7= L 90T A OB A RHEIT, ~A R — AT N VBB EE o &
&> THIFEZFRIE L, SR LV CRRAIFTRE 72 17 FIZ B S 7o X % 1F
S TW5, Asner DV —T DO ZEMZFE S T-BN S AT L EZFDOFEX, ~L— 7T
DOBEFEMRICHIEH S, RERSLT T 07— a v OSMARZ ORFE ZH LN LTz,

TN

EMSIRIERERER Y — E R 27T 2 72D OB 2GR E 2D 5 57255,

B Cocos nucifera ] Eucalypius robusta  WFlindersia hrurlc\'«mu

B  Pandanus rectorins B Persea americana W7 ithecellobium saman

0  Trema orientalis B Zingiber zerumbet

B licurites moluccana [« ‘ananga orodata [ [ ‘ecropia peltata !
O\ angifera indica I O\ felochia umbellata B\ ferrosideros polvmorph,
B Psidinm cattdeianim W Psidium guajava WSyovgium jambos

6. Carnegie Airborne Observatory-Alpha > 27 MMZ X > CTELN B EZFICHIEL
723U A @ Nanawale ZRMERFEXIZISIT D 17 FEOMW) D~ 7, (Féret and Asner, 2012)
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2. 6. HREEH

2. 6. 1. MEMRBRIBKETE /M

B A i s LR Cid, /MO A8 (Cessna A185F) % 19744F (55 15kB%) >
HIEA, MIEBREEE., =7 vy, AFBHEICHEA, £OBRERERNS Z—R -
7a oy FOiR ) e T # A8 (Pilatus PC6) #1979 (BE21KFR) NHEAL, KRED
IRBNEEER OB FIRE L AR 0 . ) - BEIME., ~ A 7 v E (Yamanouchi and
Wada, 1992) , =7 = Y AHIE, COHZERY 7Y v 7EN TN DEkIZR o T, 2
[RO7Z7AaYr 7Y o 7iE, mES kmif < £ TITHiL, COLREDENE 73465 58T &
iz, TOREER, FHENITIEZOTNEDTHY , L VFHRELDOT RN E2E
DIFNEDTHDZ NN E SHE EJE %5 > TIEREEE ) D = i B g fidg ~ o
WER DD ENRBINT, SOICEBTT — 2272 8TV =7 B U —fITH
B K~ZAZ T Tkt bE B A i@ o TIERER O COLD I E O i W KD ik S 4,
Z AL D ZEHIT LR - ER W 0D COR E D AR KA i el T i % 38 > Tk S 4
TWADERT2 /RS 72 (Murayama et al., 1995)

T Y OWTIE, TRK - WEIERBIHIGHE | BE T < BRI ThIL,
19974 (FE38[X) 3A 26 HI12H £ TOFTEIOE A FHRIZ L 5T T, #fdkeo =T
0 VOB AT CRif203 mbL B, 1 em PBUF) 12 ARREMEEBELIZE S
WEE D OE W T o Y LE (~30 ecm™) DA Z 517~ (Yamanouchi et al.,
1999) . 20004F (ZB41RER) D2BEIZ X DIRFEN D ANE~OWEELIHI 6, Kk T &%
DRL - DRLEEBIE IR E DA 35 H417= (Hara et al., 2006) , /N Z 84 X CToiE
X, ZOMERF - BIFOREN R E VDT LTS v— R2V/hE < RATHHEED BRE
I TRIRAI TRV FHA5REK (20044F) Zb o TR TTH T L ERroTe, TDOKRKE
DEOQBRNN G EZEOIRE T E £ TOHMESMABHSh, #HET —% LDk d
L, WEEROMEL TN EICHE 2 54172 (Osada et al., 2006)

_— =

2. 6. 2. R YIkFREMEGZHER
RAY, TAT7 Ly R Ux—0F—WHEEETERT (AW OfTZEH % i - 72 [
#H 1 (Antarctic flight missions at Syowa region: Airborne Geophysi- cal, Glaciological, and
Atmospheric Research in East Antarctica: ANTSYO) 3B S 41, FHATIR K T O HEKY) BREL
HNZ B & f5t & Z548 K BX T 20064 K 7> © 20074 HIUT 7> 1T il 22 B R S Bl 22 S i L 7=
(Herber et al., 2006) . AWIFTA D Dornier 2284 (Polar-4) #ffi~> T, KWEE 7 ¥ —IiZ
Ho ) A~AY—RMEDNPORNEO T =R HEMET2T7TA4 b e, A FERZ X
—Z & WA FEHE ) TII RS X ONEEE EKE - SRIEL A 25 5 8L T 2157 Z A
LEREML, =7 vy LOME LT RO T A 5T, WA A HL)E L T
I, FERKEZEX THEEAKRENOOMEOSL IR T vy L ER/FEAT D& B
FENLHK, HEETOTEOZT v Y VOERENNDOSAHICHNENLREBY 570
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ANEANRKESFEL, WEMTTIEERENEHHRH KA TOZT a0 JVRENYE—IT
HHINTWDEDICX L, D LihGE oMk, BlKm ETCRERAENO =T vV L RE
DEN D DFRETE LS o TWAEEFIN RS (R, 2017)

2. 6. 3. AuHEMIZEEEELN

EBIZ BT DIRERLEO ST vy LOEE, EL OMAIER, KEEER
ExfRIS 252 &2 BWIC, —EOMIZERBLIINIS Tl S iz, M B CHlle k& e Bl 4
1THOTNWDANR—=LINL « =—F VA HEMIZBNT, ZOXE#ZF 5L DIX EEDOK
REETHDL NN END, RRTWMED EZETONMEMb AR H 5 L)
MEE#N LD LD THD, F—OF v =i, AANLImELZFEL TP = v
MMEZRIZ L (Gulfstream-1I: G-1I; # 1A Y £ R 7% —E R$h) | AR—L 3L« 1
TAXY—EUNIEY, SHIEAN= ANV ELORITZHEHEE OB TH o7, EHIL
TR A ZE P AL A B BRI 20 & o &2 — I K 5 THeARBREE@lMl ) [EFRILREMFZE (1995-984F
) o—gE L To MemmiEmzZi#ei# (Arctic Airborne Measurement Program 1998:
AAMP98) | 73199843 H 2% i S 417- (Shiobara et al., 1999 ; FIMBEER}E, 2002 ; 25 1E
7>, 2002 ; Inomata et al., 2003) .

Z D%, =—A N A B TREBI Z AT > TODHAWLE [T, AWIFTA
DL ZEH%  (Dornier 228 B Polar-4) (2 L 0, Ty 8 = 7 = > L gt e & 8L
(Arctic Study of Tropospheric Aerosol and Radiation: ASTAR 2000) | % F}2AF 7% & 45 & 58
BAFZE (1999-20044E %) D —Bf L L TIHEM L7z, 200043 ~4 31205 T, =—4 v
A B A RIS, AN LRI T RR T T v Y L ORI BELAR L
W AR S, AR (L EBRARMD , EFRE S (AWD OESMmZHE L, o
I TT T REN) REJFHBRREIND, XY TSGR RKMN K AT e
NAX] LI T u Y REOSVIREEE TOEENER X472 (Yamanouchi et al.,
2005; Hara et al., 2002, 2003; Treffeisen et al., 2004) 12, ERL7=2o7 a2V L OHE
R AT Z . ~A XD H EJHFEHERKD B ORKROI 2% T2, £/2. ZRENITRIET D
IOy 7T — R NIV 7 M) —&mpRL7en, 22N AN TZ T 2 LT
LG EITIEGH T, 3 —e "R XY TAE 2 L CORES S IBEER O EWN (77
v 7 =R BCIRENEW) ZEWnhb, NLEENDOBMIGRER L g LT, H
ERGEOREI S 72 L7 (Thomason et al., 2003) , & HIZ, K2R LizL i, Zh
LOMREERIIRK[IEBOMBAEZFFHE L, BCICIOIMARKRENWZ L E2RLTE

(Treffeisen et al., 2005) .

200243 HITIT TN, AAD b Atk 2 B4~ 2 22 pE R8BI (AAMP 02) Z, &
FEIZAWIOW 12T EM L (3) o 1998FEOHIEEH DIFAIT, AW 7+ K
A—Z @R, WL D Fey 7Y Uo7 8 (X4) S22z, 70300 TR Z 5
i L (Yamanouchi et al., 2003) . =7 o Y LIFHROIEN, ANLFHE L OREE (K5 ;
Treffeisen et al., 2006) . A IREDEE A, RNAKRZ ST RKAS OESEER &
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DM X372 (Morimoto et al., 2003; Ishidoya et al., 2008) , 7272 L. G-LOfifif k2 AL
MHEREE 23 U XU TH O | A 1y MIET I,

20044E5-6 A \ZIZ FFEEAWI & 3L [H C, Al O FHTZEHE (Dornier 228) 24 % i - 7=
[ASTAR 2004] % Efi L7, A/N— L)L « 12 7 A v —Z2 i 5 fL 12 19[R] O FRAT 81
WEAT T2, BROEGVRE, A~ X OIEF 72K Td - 72 ASTAR 2000034
AOREFIZHEAR, WTNHIRD OEN /R I 72 1E0, BCRL BRI IZEL Y A £ 4
TERHIRGRFREE L Z &0, EDEIZH N> TORKIFGEILOBREEZ R~ L
THY (FRIED, 2010) , F7z, #ETEKICHES =7 vy volRERRENEH S 7
(Yamagata et al., 2009) Z & & AN THD, =7 r YL EEOHAEEM LTSN
oo BT, Z20O%, RL2EAEHI T —r v "EEHOZINME HIBE . ASTAR 200773 H
BEfAE (IPY) 2007-2008D—Bg & L C20074F4 A IZE e S v7223, B ARRIE~ v X T —
REPOMZEHBNZO L OIZIFBINTET (MR #HE) | B8 cxhiR Lz
(Hoffmann et al., 2009) , < D%EKANIITHOIL T 5 BRALMATZEF#481H (PANARCMIP)
DIAEL oz HoTWN S,

BZ 3R

WERG 51 - 1@ H T - A9 HBEL - HEJRUE & - ANk - Moore, G. W. K., 2002 : / /LD = —
W EOR—F —a —OfiZEELIRL. FREE, 46, 243-260.
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% ~07 %) 1]
solar hoating rate sscmalies [Kday]'

2. ASTAR 2000 22 H51HIRF O R B SIINER | [X 1 (a), (D)IZE L IRIE L=

Ta Y VR R S S IZEE (Treffeisen et al., 2005) . HFE®m 7 /LX— K (A) %0850
BA E0.19DA & FoR

3. AAMP 02 bRy RERTIZ X 2 W22 B BRI O FRATAE . (Yamanouchi et al.,
2003) . AAMP 98 IZIZ[AI4E
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SAGE-IIIZ X 5 JEHE X OERE S04 O bei (Treffeisen et al., 2006)
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3. WrEHE

3. 1. MEHEHE

IHETHARIIMBEBOWIE 7 L — T BEFHE 472 S0 X 0 IZEMBIN 2 =L, K
TR TRREE HITFTE Iz, Lo LIFIEE SO AR R L0 R R 72 8L 28 i S 71T
IR olfedIZ, TUTIHERRE U TEEBIN ORIk E 7t T D, F2THERD
PE L, HOREO TR WA LELE T HHEEEORBIIA o RkETH D, K
FFETIE, 10 M E WS BB A of T, EO LX) RJIERICEY, FokH7k
Wz B2 £ L, EOX )R EREENHND Z ERMFESND OB 21T 72,

WLZei s o OEHEBI O R RKOF R, K&HFHDOI 7 ei, $Thbbii=ERKAED
REE, =7 1 Y )L OFARECLTFAR, E - AR OEIRESLKE S 2 HIET D Me—
DFEETHHLEVWIZLTHD, ZELEH 7oA T NbDOI 7 o BITEKFEL TV D,
N T RBANTEARMICEE S MCHE Y SNz~ 7 e & LOJIE TE R0, RIFFETIX
INGOI 7 uB&EERRICHEL, ZNOHRIES AT A - HEKS AT LADL 7250
AP EOERBEZLET S, TLTHEET AVNRET LI 78 ZOTn A%
BFE - R 52 Lick v, [EEESTHORKER LBk 27 LD AR 2 B
57,

1) E=EHRKE

“E{bKFE (COy) . AF Y (CHy) . HEER{LZEZHR (N,O) 72 & DIRENRIUKDFEER
DIEELE THIO 7= HI121E, BEOINEOBMRENLETH D, AL TIZT T ITH N
T, ZNO DR DORGHT « @E TOFHE( - BAEZ(LZ BRI L, H LR - W
BEAUHE (U7 —Vay) IECEET S, 6126 DRENRLIED K
- WRIIR DA 8 & RO RIRLR LSS CO, DU EHEITHRE OO T2 02 P EE D L IELIHI
ZEML, EROEREEER TS, 7T IEMERENE (Fy XA T ) LI
B (R hAT 7)) TO CO WHEE DA BB K E N, Z DR KRIFERNIFUSHE
EIWCHWON D =Wott e 7 AV colFRm ERE) 20 BZ2 (B RXEE) ~oilp
iR (CO, DERE Y T v 7 A) ORMEMETH D, WEROWIRIC LD Mz K 558
HJE & B HRAREBHS Z ORHEEEZ KESBETELIERINTWVDLED, T
T TOERRI L ZEBLIIC LV | CO, & & TR BN R KR D I SHEE R & k5 BE L
M ES®5, 7TUTIERAMRREREICE D NAPERIERAHEM L TH Y, [FfEk TOERRT
PRBIANC IS UK RIARS T O FIEOMSLIE, RANCEEARNIERE & 725 L S
o,

DD ZAVE TOBIMBINCIE D & | FUZEHEFEEI 0D 2 5 53 i B E ot I 2 24 18 <0
EEOHTRH R EOREHI RSB O Z 2-4 FET{TH, T LTT VT ICRE LE-EH=
UTICBENT, M ORESCRAMALBHZHEVIEL, A U7y —Ya L IZX VK
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Hoe N EZGD, S6ICEL DD E FL—H—& LT, ik - R KRS HIC
DNTHEHALMNET D,

2) xtitlE A

KR A o ix. KKK - RRULFOE 2 2METH Y | BERRKIGY D EHAR
NTHD, MMEFEAT Y FIEESR - BRLA Y VIRE P2 MNRE) NEHEL R
STHY, BEEEAEICOHEL5 25, 20X 5B A Y OB RERRAR & 5k Tl
DI, AV b2 ORKE (BRI, —BbiRFE,. RIGKEERLE) Ok
ZEE AT USRI K VR T2 & L BT, AV O EAER - RO % 72
4 HOx 7 Y71/ (OH, HO, 7 ¥ H/V) OISR DEMRNAFIR T 5, FRZEE, K
TOT D ORI E OBEH A E LB L, KEIGYEDBEE ~ LRI~ & Rk L
TEBY ., [RIE~OHBEOBSNOCEETH D,

ARWFZE TIIMIZERE D & D HOx WIEZ B3, RRFICERMY OB AL S
REFHETLHZLICEY, HOx 7P VORISR EZ AL E L, HOx OFFdL
ER DR L 7 T & MEEROBLR O REE S MRS, MPEARRERORE - avHEED
Na g ORI EREAT S, ERIREBHRIUESC T 7 R L FIERIC, R VT
PG P KEEA~D N A RIFEYE OWMSEREEZH SN E L, WET VT - EM7 VT ~0%
APRDPERRNAA A~ ARBER DAL 72 PO R B L2 EBILT 5, R RIRHEEE W
K DAY 7 & DR SBLN OB E 25 B FE MR D 72 D12 b ML 2B BLINI D B 72 377%
IR E WV,

3) =7y

T a Y VOEENR - RO NI AR S 5 2 OB RIC RO b
TWDHEL, (1 )65 - BRI - KSR 2 3BT 2l 2 ORI O R - (b7
PEDOBHIFIEAMENL L, (L)EE - LR & | PRt 7 & O O PG - EEA R
FREFERKQCTHEIEL (Z7a—T v %8 | (D)EERBYE - (L PREE cE 57210 %
< OHET « FEIZIB W CORHiE 2 ERFICEV BT 52 & TH D,

B RICED D 7 0 — 2 v HFFEICB W TR, BRI SRE 1) O K& I R 2
HEpoTWDHT T w7 —ARYy (BC) 72 EDHBINMETT 1 v )L O EREENE &
TR B L E A EERNC KV BIR DT S (m— AV 7 v —2 %) R L,
KB 26 OEER KON 7 7 v 7 ZA0E L BRI 2 (BEMS 7 v —2v) B
Ze% . MLZSREBIICIEMiT 5, BC X CO,. CHy (22T 3 % [ IS K& 22 1E O i 5] 7
ERH, FT7 VT BC ORBAERLE - TS, ILICBEOKEREICHER SN
TWab 7 r Y VET Ve ERGHER & I2BW T, BC 72 EOHWINEIZIT T o —n
RT3 L ORESERH D, AL TIE BC (WHE) & 20X (R ahE)
DOFRIFFBENIC LY . ZOREEHEDORREZH LN E T2,

FMEDRICED LT 0 VORI - EEERE - KA L T, =7 =
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VOV OALFERK & OFIE ST AT D7 v — Y v e Eii T 5, MAKEEAOT T 0
YNV EEE AR L, TV TOEER T a Y I ONWTED I —V v &
KRNCHL N ET D, EHICINEDOTT B Y VORI LCERERE - K EFMEIC
b2 KREAF TCOMI{LENERBREEZALNET 7012, MEBHILDOT 7T
2T a7 v BN A E TS,

SHIZINHRRFOET oy R [ EEARHEICELY oL dicarbr—n
SN, FEANBWREENLOLIICBLATHWDIONE, ZEMEIER « #iEks 27
LRV 72BN DRFIET B,

INLOMRETEOND EMHEINI MR HERALEOEEN /R LOTHY | K
%m®;m%®ﬁ%:i@x?myw®ﬁ%%@&ﬁ:k%iﬁﬁﬁ?%ék%ﬁ?%
Do

4) =7 a )L - E - BEKMEAANER

i7m7w—EWEW%®k%&K%E‘:i () =7 1YW KB KEDOEMMIR
BEOBENBIERTERE - EEREO~Y 7 uPBEE~OEE, (i) =72/ 1D
IKEnAZ R LOKATERL (BWMELE) ~ORE, £ L C([i) =7 17 Y /L OKEIERKIT &
%HKE - IBAHZE (mixed-phase cloud) O~ 7 a RYBHE~DEENDH 5,

AR TIEOIZONWT, [UERBCTEEREZEZRIZL VWL EEILNTNDICDH
BMbbLFIEEAEBR SN T oAbl EHEO FeEOEBER 72 &%, Tz
O DOEEBR & . MEHICEEShEEL—F R D) E— by v 7 ORBREN
EVIHOMRTHIZEAEFORNRINC L VLN TS, F2@)-GiBEE LT, 7
T RKETHHENTZZEDO NATT 0 Y VLEI N, BEORYTUE - BANE - 1§
KEPEDOBEMEIBILITIE D E - BRI AT A5 Z TWARELIMET 5 & & HIiT,
M COTT rY O B - BAKREREZAONET S, EHICALERK - AL
K DM D Y —F 4 VI LD BERNARUEERICLY, =T V%
KT DHE BRIV AT LOREERLNET D,

TOTIEANL T a Y VRENRICATLEREE TH Y X X M1 b % (F1E
THIH, =T VORBEPRBS HTWDLAREERND D, 7 VT E A=Y
xR KRG TE - KV AT ARERIND IO, FERTRICLE R KR O ZARMED
oD, MZERBLID D OB BN & N THFR D D OJRIEEIN & A5G bE 5
LIk, =T e NDOEOI s u Bl 7 u R BORER LN ETH, 2
NHDAN=ZALEHEET VHBEICKMESE S, DO ELFIEIZEY, =7 1
VLV —ZMBEAEHOEBRIZOW THEBIB 2R/ b5 L HIFRFTE 5,

5) PN - B
E - BARKVAT ARERAE MR E UTHIZERBINZ1T 5 AL, - KTV RAT AR
BREENI AV AT =V DOREH G L EYHIBROMHMBOHELE, X OHEL & OHE
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BLG O PRIKER EOFREMEZBRETT 572D DM TH D, £DDIZBFDOEM
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THELNEMA BlooT7 oy L OKETERBTE) DR L &m¢5t®®ﬁ e
fid %D, EoF v /3= TERK S 5K O NHELRF M EORIE S A5 %., MEtL T
W<,

¥ 1T, AT GMP X CloudSAT 7¢ & O 5 St b o N T BB 4 FEhi L > b
Lo FEARBEMHEET MIZEBW TS, HRYIOREKIER:)ET /L NICAM DOBHFEIT K
D357 HRE) —RLTWb, LL, TOATHEBRTHEONTNDLE - FK
DEROM AL, ZN 5 %2 LE L TW5D 7 1t RBRIZ LB A2 s T R En
Lo TWD, AR CIIHFRELEmOMZERBIN A E/mT 22 212k, BADANL
FRESEMEET VAR OBAEZEN LR EN Rt 2 BiE T, ARz BT,
KEEBHTHICB W TRRKOABEERNTHL TR YL - B RF, =70/
v BORRZREOWHEE (27 &) [KFET H, ALEESNIT, Floziilte
YHEROWZERITIEERAMIC KA O T e Y L - B RBAKEOHERMSE (v
&) LRODTENTERNTZD, T OFE AT B R E I I ZE RN D D%
OEBW (in sitwBLH) 225 LG5 2 X TE Ry, T7bbMZEM» 5 O 8L
2k, JEZEEZ TRl 2 5EE T VICERY ‘Mtf%fiia&%ﬁ’i%?“é ZERMETH

—HFICBWT AN TAEBINEL, MEHIC L RN -REZERER COBEZ, S5

Fwwmﬁvﬁﬁé%i&ﬁaﬁ?5®*VXTA@¢gﬁujﬁjé;k%m%kﬁéo
FLBEETAGEIZ B Sh T ERORREMREZIMRILTE L EbIT, =7
0 VOREEEBRMICTH - FHMET S ECTRARTH D, INLOFEEHRA LI

EiEsiie = blte ﬁf%iﬁ%iokiﬂnf%éoHK@:M%@H%:i::%4~%
HE LT WREICH D720, MBI OEBIC XY, BEICFREZERIES 2 L
DR TE D,

131



Z.(dB2)
33

i hohownwon

L )
SO0 = —==O00 =~
L=

Height (km, Above Aircraft)

2D-C pep. Ratio (9) Power (dB)
— — ~
Vi ©C o
a1 =1 =1 =1 =1 =

20
< 10
‘;3 ) 0
& 38
20
£ o 10
‘@ g 0
N (g |
A -2
3 2 10
& U 0
& e .10
E —i
3 / - 1-;:
_4 ‘}.__/- Py S g i
22:27:35 22:28:56 22:30:17 22:31:39 22:32:59

Time (UTC)

B43. WiZei b OEMYHEOEZEBN & VU E— Mo v 7 ORI
(Wang et al., 2012)

3. 2. 4. 5. BHEE LHEH

10 - O KRB IE D)0 2 - T, TR R EHEERB LN £— e v
HITE SRR OFEHE T L O SIERE 2 i 5. MBI HT L WIE RS OB I8 & F20i L |
B OB FATIT I S DEE L EHR L, B2 E T 5, GIL IZEHZBHE L OE
LA OEROERENHY . 72 MRIIEEORE IRLE NS HIZRBBRH D720,
EEBAE Y E— My 7O 2R LB 2 RRETH D, MRI VT AD
Bk ZH e L, SEEENEONER L., VE— ey JRIEREHE L
B2 BT, THRAREIR HAVUTHEEHESR 2V IAAL T, GII 7 7 2 DK% 6
T 5, BUE, HEDL—FBMTIE7 =— X R7 L—FRUT LY ©—2Fmad Rl
TIED Z LI L VIKWEROREZATREE Loodh 5, BRI & W L ~r
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WCESLS V—FRREITHoCE 720, FRNICIE 7 =— X RT7 L—RD L —F &7
ML, Bll2E+TH>Z L2 AT,

EEEH (FEINIEBUERRE S 0 2 HIERR)
=7 1B (TSIHECPC) | =7 = Y Lkife 534 (DMTHEUHSAS) | =7 =YL
LR (BFERIERR) « ERRE oA (DMTHECAS, SPECFEFFSSP) | E - [&K
K- ORIy A & Tk (DMT#ECIPES X UPIP, SPECH:2D-S33 L UNCPI) | EKE
(hot-wiret > ¥, H—_"—T7nm—7) | )KZEKE (NevzorovZ’m—7, SEA
WCM-2000) . #HEEUHE (Aventech AIMMS-20) . Ko v 7Y 5 (KBEEHR) |
—MB bIRFEIRE, KR, XUE. RH

Je—Frkbro 7
X-, Ka-, Ku-, W -bandDZE « ffiL-—% (LT 2050, AETHIE KN v 77—l
WHgRE D E) | v A 7 RNV AT A X — (AR ThIIRAHEEMNE) | v~ 7 a2l
WS FE, TR - AT o — RS R R

3. 2. 4. 6. BB EENLEHE

[BLRF T 1] EFOIAREHEDOTEEL =T v VEE

(1) A#

HEOILEREFET TEE OKE) B2 <HBAEL, HEROBIHINSIZB W T H EEAR
TEIZRE LWL ZERMLNTWS (M4) . ZOFEBKICIE, K857k ST T
NZRIFERONA F~ ZRBEEFEO =7 0 Y AREERSNTL 5 &2 L, ZOREE,
ENEREAEEAKE (CWP) REENZ(L L, MERIICEBEILDT L RS 2 FT6E
PERD D, AFEOBHIL, ZOEFOILFRKEED FTEE~OZT 1/ LOFEL
ELEREOMHELIRRE - IFREE SO CHAE L, M ~ORBEZAL N T2
EThHD,

R OB A LD L THE (OKE) BT 2 2 E TDZ S OWFFEH HEL
HERE T CERLESNDG Y 74 V=T {0~ — W OBHEICERN L TOHNTE T,
—HIZBWTHHBEDO FEEOHI L LTk, TF,. MREOHE L Db T I T
Wb, ZHHIEWT IS HIERD RN B W TEHEREHZRIZL TNDHL I ENED
HETHL (X4) . —FH, APERPEE XA REFEOF TN L /01T b TV 5 53,
EVERFFEITIZE A CBHIS R TW W, BJERFO 7 —77 2013 £ EIZ T v T
% (King Air) 2KV, ZOWETH D 44N, 150E X 0 PG Z 2B L 7= D 23—
BHITHD, ZD 2013 FEOBROYMB 72T — HENTIC L D & EREIRE X 100
fEl/cm3 FRE & N A RIADE L Z 1T T W IR E M OWELE EOBEE & o7, £
TEILEE 300 m FREL FTHW—5 T, LIFLIERAKL Tz, ZoRKiE, Eo~
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7 a e EECEREOMIEIC L EEE 52 CODAREMER D, ZOX)ICEKBEZ T 0
VIVREE T CIERENDEL AT LI, =7 1 VY IVIEE OIS T 5 EENE W, 4
e, 7T a T OB EN S LI L, ZOMEROTT a Y LDOE - BEK
~OFEPBEDLLEZOND, EZOFIMTHEMRE - KL U —L0HfiEL =
TR Y VORERIIL, X0 IREE OB, Bk (FKE) OTEED
fFgE L ORI D, FTREESRISE U 5 N2 ROEEN I ND,

IDLLIM UL LA UL TUW \VIDINININ, UIGLZODJ, YuI=uinng
G0N :
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4. (L) 7HOTFREEEZEOXMEME (ISCCP), (F) EDEKO RIS /) (IPCC ARS),
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5. 4BV K TR ENE OB = U 7

(2) BLHFHH

BT, X50HEATRLEAAROZER CREFICEHT S, BIILITIEEOD 5«
2 2 AT 5, J1 5 FAafEO bR X OH £ TOEMERIXIZAEN
1450 35 LT 1700 km F2EE Tdh 572, MifcEEAER 4000 km @ GII X° MRJ (8 bk A &#IRs)
IFEERFRETH D,

TIA Mo g—r L LT B REECE Tl S 1 km L RO S EFEERE —
BE. HDOWIMOBHIEICISC TEEZEXRND mﬁﬁéOEV~&&£®)%
— bRV TICEDE - BKORNEZTET D, BHERERTIX, BETE, EE
W24 SEZZNENS pBHIL, EEZHEITTEAL 12km BEE T L%, HOE
K TFOBHAZ T L8R ANY — o e BB LR b0 IRT, Tk TOBMNFERD
B 2 ALMEE O LB A LR & L, 10-15 7 7 4 MREOEM (&5 50-75 REEFRE)
EEMTDH, [RBGBICEID ANAERT T oY AREEINNTL D7 —AL 7 V=7
— 2L, FOaLr NI A NERRD,

(3) THRINDHE

IR FEEDO R FREICHEINTL 227 1 Y LORERCETERE, =7y
T ERE R (BOREE . B oA, L FMsR L) 2 onE 35, £FEKO FE
EOEMWBERE (BUREE. RO, BAKRLFORIBROA R E) L~ 7 apftE (K
oA, BEE, BE - BEHEE, BEREERY) | FLTEMNEOMEE (KR - K&K
DE S, RO 72 E) ZH6NETLH, ZhbzTr YL - E - FREMKED
FFEE W] (characterization) 23ZERE O OEHEB IOV £ — e o ZHEANIC
WO THRE & 72 D,
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ZDLETZT Y VOERYHRLER - BRE~OREZMT 5, £ OOITHiZE
BB T — % OB 72 Llc kv, =7 a /L - BEOMBHEE L BARLED~ 7 o0&
EOBBRAER LN ETSH, L TCRBEZXISR E L LES REEEEET VAR & Dbt
BAZ LD, =7 Y VOEBICKT L, BEOIRE., T72bb, BAKEMK. SHhiEFEREK
B0, EEOE(L, HEEEKOT AR RFOBbEEEAT D, 26 DOEMBpE L
EDO~ 7 a RO RS & Ox G E LV RO RFZEM R 7 — L O CALE ST D
i, NIHET—2%FHT 5, £ b0BANCESEfEE - o — s
VAT 2R AZ V= a v O BERAA D, EXL T eV VFEIEET VO T
Uy RATF—= X0 bIEDWTNSREMA T —NVOEHZ b > TWHlcd, =71y

E . BKOBWELE ~ 7 ale XA T2 7 AN D FERIZ LES ©F VAR
ZEETHIEICEIVANTAZ V= a v ERAETIH LW L—2U—21ED %R
B, 2O OHBEINTZETALERANWT, =78 Y VOE~DOREZ®E U7 I
RKPEERA~DE B L T ELT D,

[BLAIGHE 2 | RE ORI - BARWE - HRFEDORSKEDE - K AT LT 1
VOV

(1) A#Y

RES (3H) EFHME - BARWE - WHREFEAIRKESHBEICERT 2, —#KIiC

B FREE OVEE L COBEMEELIC E ) BiX, EHBBESCRABED 70— LilE
WTHEHETHD (M6), 7TVTRETHHINTEZEOANLPZT 0 YV L0 T
COBEMEEILICHE Y E - AV AT OIS ESEREEL G2 WD EBEZLND,
FRZT T DL BEOEMIIKMEDIEMRITEEL 5 2. Kz LTBKICEEEZ 52 5
AIREMEDR D D, AW TIE, =7 Yy LV EEMBEEOBEZEBN L, E - BAKOY £—
ey 702k B AHIICER S NS E - BKICRILT, 7YV 70T r Y )b
MWEDX D REEL G X TNDLDNEHH~ND,

—HITBWTZORLGEIZ, KETHH I =7 vy i EOGYE Okl
ERBENZRIZLTWDL T ERMBN TN D, HYERKADEMHTORBERICH 255812
L REa AR —UL MR BlRSHRE S bk s D (K T7), ZauidiER T
HENDIHERRKDH BB ~OBELRERE THLHEEZ LN TWD, 72EL
Z DR 3 Ry — UL MR o oS R T RIS K Z ) ToHlc, =7 ey
PIRMEIRE T D AREMEDR DD, HDWITIRIAKISIZ LV =7 ey VDA b H Y 5 5,
AL TIE, BUANZ LY, =7 ey o EhmkiEiE, BKICE 2BHEREREE IS
mET 5D,
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(2) BUREEmH

BT RAEY (3 A) T - BAM - THREECTERT 2, BAWVE (B)VR)
EWMTZVE (BT-WH) OGO AT AEBHIL, =7 a Yy VOEBEHLNET D,
G-Il °MRJ ] L7234, RIfAHEOROWEKEEZRITT 5 Z L IXR#ETH LB, &
LREFHINVEEELRATHYI 572774 LA TH H, AIFMTIEICIKALTL 2
TEozTe Y, E-BKRKICAT LOEWYBEEOHEME, E - BKIAT L0 L
J& TR TR S 2 B EOEMDIRRNE, IRE =2 XYy —~UL F T EFxE I iz
TRy Vi EEBIT S,

OB BEWE - BRIV AT L) XN E TOBNEREOH 2 IR S22
PR E L, £ ARBOBH (BI2WE - K AT L) 1IDAS DEMTH 24 HE
ZEPRER LT D, W - BRI CTENEING 774 N OREOBIM (A7 60 AR
) ZFET 5, 1EO7T7A FTEEa L _RY—UL b ADEHAEZBHTEZ L
X TERNWOT, TRENEEIOBMIZ FEhiT 5, EImiICE D BKOBLITIX, Al
Mz 2-4 METRHYIL 7 74 P 2EMT D, PRI OBIHNIESRIEAITR 23,
fiti 9™ 5 S AT E OB O FERE N H 2 ALVEE LR EEE A LS & T D,
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Total (AT+BB) Carbon Monoxide gp%] at 1550m MSL
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7. (/£) 201343 A1 HOFroH ERXIX, (F) ZORFOHERRKKOEZRTHD
—fbikFE (CO) DOFEE 1550m IR T HIRE (KRBT, RE i R |

Z OBMITIL, CVI (Counterflow Virtual Impactor) (2 X W KO T v v L%
L., EOROI =Ty ke LTEHETHLONGHMET 2728, #HLWEH%
Fhid D, EFTEBEIT AT —~UL MTADHTE, BAREZRIZZORKZBH L, BC
ZRL—H—L L TEDLI =Ty ARRESNIONPHALNETS (2. 2. 4
BEHM) , FEBELPVHEBTEVEO 200 AT AEBHL, =7 0 L oBRE#EE
DEWERLNET D,

(3) TPHRINDHHE

BEMOBKIEICHEIE - KV AT A~OZT oY VOEBEHLNE L, =71
VIOV DEMMIEREE « KB HSOWTEEET LORIEE WE 51T 9., FFICEND
E-WEREWE - N~ORBOEERNLNET D,

FHRKEICE 2T VT OoxT a Y o EigmsimE (BERE D A i E o~ o
%) EHOLMNET S, ZHIICkY . =7 a Y ORISR O LT TV EE O MEE
LWR 21T,
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[BEIE 3] ANLTZER - ATDKREEOMEEN GO —F 4 v 712 X 5 BKR RN
E - BKVAT AOERE - K OIEHALFRE O BCIZR T 2 IS B I3 ICEME T H
L2, NLEBSANTIOKEZEZ AW 2 BRRG ST 5 ERFIE (k2 H
Wy —T 4 VT ERR) RWERR T —VORBEERELEST, L —Bo=Ta v
ORI ROMH T L - BARE—ETVORER L2 X5 0LERS 5,
FLEREETOT U N7 —HE TOREOMBEFE L RO~ 7 v &ORRR
&L A VKR - REGRE &l U -8B b T S,
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3. 2. 5. £HEW - AR

(1) M=

E BRI RAT LAROERE MR E U THZERBINZT S BRIE, E - BKIRAT LR
BREE N AV A — L OKREG L EY IR OBMEOHELE, BLXOE R OB
HREOTHKEE R EO RN ZRFT 2120 0EBIETHD L EXD, 20D, K
I CIELL TFTOHEBIZOWTRIRZITH,

- BUE, E BRIV RATLARLERE R E LI MIZE BN T & 2 8

« WUZEREERIN O 72 DITBARE LT < & ISR

CE - BKVAT ARRBEE RS L U T2 BB

(2)  BUAEA LR

Bk AT ARERE MR LT D56, BINCHERTOMZE/KE LTEy = > MET
BOWEEETEATESGNL LIEIGIVABIR S CHIAARETH DM EH TH 5, ifi
BEIR DR #3.6.1IR T,

73.6.1 fEAK T AT A0B R 2 X5 LT DM ZERE DRk

R 22 G-I G-IV

i fot R FE 4,260 km 6,500~7,000 km
¢ e 8L T R RE 1 B 13,106 m (43,000 ft) 13,716 m (45,000 ft)
Pk TREE & 2t 3t

i AT REEE ) 4.5 kVA 8 kVA

BE, BRI AT b - Bl ZRE LI ZERBIITHEATE 2RO —Fi e $£3.6.2
R, 1T AL OB D R IEFT THAT RO AEDO LD TH D, T b D%
s Z & TRAKY AT AR LSO RKEREEY (Rl - IR ES) OB,
BRx IR DE « KR FOBLIZITS 2N TED, HFET, =7 vy kit & EhL
T ORI ZIT O ZENTE D,

BRPLA VEKRS AT L E V)W LWKARBERL 2B R LT 5720, MZEHK DN
P L ER ORZEMEBET D L FORITEAMZERZ OB S BT L TS
WD EEZDBND, L LG, HEABLHIEEZ H W 72BN I 2 IS B 20
JUNY EERTHOICb . BIRFRIZEBW T, AAMZE#EE W8 Z217 > Tw
SRERHDEZZBND,
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K362 K AT LB M ARG & LI ZE BN T T = 2B O —F,
RITRGHTEPTAS LIEME R+ (BATE A 5 B KEE)

— B AR S (DAS) LW WimEWim &R X 5,

&

cHEBERKEXAYEL R T

BLRIES BLHIR 5 T A7 R RS A—71
Cloud Droplet Probe e . _
(2D-C: 25-800um) EKE - RIS | ]EMEET PMS, Inc.
-C: 25-800um
Precipitation Probe
on ‘; 200-6400.m) K - KA | KETFEFT | PMS, Inc,
-P: - um
FERLF-#EL & > Y FSSP L
(2-47um) EOKE - R | KRENIERT PMS, Inc.
- Hm
CAPS Probe .
EKE - RSN | [KEWFERT DMT
(0.5-50um, 25-1550um)
PIP Probe C e
(100-6400um) EOKE - KIS | [EWFERT DMT
- Hm
CPI Probe =
EKE - RSN | [KEWFERT
(2-2000pm)
King LWC Proce EKE REMFSERT PMS, Inc.
Gerber PVM Probe EKE K[EGMFSEFT Gerber Scientific, Inc.
Nevzov LWC probe EKE REGAMFSEPT
Nevzov TWC probe K E « KKE REGAMFSEPT
TAT Probe i REGAMFSEPT Rosemount
Lyman-Alpha Hygrometer T REGMFSERT AIR, Inc.
; _ EG&G International,
Aircraft Hygrometer System . i REGHFSERT I
nc.
CCN ik i
CCN counter (ssw) - REGAMFSEPT
w
PCASP CCN £ KRETTERT
SMPS ((DMA+CPC) CCN Hike i KGRHFERT
IN B (SSi)
IN counter L [EGFIERT
ML /.
OPC IN Hi i KRETTERT
HANTa—7 3 kot EUH REWIEFT
Nry 7Y 7T RTAEE - | IR - K EGH
DAS DAS, DM Inc.
UHF 7 > 7 ($niE 53 A1)
Koy 7Y TFREVAT .
Al Fa PN HEEX

L (4F v xI)
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(3)  HI=RBHIE O EME
EREOBLIIER TIE, BT AT LB BOBHIZIE 15 TIER W, SBOBIHOT
OITIZLLT ORIZR O FHBAFELCH AR N LETH D,

® ~fuy 7y 7
HIEIDRREHETHREL L TR T\ e, BETF vy 2D Fr v 7Y U FZF OB
1%, PWEBXKASHOMAICIVEHRL, 2. 2. 6 E TR LR EXI%RE L
T ZE BN BT RIS R ST,

@k Fry Yo7 itk (k=) oOhif#81H

HE, i ESERT HER T > 7 (Murakami and Matsuo 1990) % FH 7= 81| 23T
b Tnd, ZOHRTITBRREICH > T, £ - BAKR TORIR, M, BRE, R
SHOBIMEITH ZENTED, LoLand, M EnbikEkd 58k 7 T,
B & UGl Y 2 fEIR 2 B B A2 @il LW R Y B &24T 5 Z e TE Ry, Fim,
BEZR & OB T TIEBNZ FR TR, ZOX D REETIZE N T, ERF OME
A OB ZAT D 2012, FEELED B SxitEE Kk oKk 7ice v RA v b T
Eh U TEBETTDHIET, B BKYAT LANEOR A 5AAOBRINETH 5,
Bz, o FETIIEBNT 5 2 & O TERWEILENERC A O AT OBEER IC 8 1
BHE - BAKRLFONAMEBBIT 2 Z L12XD, BT AT ANEEOEMYEIERE O B fiE
DD LENTEDLEEZEZOLND, ZOLIRERT Ra v 7Y o7 idE X 22050
B SN2 Z &35 D (Murakami et al. 1994) DD k& 72 RIBEIZ I 0 BAFE S H Il L
TWAHRETH D, ZNETOERTY T THEMEE S ZHBE T 57290121680 MHzZH;
OEREZFEHLTWDER, Yoy MECOERIZIRECTHL LEZXBND,

AR, H B2 OKERBLANC £ 0 R ORI EORIR, 1 (RFE2EFE DY) %400
MHz# D 7 VA 7 LR U OB 2 W TEH+ 2 Z & D TE % Cloud
Particle Sensor (CPS: Fujiwara et al. 2016, 1% 2> 2017) 23BE%E S, HERATIR7: £ 0@
HTHIMEPHERINTWD, ZOCPSOBHI AT LEk Ny Y U FICEMT L2
& T, R RE KIS A RS OB B A B A B T & D ATREMEN B D, BIE,
HEBLXEASIC L 2B/ ED LN TE Y . BIFHIE2019FE S L < 1220204 0
BB WT, B EEOT A N E1TH TETH D,

@ ISR AR T A 4 —

Kz b7eDTRAKY AT ABRRET HMELMEE LT, 3B FTESBETH D Z
EBRFFTOND, KETHT H701201F, BRI AT AICHRAT 2RO KERE
EBEMICHIET Z2MLETH D, BURTIE, KEAKEITZE L L TREXSBIICE > TH
LTS DD, AAREIEIZI T 2 BUEBL O ARG T H0100 kmPL | FFEfE
BEGIAHID2E LM, 2D, KEK[KEDRZEMEB DR EK S X T LORED
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HMERFIZ BT TREIRC, KINOFAEICLER TIROKELQEIZOWTORRLIEHA S NS
TV, Fo, KOREICHFE T 2KBITREE TEOW E2r6RAL TS 5L
EZONDN, HEEICBTAKRAEZM EER, b L I3 ESRNC X v FFZERIC
BB D EAN I, LR TR STV R, 1B EITIIT DK FRK B OB 2
B X DKREK T 0 =TT 4 X —% A5 UM TEHIE W,

T, LZEREIC 27 W I 7 A % — (differential absorption lidar (DIAL), Browell et al.
1997) ZEE T X I L, KAKEDOHBE Y 7 7 ANV EBNT T2y = 7 kB
IO TWa, 7 AU DERETIE, HIEHRIBIZ T 5RO PR A e 2 1F 58
THODORBMRE/E 7 e =7 ~ (International H20 Project (IHOP_2002), Weckwerth et al.
2004) IZHBWT, BEELDOMIZEMIZ X HZDIALZ W =B T, FEELE DO ARFD K
REBOBRNERES 7 (K1) ., 207 aP =7 Tk, DIALO Y Z 22 &K
EHENCHRRN T 52 8T, —EREICBIT 2 KEKED KN BT 2 A b1Th
nNTWnWd, ARIZEBWTHHZEHKIEEHH ODIALOB XTI TE Y (Uchino et al.
1995, Nagasawa et al. 1995) . KO AED THE I 5 IO B FANZ BT 5 TEAKZAK
BOSRESMLAKEDME2BINT 252 & T, BARKEO THIEEOM ERRIAEND,

X1 THOPHARIH >20024F6 A 20 H AT ZEFE 2 SR1E T 1) X (ZH5# S U7=DIALIZ L 0 15 5
NEKRKELEORE 0 77 A0, RTIEI KERBOLEHZHL L TWVWDH,
Weckwerth et al. 2004 & 9 21 .

@i Z=EHER Ny 7T — L —4F

7%Uﬁfmm%mwﬁauéxéhfﬁn 2 < OFEKEZF T TV D EHITFIE
ThD, BIENEOIR LA % 5 RJE 0 TLAENGBMZIT) 2 ENHKRD T2
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D, WEEE OBARICIEFICAN B FE CH D, FlzIX, BROBEICHEZ b OFE
ELZE (Vortical Hot Tower, VHT) OD{F{E % fei8 L 7-F7% (Houze et al. 2009) °MJIO D53
& ARNIEFRB DOFEK S AT LN OEREIE DO FTH 72 F518 % 7~ L 720798 (Guy and Jorgensen
2014) TN TWD, Ry 7T —L—&%HOT- MBI X 0 e EORKS A
T LB RN OFEM L3R T KIS A BT 5 Z L T, BUEET L OREROBKRFERL T
—ZFMBIZ LD PR EOR EIZH 5T 522 L0 WFF x5, 72, ZNETICHAT
M ZEEERNC LV BG S Ry 777 —s# B0 B3R RS & #H R 95 FIEICD
WTOEHLITOIL TR, ZORIZHOWNWTYH, f7iF5E (B 21X, Guimond et al.
2014) ZZ2FIZT NIV ZALDOBREETo T MERH D EEZ LD,

@ ZER S HUR I L — &

FZefsdi L — &2 L LT Ry 77 —lER T T, REEELZ LT TR AT
LN OBEARL T OFRZ B FTREICT A L—4 Th D, ZORER, IKWHEFAICEIT 5
B AR DR ORMEZGDH T ENTE D, ZOHMEIT AV I TIIMLER DI EEC 7
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#1. JAXADL Y RPI-SAR & PI-SAR L2 7t (Watanabe et al. 2016 £ ¥)

Table 1. Specification of Pi-SAR and Pi-SAR-L2.

Items Pi-SAR Pi-SAR-L2
Band width 50 MHz 85 MHz
Sampling frequency 61.275 MHz 100 MHz
Operation height 6-12 km 6-12 km
Spatial resolution (slant) 25m 1.76 m
Spatial resolution (azimuth, 4look *) 32m 32m
Noise equivalent sigma zero 30 dB 35 dB
Incidence angle 10-60 deg. 10-62 deg.
Polarimetry full full
Power 3.5 KW 3.5 KW

* Number of multi-look.

P PN

Watanabe, M., R. B. Thapa, and M. Shimada, 2016: Pi-SAR-L2 Observation of the Landslide
Caused by Typhoon Wipha on Izu Oshima Island, Remote Sens. 2016, 8, 282
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TABLE 1. Summary of ficld program datasets,

Project No, of flights  Cloud formation designation Lat, lon In-clowd temperatures ("C)  No, of 5-s PSDs
ARM2000 7 Stratiform 37, o ~32w 6637
CF 1 Convective 28, -&2 “63 oo 13082
TC4 1n Convective 16°, —8&4° 5T 17715
NAMMA 12 Convective 16°, -2¢° ~&f o0 15913
AIRS 9 Stratiform W - 4T w0 9573
civp Rl Stratiform %, 74 “d42*to ~1" 6471
REPLICATOR 3 Stratiform 37, ~0%° 63" 10 ~4F 31
scouT s Stratiform 1¥, ~8§* 87" o - 657 3%
SUBVIS 3 Stratiform 0", -95° ~83" w0 ~57 455

16°, ~84"
-12°, 131°
MPACE 13 Stratiform N, ~18T “$T"wwr 9579

PSDs Averaged Temporature
ao%on:'cﬁ-o e
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\ Wing Pylon

/5 holes N\ \ \_SPIDER (See Detail B) “(See Detail A)

(See Detail C) N\ \ \_Gerber Probe (See Detail D)
\ \_Radiometers (See Detail B)
\\ TAT, Hygrometer (See Detail E)

<R.H Wing Pylon > <L.H Wing Pylon >

\ DMT CAPS

5, .\ PMS OAP-202-P
—— \ Temp Probe

. \ EG&G Dew-pomt \ OAP-2D2-C

\ PMS FSSP-100 '

\ Detail A
\ Lyman-Alpha Hygrometer e

\ \ Gerber Probe \ SPIDER_
. \ Radiometers
\ Water Vapor Profiling Radiometer
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/ Sonde Shooter
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Exective summary

Promotion of Research on Climate and Earth System Science by Advanced
Aircraft Observations:

Plans for the New Aircraft Program of Japan

Summary of the report of the Aircraft Observation Planning Committee
of the Meteorological Society of Japan (MSJ)

Toshiki Iwasaki (President of MSJ) and Makoto Koike (Chair of the
Committee)

February 14, 2019

1. Background

The Earth’s environment has been changing rapidly, particularly as manifested by global
warming, and the changes are imposing large impacts on the fundamental structures of our
lives, including socio-economic activities and supplies of water and food. It is critically
important to fully understand the current status of the changes and to investigate the
controlling processes, in order to predict future changes and protect human society and
ecosystems from serious damage. At present, direct atmospheric observations by aircraft
are lacking in important geographical regions; they are needed for understanding
greenhouse gases, aerosol-cloud interactions, and the hydrologic cycle, including
predictions of typhoons and torrential downpours. Japan lacks an aircraft dedicated to
scientific measurements, so Japanese scientists have been obliged to charter commercial
aircraft for their experiments. Therefore it has been difficult to plan and conduct systematic
aircraft experiments, which are indispensable for studies of climate and Earth system

science.

2. Aims of the Program

The purpose of this program is promoting atmospheric and climate research as well as
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Earth system science as a whole by introducing aircraft platforms for Earth observations.
We plan to acquire a dedicated aircraft and outfit it with an observation system that will be
designed and utilized by scientists from a variety of fields and institutions on a long-term
basis. Our aim is to enable the systematic planning of next-generation Earth observations
and research activities by operating instrumented aircraft platforms on a long-term basis
and attaining the highest levels of scientific outcome and impacts. We plan to provide
today’s scientists and the next generation of scientists with exciting opportunities to use
aircraft platforms to pursue new scientific ideas and to develop and use new technologies
and methodologies. It is also planned to extend these new research opportunities to foreign
scientists so that this Japanese system serves as a center of research and promotes Earth
observations throughout Asia. The basic scientific knowledge obtained by this program will
be made public in order to contribute to the welfare of world societies. All the processes
involved in this research plan, including organizing scientists and activities, selection and
scheduling of instruments, soliciting proposals, making field measurements, data archiving,

and using the data, will be transparent to all scientific communities.

3. Needs for Aircraft Observations

Japanese scientific communities are successfully conducting Earth observations using
satellite platforms (e.g., GCOM, GOSAT, GPM, and EarthCARE) and successfully
developing and using large complex numerical models of the atmosphere and ocean
supported by large-scale computing systems. However, Japanese aircraft observation
systems are far behind the international standard set by the USA and Europe due to the lack
of dedicated aircraft and the number of suitable payload instruments. Direct atmospheric
observations of gases and aerosols from aircraft using in-situ and remote sensing
instruments are essential to complement those made on larger scales from satellites. For
example, microphysical properties of aerosols, clouds, and precipitation, which can be
measured adequately only by direct aircraft observations, are critical parameters for studies
of the global environment and climate change. Processes critical for reliable predictions of
climate change strongly depend on these parameters. At the initial stage of this proposed
program, we will stress the need for accurate and systematic observations of microphysical
quantities, including the chemical and physical properties of aerosols, the size distributions
of cloud and precipitating particles, and the distribution of greenhouse gases on small to

large spatial scales, in order to yield insights into key processes and ultimately to achieve
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scientific breakthroughs. Having more precise, accurate and abundant atmospheric
observations from aircraft will facilitate improvements in satellite remote sensing methods
and contribute to advances in model predictions of global change through improved

understanding of basic processes and more comprehensive comparisons with observations.

4. Important research areas for climate

A. We consider three areas as priorities for climate science research with instrumented
aircraft platforms:
a) Greenhouse gases, which drive global warming;
b) Aerosol, clouds, and precipitation, which are some of the most uncertain factors for
estimating global radiative forcing and the climate response;
¢) Typhoons and torrential downpours, which may have strong impacts on societies as

climate changes proceed further;

These areas have been studied for a long time by Japanese scientists, making strong

links with satellite observations and modeling studies.

B. Earth system science and disaster prevention

Earth observations by instrumented aircraft will promote the wider study of climate
and Earth system science, including the biosphere (terrestrial and marine ecosystems)
and the physics and chemistry of the ocean and sea ice, for which the lack of sufficient
observations by aircraft is limiting scientific advances. Direct observations of
microscale properties, such as vegetation types and the extent and distribution of sea ice,
will enable insightful interpretations of macroscopic properties observed by satellites
and will contribute to improved understanding of basic processes needed for model

development.

Aircraft observation systems (e.g., synthetic aperture radar and gas and aerosol
detectors) will be used to make observations that will help minimize damage from
natural disasters such as earthquakes, volcanic eruptions, tsunamis, floods, fires, and
severe storms, and prevent serious accidents such as pollution of marine ecosystems and

accidents in nuclear power plants.
C. New aeronautical technology for weather observation

Considering that the future aircraft observation of weather, development of the
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Unmanned Aerial Vehicles (UAV) technology is desired in terms of flight area,
frequency and cost. In collaboration with the Japan Society for Aeronautical and Space

Sciences, UAV observation technology for weather observation/monitoring is planned.

Organizations and operations

The Institute for Space-Earth Environmental Research of Nagoya University has
established the “Center for Orbital and Suborbital Observations” in order to play a central
role in aircraft observations. This center will organize and manage activities related to
aircraft observations in close cooperation with scientists from several institutions in Japan,
such as the University of Tokyo, Chiba University, the Meteorological Research Institute,
the National Institute for Environmental Studies, the National Institute of Polar Research,
and the National Institute of Information and Communications Technology.

Operations related to aircraft observations will be supported by companies and
foundations, such as Diamond Air Service Inc. and Japan Space Forum, which are fully
experienced with the operations and management and support necessary to conduct
successful aircraft observation studies. We can receive advice and support aeronautical

section of JAXA on determination of test plan and flight conditions in the flight test to

realize more efficient and safety flight experiment.

. Planned Aircraft

We plan to use the Gulfstream IV type aircraft as rental from a private company such
as Diamond Air Service. This is the major change from the previous plan issued in
2015: Mitsubishi Regional Jet (MR]J) is the proposed aircraft in the previous plan. The
advantages to introduce Gulfstream IV are longer flight range about 6500 km that is
about 1.5 times longer range than MRJ, and rental cost is much cheaper than the

procurement and maintenance cost of MRJ.
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