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Observation of Eruption Clouds with Weather Radars and Meteorological Satellites:
-A Case Study of the Eruptions at Shinmoedake Volcano in 2011-
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ABSTRACT: Many eruption clouds from Shinmoedake in the Kirishima volcano group were observed by the

ground-based weather radar network and meteorological satellites in 2011. We analyzed the echo height and

the maximum radar reflectivity factor of all eruption clouds observed by the Japan Meteorological Agency

(JMA) operational C-band weather Doppler radars at Tanegashima, Fukuoka and Kagoshima Airport. As a

result, the time-series variation of these factors corresponding to the volcanic activity was revealed and their

co-relation, that is, the Z-H relationship, was derived. We also analyzed the heights of all eruption clouds,

which were estimated from the brightness temperature images of JMA’s operational observations made by the

MTSAT-2 geostationary meteorological satellite and of rapid-scan observations made by the MTSAT-1R

satellite. From the comparison of these analyses we found that, for the purpose of detection of eruption

clouds, radars are suitable for frequent observations around volcanoes, whereas, satellites are suitable for

long-term observations across a wide area.
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BT &N, EREVNE - (2011), &)1 - fh (2011)
ZEo#HEInTWAS.

223 1A288~287HEAXDESH

(BEX % : Figs. 14-16)

1 A28 HUARE, KNS SEEEM 2RI/
MK A~BAT LT o 72 FE TR o fig Hi 28 — ALk
NE2ATH IBRETORETE-BRAMKL —%—
DR o —TH & ORI 2 (b % Fig. 14 12, &K=
o — R ORI ZE (L & Fig. 15127, 1 H 28 H 02
B 10 30 B VR A o= o — i, 04 B 50
5y LARE 29 H 00 B F THIAIERIZIC R G — 2 — 23 )
Mol OREIZR -7, =72 L, 28 B 12 FF 47 4y
? 2 [A1 B ORI K (E LB X 2 &
K O#% E 1000m LA E) TiX, 12 B 52~59 53k
5.0km OWEET o2 — N A S iz, 29 B 08 FF 49 4y
B e R (e R e M o o — 3B S e < 7R Y L2
H 1 H 0785450 418 HOBEEHE KR CkA&LE
2000m) DARRITECERIAREET a—R 2605 &
YTl otz B, Z O 4[EH OBIEHINE K ITHR
EORER 2.6km Hi 8 CHEMIKKE 22 ZEIR
458.4Pa Z B L72AY, SIGd 5 MM = o — R AT
K 33.8dBZ Ic® v (Fig. 15), BROT X)L F
—& T a—RECEEOBKITR LR,

AWIMFEAE LT 8 MDA K TIX, 6 [FITH
e o—ZH L7 (Fig. 16). BT Rho7o 1
H 30 H 138575y & 2 A 3 B 08 BF 09 5 D 1% Ay
KIZH TR DRAW THIEX TR O, H7 5, &M
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KRBV —F— « R LD KR

DL —F—H A b EFREDOERERE N LT X
D AR BE DM S BB TE R o lolod TiER <,
HY ORBEN L — L — TR TE 28IV DR
Mozl EBZBzond. i, B - @iak
L — ¥ — T T & R E O & BT, Fig. 14
WICEBR TR LEEZEN A O&E 2000m XY &
WG Th otz iz, AL — 4 — THBREERD
IZHE I o — AR S kA e 5 = a —THO FIRIL,
WK 3km Tdh - 7=,

224 2A7H~3RA 1 BEXDOEHA
20 7 B 18 g LAKE D 1B FEHOME KT, etk (SRR

N3 A1THI9RF23 5ETICA4REFEAL, 553
FICHEETa—2HKRHELZ. 28 11 H 113650
10 [5] B o> JF6 (g ko (G BN L 2 M R B o ok
A%k 2500m) 1%, fT7E - @A —&—Tik
11 Bf 36~43 53 Edk 5.0km, FEVEE DRAW (Z24k
F— F) TiX 38~44 43T 4.8km OMEM T o —HE
JEDMENT S v (Figs. 17 and 18).

2241 28148 056 07 D IERHEMERDEH

(BRI : Figs. 19-23)

2 A 14 H 05 I 07 433 L7 11 B H OB
MK TUE, FAE ORISR 1.7km MR O HER T
2011 FFIBEFBIE KD 5 B R & 7 D B KIRIE 16517
pm/s ZEHP L, KE S S~1.5cm DKL =R
ANART D CHTRR 6 0 A R KR 16km HisR) & C
W LE (RE7, 2011a). Z OMEkix, BERAKFEC
FAELLTZD UMROT AZ AT 06 FEETO 1
REEREK B 2.0mm, &KX IE 3.2.4.1 Hi Fig. 74
TaY), mEBBNC L H2EESEIAATH 2.
KRBV —HF—TIIMER Skm R XY FETEK=
T—RH0 o TV, BKIEAER D 05 I 08 47

CETHREM L —F —TIBBICHES =a—BREm s,

KT a—3REE T 54.6dBZ, & fiEHT S =28, Z OF
RO a—THTERT a— XV IR T cEeno
7= (Fig. 19 £%1). 05 FF 12 bR B 1L — % —T
bR, mL—4—LHbETO05HE19 o F
TR a— 2 R HR TGl o — 1%, HRE
ORALH 21.9km {F3T 122 THERM K& & 72 D #Eik
9.4km O TH = BE A ARAT S, [A IR A5 (S 4R 3~ 4km
A CHRV Y = 20— BREE DS e 58 S A 7o AT kL A
¥R L7z S dE 2 - Tz (Fig. 19 H151).

COEDEWEE T 3 — O EEIZRICHNTE Y,
ERIEEEE Y ORI T2 Yo &g L
MG L TCWD . ERRFFHHAFICE R L — 4 — Tk
Ky 77 —EEOBRBERD 150km L > UAHTIC,
FRE D S ARG BB T Dl = o — Tk L
TL—F—H A " HEIPLBHRM S MR L7
(Fig. 20). =Dk, TEOEET a2 —L@koa—
DEVIERBIZARABRIZ 2D, 05 BF 23 7 LIRE, &
MTE72< o7 (Fig. 19 £%). Fig. 21 IZ"T &
SIS, ZOMET o —THE TR R DRAW (1T
WE—F) THARL—F—L0vEL, 05K 14 5
B HRE o db B 10.4~11.3km #5228 THEIK
8.7km, 17 ZrBIC AL 17.8~18.2km Hi 5% 122 Ciff
h 8.4km & fEHT L 7= (Fig. 22). 7277 LYW, JRATHE
T—FTEASRTWEZ &, HENLRT B
B L7220 R IR It S hi- 2 &, BEKIC X
DI L OB LY, DRAW HIK Tl IR
AOEETHARZENT W e hoTz. £ Ry 7
Z —HFE1X, DRAW OGN L — & —H 1 b LIEHO
PEBEAS I <, BURBEEE 23 B\ 72D, RRIC S A T
RGP DA M ~0BE A B S 7z (Fig. 23).

2.2.4.2 2 A 18 H 18 Bf 16 S IR FHIE K DB

(BB % : Figs. 24 and 25)

2 H 18 H 18 RF 16 43IZ 384 Lz 12 [ H OBERH
Mgk (Gat BN K 2 M & Lk B B 3000m)
T, BT O B RM, BRI O
Hrm L IR A BT, REN R TIC A O B
FHUC B SR 3AR AS o viv Tz (RIE - fh, 2013b). 20
L&, BREB/TWROY 1 R7u7 7 A7 08E
T GPV (& H® Fig. 79) TIid¥k Skm i LY
R CHE R, ¥R 2km T LY TRECHR~JLHEA O
EYTRNBEB SN TEY, 2 chb iz BIK5y
FOHMEFIE LTV, 0%, 18 B 46 43D
S C I S Tk D& b 1000m TH Y, 19
B 55 £ TRV, Zhicx L, BFE - @
&AL — 4 — TIL 18 B 18~19 /3T kN E E T
th 5.2km, 21~29 43I Fg 718 TRtk 4.4km OWEfE
Ta—Z@I L (Fig. 24), EE DRAW (%<
— F) TIE 18 If 18~19 4312k A Bk Tk 4.4km,
23~25 HICHEAELOHEETMICEEE LT b
W S5.4km OMEE T o — 2P L7- (Fig. 25). R
el (2013b) 12k DL, MUEERZEERDOL—F
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BRIRIFERES 77 B 3 5

—FU—ICRE SN EEERES AT T 18 I 21
SEICVEY 5.9km OMUE S E R RfT S L TVnD. R
v I —HETOTRO L —F—TH RS i
> 7.

728 2011 FITHRIE CHRAE LICEFRME KL L
TiEmteesd, 3A1H 19230 13EED
BRI ke GELBENC L 2\ &EE - A8 X
R[REV—F—TobEflr a—RNRmEniinoi
IolEfETBELV—F—ILEAKIELTRY, &
L— 4 —HETHRANTE T EMABRENR K E 7
Mol-tBZEZOLND.

2.2.5 3 AUBEDOEH
BEREIE RN FA LR o723 A2 BUBLHK
FEWNIE R o — N ST

2251 3813 B 17K 45 2ENDEH

(B9#E X% : Figs. 26-30)

i R TR om0k D% 4000m (2 L7z 3
H 13 B 17 Kf 45 53 DMK TR O 5 W R R Y, THEE
WE LIWCER L, FREORMTG MmN, K
JK & & BIZKRE S 4~1cm O K LEEDSE B R T
(FT G OFF A 9km M) £ THT L2 (KRBT,
2011b). Z D% bMEKITMkAE L, 18 K 15 sy D
BN X 2 W & Bk D& B 1500m ThH o 7273,
18 B 30 3O EICKVEENHERTERIARY,
18 W 50 43 ICPREHIRIE 23 B UEE DL Fic e o 72, 2D
WK LT, B AR LY —F—Tix 17
WF 57 43 BB O SR 3 10.3km 37 122 Ttk
7.6km, HEE S DRAW (ZEIRE— F) TIL 56 /IS
HEE MR 11.1~12.0km (L—X —H% A FDH 5L
ZEH O HALH 28.5~29.4km) M1 FZ2 TS 8.8km
O = —THE L & 4T L7~ (Figs. 26 and 27) . HLi% -
fin (20132) ITL D&, 2L XFEIBZEEOBEK
BEAr AT TidAd 72 < & btk 9.0km P L o WE I 5
DEEFr SN TWDS. %KL —&— TR S 7z mg -
a—TAE E ORI 2L % Fig. 28 (274 . 1 H 26~27
H o#ERIE k0gG& 0546 (Fig.7) LRy, &
TR -mEAR LY — 4 — & BIT S DRAW O IR #E
HRETIRLNAT, ZOFEHTEIZa—MED L X
WEAEWICH DL S THEIE DRAW O 523 FE W
WA PR X TV DL ZAVIEEENL S DRAW 0 5 S ELHI
FRAEHEETH Y, EIAPSEIAIZAF ¥ v

LCWb7® (Fig. 2), LA FomELZ K51
— X — L OFEMICBBCECVD I EEEKRLTY
4. 2228 TR L HIC L —F —TIIEE+ T
ZBETE DT TRAVED, TOxa—THEE
A A X v T BHA IV TICRELIKGFET S
CLIZEBETOMNERDD. T Ny 77 —#HE T,
PR L—4&—T 178 56 53~ 18 B} 02 /32 T
s 1.4 & 1.2° T (Fig. 29), FEIRE DRAW T 17
IF 49 53 ~ 18 IFf 04 431223 T 1.7~17.4° T
S (Fig. 30 IZ—#BAR7). 20 & ZTmAE5H
STl T LB Bl s Tk
OF, RERKBREL DR FRETLTNDLHI &N
REIND.

A AR, BT L DM A kO -
1000m ToH o723 A 23 H 08 FF 23 /3y DOME K, FE
TR =TI LN TETS, ML —F
— Tl 08 ¥ 28 43 05 B ~54 BT A 0.4~-0.7° ("
JE o o —THE E R 4.7km), FEVR B DRAW (ZE15
F— F)TIX 2957 19 B ~54 I 2.7~4.3° (¥
P 3.5km) TEII Sz, F OGBSV
THMA Y — 7 v ZADRENBEBEIIRD.

2252 48 18 H 19 8 22 HIEKDEH

(BYEX % : Figs. 31-34)

4 Al Ao CTHIR THRBAFER I N7z 2 BIOE KD
25, EEBMNC X DM & A K A& L 3000m (2
7po7c 4 A 3 H 08 IFF 41 43 OWE K THLURA & 7z M
Ta—THRELRKTa—WEDZ, F1rE - RBEs
L — & — Tl 08 B 47~49 43 2#EHk 7.0km (kO
% Ef9 5500m), 34.7dBZ., FE!ZE DRAW (22
— F) TIiX 08 IFf 46~48 /7T ik 6.5km (7 5000m),
48.5dBZ, TH o 7-.

2011 R B ORI T#AFER SN 4 H 18 H
19 I 22 Sy DMk GELBMIC X 2R E - kR
& £ 2000m) TIE, BEIK & & HITRIK 2em Dk 1L H#E
2 i B VG 3 PR = ST CBTRR 6 00 Y 9k i1 AR)
ETHET LE (KREJT, 2011c). T DO#% bW KTk
ot L, 19§ 52 43 iz BRI K 2 "0 & ix ok n
f&x E 600m, 21 Rl CARH & oo 7228, Kb
EhiL 23 RFS3 0 E CHkFE Lo, ZoomgfEicxt LT
T - wmiA R L —4 — (Fig. 31) &L E DRAW
(ZeikE— K, Fig. 32) TR Sh7-mffira—TH
B O BML & Fig. 33 ISR, BFE - & WAk
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KRBV —F— « R LD KR

U— X —OF R 19 K 26~29 53 W 7.1km (K
H#x % 5600m), 40.2dBZ., FEYiE DRAW TiL 19
F 29~30 43 IC#EH 5.2km (59 3700m), 46.7dBZ, D
RRMAMNT SN CTER Y, DRAW T[] R H 120
fi1 21~6.8° TL—F—H A bbb~ ND
Ry 7o —dELRE 7% (Fig.34). 4 43 M
KOFH & D &, M o —TH & T R AR
RIZ b Bdo & 9 mIFEBE DL B oD fe K= = — BREE 3
BrEan Ty, 4 H 18 HMWE KD J7HIME R ORI A
REMoTLZEBRBREND.

23 RRITI—BRELEFII-TEEEORHRK
2011 4F— AR NS FE 1 5 - @ B A R L — & — CRLI
STz, HRED D O KILNRELKROMEE T 2 —T8
w & (MEHk) % Fig. 3512, K= = —5RJ% % Fig. 36
R HARBICA Y BRAKOEBELHY, 6 429 H
11 ¢ 50 3 & R BICEEx o — [ 3REn st o
7= (k#BoEAkKTOH7TH). FMoza—THEED
&M 2 A 14 B 05 B 07 4y OIEFEAIEKITHE D
9.4km ThH Y (2.24.181), =a—iREX2EH DK
7Y =—RMEKIZH=D 1 A 27 B 04 B 00 /31
57.8dBZ, DI RME &Rk L 7= (2.2.2 ). 2011 4
FAE L 13 BEOBEBHE KD S L, Bl a—
10 [F18 L 7=

2011 FRICHE 70 - AR L — ¥ — CTHT S T
FREEEOR KT a—8E Z L okOkk B2 S Hl
olcxma—TH&EE H OBk % Fig. 371274, B
T, KO LEENT L A THREOER X
DARWIE S = o — AT Sz 3 FHH & R < 5F 188
FHITHD. WS = — MK D e 7 M
Ta—%X, BTV ) R KITHE D EE T
a—%M, TSN EOTH L., #7U) =—xXg
KOWMHIL Z,, H & bICRERMEERD N, 7
A MK TR L BRI FE R I K& e
H %W 5HZENHDHNZEDH%, H T\ ME 2 HEFE
LTH Zy TSI/ S b ElIARLND.
72720 2251 fi TN/ 3 H 13 H 17 IFF 48~49 5y
W S Z, =53.9dBZ,, H,=7.2km as.l (k
Hik LK 5.7km) OMEExa— 1%, #7 Y =—xg
koL xICBUsh-®Z,, ®H Z7NV—7ICRT
5. TS T XTOMATEIT T 2 [EF BRI,

Zm = 8.1+ 46.3log H,[dBZ, | (5)

ERE- (H OEMIT km Cknfglb))., =a—
TREE Z, & WO e BIE R E H O PR 7o BARIE
BBIZUTOEZEXZDZENTED (BB -
BUE, 2010) : QRO T I —FREDT L - NLEH
X, MEENER O KUK ORI D BN —E EARET D &
BRSO ICEEND KUK %En & LT,

zezlomg§:D6zlomgn+6ongthJ (6)

LD EHIT, MBSO KL RE R —E T
TR — B L ARUET 5 L H R E #13 nD? 1 L
ToHNE, BEEIKTH CTHW TV D Morton et al.
(1956) \ZhhE DHE B L H 3 X OME Kk O fikit e[
T ORI (Bl 21X, #ri - h(2010)D(A2)) %
Hwa &,

nD’ ~ H*T (7)
(NHXEORXICTRATEZ LiITLD,

Z, ~ const. + 40log H +10logT +30log D[dBZ.]  (8)

LY, L= =B O R B RO (5K D
log H ARTFMEIZ@) R EFLIT 5. =L, O)XoE
Ik B2 B AL 7o B = o — SRR KRR D R
EZ HACH LTSN Z, bR ICE £
TEY, QRO EHTIIL DREEHEEL T
WHZEICEET S, BHEHARON SN LK
Wl Z-HRARZR DA Z L35 %OBETH S.

3 REBECTHASIALNURE

ARETIE, 3.1 BIiTKILRELZBR L TWDHRG
BEOBEIZ OV TR /%, 3.2 Hi THEA VAAC
75 2011 FFIT 184 [B] DR ZE #& K IR ) (VAA) % F&
F LIZHRIE O KWK EDORHERICONTE & o
THET .

31 KWREZHALE-K[REE
1) SREHEOHRE

KBTNHE, EHL T ERSZ BNEREOE
DY 6% (MTSAT-1R), 75 (MTSAT-2) 1%, Eih
ZHHER 0O B 140 2, 145 FE O R E _E 2249 35800km
O M EGEZ #ERO B iR L [ Ul E TR BT 5§ IER
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BREERFEE 77 BE 3 &

SR T, MR EOR CHiH 4k L Tl 22
EWRFRETH D . HMEROBRAGIIIIE F I BIH X Z
—HEEN LN LN LEA~TbS.

AR TdH D MTSAT-2 28 1[5 DN B9 5 B
M RERBU 235 30 47, FERBLIIZAA I 150 TH D .
WH AT Y2 — B0 TIE, 2EEHN 1 B 24
M, deER@EA 1 A 20 A, %*%ﬁﬂﬁlﬁ4
[F4T 045 72, LEERTIE, 131 30 59 2 & ICE#
EELHENTED.

HHEEE T D MTSAT-1R 1%, 2011 4FJE 0 b fif 22
WOLRRIREITE BT D720, BEHOEL L
THPICEBEERR (BAERE 5~10 MR CE
) N EHE ST DL 2011 G FE G O KRS
i R D v B EE LR A3 SR S 7z

Q) BHE U —DOEHH
MTSAT-1R, MTSAT-2 (21X 5 DD EH 285
étyﬁ—ﬁ%ﬁéﬂfwé.%ﬂ%n®ﬁﬁﬁﬁ
72 [ /> f# BE % Table 2 127”7 .

kMF%®ﬁM’ X, TINS5 ODEEROE
B e bz, FRAHEE (R1) EHF 2 @G (IR2)
@ﬁ&ﬁ&%%@otﬁ%%%@@(w)ﬁm<ﬂ
HEhTns

"B, MmM2®fﬂ%w/zw %, 4 A=
FOREAX v HRIZH > TRRD 2 A4 X (R b
FATIARX) ORERDY, KR/ A XAPBEEFIC
B b IR1, IR2 B LXOKEKES (IR3) 2%, /
A REBWT DT DI/ A ARFILEEA A ST
WD, ANTAT ) A RAORBEEBRL T DR E
YW T, MTSAT-1R X 0 & kLR E o) 52 #E
LWEBERSHDHOT, EEBPVLETHD.

3) MURZEIZHT 2HEEZROF A
(7) FRHEHR (IR1)

TRAOVEE IO EREORWE Z A2 5 (A
), BWEIZAZERLS (BL) RALTWDL D
Ko @E<E\EDNER ST KINKERBEA SN S &
BRIZAS RBLEND. FRAVER O ERE DT
KIRELERGEOEOHBNITEH L WA, KILKED
FraE B L CEEE R K 2Bl A S LR T
GAEND L. KINREORHE LT, Okn
MHIRET DL, QERFEET L L, QRN
oL EBIHEM L AR LRA F~EEn T Z &

RENRDDH (HEMEHMFREE - MLZEEK K LKE
Mtz Z—,2003).

() R”HNEDEHZR (SP)

RO ZE G (RO & R4 2 {5 o N B TR EE
xR oomig) 1%, KINKEORBICRBFA S
NTWDHEBRTH L. RO EG (IR1) & AR 2w
(IR2) JF T KRR D & BT D KK ORI D
tw&ﬁ%f%éﬁ,bfﬁ:mzmibﬁm%b

DOWUL DEEEN K E W2, B OKERRE &K
[EBBLELEXIFIIRZODZRAF—ENIRL LV
BH7e 720, IR & IR2 OBEEIRE 2 (IR1—1R2)
FIEDHEZERS. —HOKEDEDYEE, IR1I—IR2
BECHEZERS A, AREEZELKINKEDLA,
W OKER I E OB R AT L, IRI O X
NF—FITIR2 LD DR R 572D IRI—IR2ITA
DEEIRY, [KREOEZEOLAEHITRD. — I
TRANZES TG TIL, ESERRELRDIFEML (B
<) RETH20, KKEIHL (AL) KH
Ihb.

KINKZEORKAZEE LT, RNy mG 1k (LR
EOTIroDRX VX —BOELZFHALTNDL72D,
Thb DT XX —EPBHITE 2K D LR
EWKINKEDOR AT, RAESE G TAHL £H
SR, RO ZES RO B ROREEIT ALK O
LA L T RN EICIIEENRLETHD.

FTo, KRBEKBEFRECURIRM K 72 LT LR IZ KA
[NVZEICEENTVDIHEE, KEROEEL
F TR ES OB EIREENAOMHEICR BT, Rk
ZOWBTHBNRERZ &R D 5.

(%) 3.8um E{& (IR4)

3.8 m B TIE, KILDOME K0 KBIE A2 kS Ae &
W2 K 5RO SRR S, W EcHRuRe
LTSNS, ZoBWHEIE, BREELR Y b
ARy FEFEINTHD (REHE L % —,2005).
KEBBEE K TIX, MR THDLKAELN 3.8um H
BCTRIRBINDZZENDH Y, KLIEENRI A
BTH50L>OHMHE L 225,

(1) AIRE#E (VIS)
AIAEMR T, RS TS L 72 KB 0 5REE &
BALLEZLD T, KRN EZAEHEL (AL),

— 148 —



KEgL—y— -

Ve ZAERELS (BL) RELTWD., —iRMIC
KIWKREBIZEVESLSEH LV b KRR N TZDI
R WKEIZ R Z D52 EnH DN, AHEBOK
HEOHTKLKRELKBOEZHBT 2 OLHL
V. RATLENE T RSB & [FAR IS KR E O R R
EFHLCHECTHIT L2 ZENAHTHD.
MTSAT @ [ BB G IR B LV b 22 [ 722 i
BEENE T2, MOBG TR AEERIEATY
B TKILKENBH SN D Z EnHD. £z,
AIERIE KGO EEZ T D700, EL &HERN
EUVK LK E OS2I, ﬂiﬁi‘%ﬁ%ﬂ\‘)ﬂO) k7R E
OFMEICKUKREOENEUNTEH L0130 5.

(1) RKUREOSE#TE

BHEEGEZFH L TKINREDOSELHET 2 2
ENRTED. HBENPOEEXHET H-DIC >0
FEMTbh b, —o0F, R E&ICE 0 lE
SNTEEREN KUK EOERIRELF L THD
EARGE LT, $fE Tt (Numerical Weather Prediction:
NWP) @ GPV HEBMIC L DREOHE T v~
TANEBRST D LR, KIUKEDGE % H#H
ETLHETHL (NEEIREIC XD EEHE) &7

2). b O —OOFEIE, BHEEZ O R A -
TKIWKREZBH LT, ZOXUKEOBE FH &
HEZFEH L, NWP 7 — 2 L@ E 8N L 2 mm -
JEGH & i35 Z L kY, KILKED & E = HE
THHETHL (IBEICXEEHTE) L75).

32 HBMEOKLUKREDOHEMER

AEITIE 2.2 Hi & FERIC, WM Z L ICKAHET
B S KR EIC SO W CEAGMITT 5. FIFL
TR 1%, MTSAT-2 S 2EREA (i 37 &)
EARERELR (0 06 43) D 30 S F ik 1 IR
R OB {5 T, MTSAT-IR 3 mBEBR D 5 55025 14
W%@ BTH D, —MIHE G L ITITBLRRE TR
SN WREZI B3I 2 2, Afe T, MEKEEZ &
DHBERDICT D20, B4 & L THRE L2
DEERELEZFE L.

£70, AETHKLHEOHGE S KILKEDF
BEHEEZIT > TWAHD, RN TILKILKESED
KEGEZFEHLTWLE®, ZToHEEEILT
L kDEEFLCRLZNVWI LICEEEET S,

WRIT L2 K e g )

321 1 A 26~28 HEXDEH
(1) MTSAT-2 BE&IZ & 5 K ILIRED FEHT

(BH:# X% : Figs. 7, 38-66)

MTSAT-2 B ClidR 4 L —4— XV bR, 1A
26 H 12 I 06 53 O AT R 5 5> & e BLA~FR AL D K LK
ENBRISNTZ. =770, ZOXKUKEZSENE
NI ERRRDEDR @@t@fﬂﬁﬁkf%#

B TIIBRTE R o, BAOBRENRKEL 2
72 15 W 37 23 b AR S EG & RSN E TS T H K

HKEA)DBR S D L5120, 16 IF 06 /0D
%L, BRI KR EZEA) R HRTE DL LIk -
7-. Figs. 38 and 39 {2 26 H 16 K¢ 06 4y D R4 Hi#g &
ROV ZEG WG e R

ZOBOBEBTH KDLk L7 kLK EA)
OEHPIBH S 7=, KILUKEQA)ORKE&EEX, 17
W 37 43 & 18 F 06 47 D FRSME 5 O ¥ B IR )% -27.1°C
M B 6600m & HEE S AU7-. Fig. 40 (s s FE 8L
W AT D NWP 2 N4 L 72 26 H 18 1§ 10 43 D $h
BH7a 7y A NVERT. F72, Figs. 41 and 42 |2 26

H 18 I 06 43 D RSN fg & FRANE S G 2”7,

— 705, KINREQA)DOBENTH 70kt T 500hPa 1T

DEIZKE L TEY, KILKE O & EIXEH 5800m
LHEE ST

26 H 19 FF 06 7 OB D, FHrizlZ K07 b H
T 5 KIWKEB)OBEERENLLEL 2D, Fmi
HLMBIICZE L., ik nbmEHd 5k
HWIKEDFGENRPRIEL Rl Z L ERLTVND.

ZOKILREB)D K FE R EX, 20 K 37 43 DR
B 12 D B S 1R -8.9°C 2> HYEH 3000m & HEE S 7.
Fig. 43 |2 55 & i LB S AL 0 NWP %2 N4E L 72
26 H 20 B 40 Y 0hiE T 7 7 A LV EIRT. £z,
Figs. 44 and 45 |2 26 B 20 B¢ 37 5 O R4 E# & Rk
B A R,

—J, KILKZEB)OBBENL, PR 30kt T 740hPa
DR E xS L TR Y, KILIKEO & EIXHER
2800m & H#EE iz,

26 H 22 I 06 27 DARSVEHE N D, Bzl kAN
BURH B A~PE AL 2 R0 S0 08 IR MRV K LK ZE(C)
W ANEE & 22, ARSI D KUK E(B) & R
HIZHiAL 5 KR EC)D 2 FFm~iiir 5 KK E
DB S 7.

FFE B A~JEAL D H 72 70 KUK 2B (C) O fie ) i FE 1,
27 H 00 W 37 4y O FRSMNE G ORI E-14.1Cn b,
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ﬁﬁ%%m&%ﬁéﬂﬁjﬁ46’%;ﬁrﬁmﬂ
FUATIT O NWP %2 NHfi L7z 27 H 00 I 40 43 DR E
0”7y A&7, £z, Figs.47 and 48 {2 27 H 00
Wf 37 2 D ROV G & TRAN =5 G & R T,

—77, KUK ZEC)DO B IX, HiH I 45kt T 700hPa
o B E IS L TR Y, KUK E O & E TR
3100m & H#EE S 7z,

27 A 02 I 06 4y DARSMEAG 26, KBNS FIRIC
A B U HE 0D S5 [~ JE AN 2 R B IR EE O 4R kL R
E(D)DOMEH A B S iz,

Bl KINKED)O E @ L, 27 B 04 B 37
5y DRI B G O BEFE IR E-25.7°C > HHER 6300m &
HEE X du7c. Fig. 49 (& I i B 8 0 R A5 O NWP
AW L-27H 04BF 4045 DE 7 0 7 7 A V&R
9. F7z, Figs. 50 and 5112 27 H 04 Ff 37 53 DRS¢
g & ARAES B A R T

—7J7, KILWKZEZEOBENIL, H 50kt T 500hPa 3T
DOEEXIELTEY, KILKED R E LK 5500m
LHEE I,

27 H 05 B 07 3 DARSEHR D, BTk nns
2 KIIREE)OMEREN S 20, MK
FIA~HARICTHEN D L 9 ICR o7, ZHidkOn b
HT 2 KIWKEOEEMES o2 L& RL T
5.

ZOKWUWREE)NL, SENMENI ERLKRDOED
%%Tﬁ&mE#EmEéﬁﬁfé:kﬁ%Lw.
Fig. 52 ICHBREAFIT O NWP 2 N4 L 7= 27 H 07 BF

05 DB S 17 7 A4 V&Y. £7=, Figs. 53 and
541227 A 07 Bf 37 5y ORI E B & AR 2255 i,
Figs. 55 and 56 {2 27 B 12 B¢ 37 45 D R4 EI 4 & R4t
B A R,

—J7, KWWKZEE)DOHIIL, #HE 35kt T 750hPa
DR &3S L TEY, KIUKED G E XK
2700m EHEE STz, ek, ZoOXLKETIRSE LV
— X = TEHRENMEN DRI TE TR,

27 H 16 FF 06 43 D ARSNE R THi 7= 70k & v 97k
WK EFE) BB S 7z, ROV ES BB TIERBEDOE
DB L0 KUK ETH R TE RN T2,

KIWREBF) O m X, 16 B 06 53 ORI E %

D FEPEWRFE-17.8°C H> b 5400m & HEE S 417 Fig.

57 T Fe e LM e AL M RUAF T 0 NWP & N L 72
27 H 168 10 3D E 707 7 A VERT. iz,
Figs. 58 and 59 {2 27 H 16 #F 06 2y D AR SME 4 & AR5+

B A R,

— 07, KILIREFE)OBENIL, HEFH 60kt T 500hPa
RO E 3t L TR Y, KILKEO & E XK
wmm&%ﬁént.%@‘ﬁm%%zf*@mj
L7e KWK ZEF)E, 15 FF 41 57 OIEFE A K I
LorEZLND.

27 B 16 B¢ 37 Sy DR FEST B B, B T2 Ik
PED B B K E R T KILKEG)P B S iz,

KUK ZE(G)D Fe i 1L, 17 BE 37 4y DR oh i {4
D W PEWRE-20.4C H> b 6000m & HEE S 47 . Fig.
60 (ZHc s E B S AT o NWP 2 NFE L7 27
H17WF 405 O E 7' 1 7 7 A /L% 7”79 . Figs. 61 and
62 12 27 H 17 W§ 37 53 O FRSEIMR & AR B %
Y.

— 07, KWWK EG)D BB, B FE B 60kt T 500hPa
FHEDE E XS LTEY, KLKED T 5800m
EHEE ST

27 H 19 B¢ 09 3 DARHVEIER N S, B2k G
W D KR EORERENS < /2, MR E
PEL o2 EER LTS, KILWKEDEE T
K[KEDEDOYBO L OHEEEGOMERESBE T
RFEEL D Z S T# L.

D% b/ Kk L T Ted, RO
EORBIZLD, 20 FF 37 SOBEE 5 KA L
T 2 KK EIFBH S 72 < 72> 7. Figs. 63 and

412 27 H 20 I 37 5y O IRIVEE & RO E S iR &
m?.iqug&ﬁaM6ﬂ 27 A 23 BF 37 4y O
SRR L ARSI & R T

ZF CHEREBE G TR S L KUK E(A)~(G)
OBENT, K (2011) THHEAM SN TWDH LI
A - JBGEDEHEELOEEEZ T TCND. ZDZ
LIRRL—F — O o —THE E ORI Z &
LELS LTV, Thbb, KBL—F— T
nr-xa—TgEE (Fig. 7) NEWIZE (B, O), X
PR 2B T g ARV R L 0 B AT ANk S iz o
1Zxk L (Fig. 48), @\ &% (A, D, F, G) (TR
IR D - THF A% S (Figs. 42, 51 and

62) . 7 52 1 4 D AT L 0 HEE U7z kLR ZE D R E D
RFRI A b %, Fig. 7 ICAMCTER TR L. fHEH
Bl —F—za—TIERRELELTWVDKLKER
SERIE—HLTWE DT TIERWA, FHEMmMITL
— X —fpE L VBN, L—F—Dx= a—THEEICH
RCHEOEEEEO T PO SN D, &
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KRBV —F— « R LD KR

D ERBENCTE TRBY, KRERZLOMEmIEgaLl
TWiz. FIZIE, 1 B H OMBREAINE KIS S kLR
EFENWCHEHT D E, MTSAT-2 O & @ ©I13fE 1
B Akl —2—Xv 19 55#Ei, 500~900m
K < fiRAT S 4Lz

(2) MTSAT-2 BEBIZK B KILIREDEHMNY
(B % : Fig. 67)
—HEOEKIZEVEH L KLREE, MEORE
b HAROEOEFRICIEN Y, HERMERR (26
A 15 8F 37 43~29 A 07 B¢ 37 43) &b 7o o THSL =
SHEBE TSN, B0 LBy, OOk
T S A3 7R D Ak AT B 7 MR RO T M K 3 T Y
WHAEL, KILKRPkA @it sz, LB
ETFETEME - JBEDEWRD D, kILKE
DIRIR Y b M7 340 & 72 o 7=, Fig. 67 IZHRI %5
g (26 H 20 B 37 45~29 H 02 HE 37 4y) THEIA S
NI KIIRED 6 Wi & O %274, Ei T o
2 4 C B AU 7 SR 03 R TR C AR AT STz kL
JREDOHIFHZRLTWND.

(3) BREEBOEH A

(E9#E X% : Figs. 68 and 69)

3.8 um B TIX, KEGICDEEN WK %
DT K B R CER A R T BRI B S D
EeRHBH.1H26~28 HO—HOMEKIZBNTD,
26 H 15 B 37 45 ~27 W 08 BF 06 43 & 27 H 16 ¥ 06
Sy~27 H 23 B 37 4D 3.8 nm 5 E  CEVE R 3
B ENT=. —fFlE LT, Figs. 68 and 69 12 27 H 02
RF37 3 & 1I8MF 06 0D 3.8 um Wi %2 ~d (AR
Fll) .

) MEETOI—NVILEBAZER

(BB X% : Figs. 70 and 71)
RBETFPEEBEETEBL WA 74 A —H
Wz —m Yy VBRI L nE, KILRERFEES
ZWiB L7 1A 28 B 07~09 BRiZ i) €, KRLE
DWW BEERT = —a Y L HFEHE S (Aerosol
Optical Depth: AOD) BN KEL 2, =—n Y LOfL
FOREESZET AT A bu—03EH (o) 2/
ELl ootz (Thbhb, =—a Yy VORENKEL
mol) ZERBEINTHWD (RITREKSEH
B —a Y VELR O FH BRI X D). Fig. 70

ICHEBEBICBT —u Y VBT — % %2RT. =
—a VBT — &2 AL L7 RERIH (28 H 07~09
WF) &, JRONZESP MG TRREAT L 72450k o KL R E 3
MEmEEZBRB LY I VIR —KLTED,

KIWKN=—m e LTHA SR EBXND.
Fig. 71 (2 28 H 02 F 37 43, 07 F 37 43, 14 F 37 43
D IR FE S B 2 =T

322 18 29~31 HEXDEH

(B:E X% : Figs. 72 and 73)

MTSAT-2 B Cix, 1 A 29 A 08 K225 31 A 16
RFE TR A2 BB I K IR ZE 2SI LT 2 kR
TR ESER TR S, ZOBIIREDE
BDIEMR 2 TN Z ERHEIE S ER Koo/, H
BEGIZE D KURED & EHEILH LVRLTH
>7-. —fl& LT, Figs. 72 and 73 {2 29 H 20 Kf 37
5y DIRINEG & RO FE Sy Wi A R T, M MR
Wi, FROAVER TIEKILIRE (A THERE
#PH) OHBIITE AL TERVD, RIEDHEG
TIEAILRE 27/ 2 A WEEIR A K 12 5 A~
JRIR > TWND . ZDHOEEBE B TS kLK EDHE
e LTI TX, 31 B 15 8 37 04 £ TAILIK
E kR L TR T X 7.

323 2R 1~7TBOBERMORKR

(BYE X% : Table 3)

1 A 26 B bW —#om kL2 A 1~7 HE
THEREL7Z.2 H 1 BH~7 B 16 FF 30 5y £ TOEBEHEN
KB L O kDR Ek L BE (MTSAT-IR &
MTSAT-2) TORRARDPLZ Table 3 1237, MkEAY 72
MR RFEA L T2, RIREG TS I K
WIKENBR S DRI TH - 7.

324 2A7BUROEERMORKR

(BB % : Table 4)

2H 7HI16F30%~7H 31 HOERNE XL X
OMMELJEE &) B2 2500m (UK H % 1= 1000m) LA LWk D
S0k LR (MTSAT-1R & MTSAT-2) O AR N %
Table 4 127”9 . BETHRAMI N2 oo kI, T
RCRBOENZ VRN ThHoTz. RBEDEDYE
DS7R U AT, MEJEE v B S EER 2500m R oD K LK E
i, BEHECTHRMISh TN
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3241 28148 058 07 D IEFEMERDEH
(1) MTSAT-1R E{& (2 & 2 F1H O X ILIRE D 47
(BEX % : Figs. 21, 74-77)

05 ¢ 07 43 DIREFEBIME KIEARE, BT L22ix b
J& b T aim o LR EE CEEIREIC X 2 & EHE
TITETHSE 1T 4000~5000m) (2 b TV
(Zo bz —F—MmE% Fig. 1912, 14 H 09 IFf
@ 500hPa [H K& X % Fig. 74 1Z7x9). 05 Kf 13 50D
ROMER TIE, A ORERITE L, OO EIR
Eowvg (21C) BEHl s, 05 K 23 55 DR
W & AR ESEE TIE, MR TH DK IWLR
ERBR S, & 0@ TR E G o8 R
32.7CH B HER 6800m SHEE SN D, ZOEET
1 H26~27 HDHET Y = — G kD & & (26 E %
NHEESINTEREEELY LEL, KRBV —F—
OWEr a—JEFETHR CEmA R b7, Bk
BHAE DN B 120 53 %% F T K (LR ZE 0 F I8 B 1R FE L
ESHEESEOHR & Fig. 21 I[AK TEQ TR
T KR E O e @ B T kA D 26 3tk o
05 WF 33 Z3 (TR FhH 1 OO M BE IR EE -34.2°C 2 & ¥R 3K
7000m & HEE S AU7-. Fig. 75 (5 s s 3 L0 i s A~k
YLD NWP ZNHE L7205 B 30 5 0E 72 7 7 A
V%R . £z, Figs. 76 and 77 IZ 05 F§ 13~53 4
ETD 104 Z L OFRNEGR LRI ZEDER Z =T
0 ZLomBEERREZRMRTS L, KILKEDR
S BEPEIRFE OB E S 2 5 2 & b lem @ JE O
KRN Ed 5.

—J, KIWKEOKEIX, B 100kt T 400hPa {13t
DR ERIELTHY, KILRED & E LR U< Wk
7000m & H#EE iz,

(2) MTSAT-1R B2 & 5 KILREDEH Y

(BEX % : Fig. 78)

MTSAT-1R B2 X 5 &, kLKEZ EFOFER
S, WEOR? D RER~BE L. #HE
W T, ERTERIEO EFBEoFEEIC LY kL
JREHHILIZS WIRITH D, 12 FF 13 3 O i{4:
TREDEL —{K{L L THRIAR L 72 572, Fig. 78 I
14 H 06 B 13 53 ~09 Ff 13 2y £ T 1 Fifi] 2 & o
S eSS 2 R

7B, MZENSIE 11 B 35 SICF T REBOM
1ONM (9 19km) Tk 6100m D K LK ZE NS BLHI S
Nz EnfEINTND

3242 2H 188 18K 16 N REFEME XD EHI

(BE X % : Figs. 79-81)

18 B 16 45 DIBEIEHIME KB, FTRIZAR D4
BOTREENHMAEL, BTN 7riEo LEEIC
L0, KIIRENHB LI WRILTH o7z, ek

[H % 18 Bf 23 4 ® MTSAT-1R {4 T 1Lk O fEsB I
TERMN-N, 18 B 33 ORI EH TIE, R
BRI DR\ AL (-20.0°C) BB S H, 3.8 um H
W CIT VR BN B S v7e. 18 E 43 4y o R4
T, ORMEIRE DMKV (-15.8C) 2AELH
TE BN, RIS Tk LR E o fER 2 B0
HZ LI L o 7m. 18 BE 56 45 DRANES Ei T
X, BIBRICKILIREN KR TED LD ITho Tz,

KIWREOEEIT 18 HF 33 /0 L 18 FF 43 YO
THL S 7 R 2> HYEH 5600~6100m & #E
EENDEN, KEDEIC LY KWLKEDGEE OB
NTERNVED, HENKEWVWARERS SH. ok,
WLZEBE 7> & 1% 18 IF 23 S3 1T BRI A TR A~ S
Witk 5500m O KILIKERBR S iz Z &BRHRES
ALTW%. Fig. 79 IZHRIE L2200 NWP 2 INHE L 7=
18K 40 3 DERE T 1 7 7 A V&~ . 72, Figs. 80
and 81 1T 18 1 33 43 ~19 ¥ 43 /3 £ TD 10~17 4> =
& OFRINENG & RIS B & R T

—J7, KILWKEOBENX, H 40kt T 500hPa {13
DE LI LTEY, KILKEO & EIX#R 5600m
CHEE ST

Z OB OFREEBR T, K~BE LRSI
NN KILIRENBR SN, B, BRI AT
TR DGR TIIFE RN OEERRE SN TR
D, 2238 TRRTZL BV HRTEOME ST
IRPFER STz, ZHISKRHE LT, 20 FF 13 43 ~33
53 DARHFEL AR TILFE PSR B 3 2 /BB 722 k1l
IRELBHISNTEY, Z0D% 20 K 53 5 O E{E )
IR E 720 SN O T B A T 51~ 8 L 7. Fig.
79 DNWPIZ X B E 71 7 7 A /L TH 700hPa LL T
BREFRYORATHERTWD 72D, FEHLEE~
WMADKILKEZH FBOKIKET, KNS
KIWREF EEOKINKETH-T2EFEZLND.
ZD%, WP KUK E T 23 KF 23 53 D fRsb
DEBRTREDELDHNRTERL o,

3243 3H 138 178 45 B XD EH
(1) MTSAT-1R B2 & 2 MEAD K ILUIKE D fEHT
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(B9 X% : Figs. 28, 82-84)

17 W 45 53 OMCKFEAERE, JUMBEENIL A RO BEIZ
PO EROBEIME S RERL O OROEEIC
LD THEENBET 2RI TH o7z, EAEEZD 17
I 53 43D MTSAT-1R OFRIVEE TiE, EH»6 O
MK DORERITHE LAY, OO IRE oK R
(4.6°C) NBEITE 2. 18 K 03 4y DR MHi4 & R
AZEG R T, BRI KLRERBRISh, 20
B 1 AR A T A5 0D R R IR 2 -26.2°C > B ¥R 7100m
EHEE SN

Fig. 28 |ZM& kBRI 5 110 0 £ TO K ILUIRED
S ARG BE YL & 2 T B S < HETE I EE D HERS & S AR
TERTORT. KIURED KE&EEITEAREAEND
18 /3t 18 WF 03 4y DML -26.2°C 0 b K
7100m & HEE Sz, 7o, MIZEREH BIX 17 F 51

IV HREEATIT TR 6100m, 18 BF 20 43 iCiFiR
11000m DK LKEREP SN Z L Bn@E ST
VW% . Fig. 82 \ZHx s FEBLHIH s S 3T 0 NWP (2 &
5 18K 00 ;3 DERTE. 7' = 7 7 A L&~ T . ¥ 72, Figs.
83 and 84 |2 17 H§ 53 3~ 18 K 56 5y £ TD 10~13
5y Z L OFRINENG &R B AR KR
DOVEWE & JE D — 7 1%, 3.2.1 Hi(1) THEAT L 7238 M%
KR T DB E BB 0SS (Fig. 7) X 3.2.4.1 #i
(1)29)511‘i&ﬂnfﬁ**ﬁﬁé%%ﬁé’]”ak x5
HEBMO%4A (Figs. 21 and 33) L [FAERIC, L—XF
~@m:~@@ﬁﬁ$<ﬁmﬁ%1&ot.:@$
BITIX, MTSAT-1R @ &SI TR 15 - &M
HRL—X =X 65BN, 500m K < fEHT S 7.
L, FRZITBEEHNOEAE LV L TS,
itmméntmﬁi%®% Vil L CL—4& —TliL

FHIZHA CE e Ip o7z,

—J7, KWKEOKBIL, H 100kt T 370hPa {13
DR EXIELTEY, KILKED R E XL 8300m
EHEESNT. ZO®EEX, BT BEasLy—
H#— LB DRAW TS N2EET o —THE
V@EPFaﬁ'GE?)of:.

225 1T UHICHRRE L HICE DB Bk LT
WK NFEAE LT, 18 BE 33 Sy O ARSMEE N
KOO KUK ETR X D ICHEABED, konb
W T DM EE R Ro e 2 E AR LTV

0 Z Lt omBEEBNERMT DL, KILREDOK
EXVEBEHNAREE o7z, 20X 5 I KBk
T HEAEITIE, KOO KL R E O m o

WRIT L2 K e g )

EAERBR SN D720, KILUKEOEEELERE
T&EHL917 5.

(2) MTSAT-1R BRI & B MILIREDEMNY
(B9E X% : Fig. 85)

R EAR T E A LR ET EE oI S,
WEO~BE L7z, WEO I IO HE E
DIERREIC L2 EFREERR D 7272, Z0EL
— R L CRILIEREEIE 14 B 02 B 03 49 O [ {§ T A
WR & 2p-7=. Fig. 8512 13 H 19 HF 13 4y ~14 H 00 B
3 ETO MM T L OFRSNED G 2R

3244 4FA18H 198 22 HEEXDEH
(1) MTSAT-1R E{&IZ & 2 WH O XILIRED fEHT

(B3# X% : Figs. 33, 86-88)

19 BE 22 43 DM KRR, JUMIFFEIE A A HEC
DEFOEMIMOEEI L D MENIEL TV
N, BFRE LI EODLRWVIRILTH - 72, EAE
% 19 B 23 sy O F R EBR TIEKINIREZBI S
RN TN, 19 K 33 4 @MNMHR@%%EQk
RO ZESy W4 I, K A O I K LR E A R T
& O FE T AR A g oo 8 B mf60C#%@&
3300m & #EE S i,

Fig. 33 (& KBAZA B 140 0 £ TO K ILUIRED
BARMEEE R EIC S HEREOHS & R CHA

TRT. KR E O B i BT KD D 31 4tk

? 19 FF 53 53 OFEFEIR FE-5.7°CH> & ¥EHE 3400m & H
TESALT2. 7ok, 60 53tk LARE (08 B IR 78 — RF AL
TR TBYVREOEDOEELZIT TV D ATREMEN
% % . Fig. 86 (T & L BLI S AL 0 NWP I &
5 19FF 50 2 OERE T v 7 7 A V& T . F 72, Figs.
87 and 88 IZ 19BF 33 45 ~20HF I35 ETD 1045 T &
DIRSNE G & RO R & T

—J, KILKZEOBBIL, HEALHK 75kt T 500hPa
DR E xS L TR Y, KUK EO & EIXERE
5800m & HEE iz,

20 WF 13 Sy BARR IS K 0 HIE 92 KR E DO R

SEBROBEEIRERE 2D, KAPGEET 5K
WKEKLS o7 2 ERLTWVWE. TOH%, JB
DEDOZBEIZLD 20 53 570EMBHLKALLD
KINKEDOEHITBR TE R R oTz.

(2) MTSAT-1R BRI &K B NILIREDEMNY
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(B#EX % : Fig. 89)

—EH O KIZ K B KILIKRZEX 500hPa~850hPa @
JBUCTE S VTR > TEY, KUK EE & 725 I
SNz eBx o5, KILKRED JEiEaILH
75kt (500hPa fi1) TEHE L, BHIF, HFIF, #i
B A T, HMEE TR E e otz —
J7CH & OB KK ZE I3 B B 20kt (850hPa) T
gL, WEOR THRAKIZ/Z 57, Fig. 89 I 18 H
21 1343 ~19 H 05 B 13 /3 £ TO 2 BEf] Z & Dk
A FES B 2 R T,

4 FLOHESHDEE

2011 FEHREE KITEV, KRV — & —CTHIHS
Nl o— KRB SN KILKEZ
RN L7z B2 1 A 26~27 HIZHA L X 5 Zidife
B Tkt LT, RS L — 4 — TIEE R 0z ZELE

+- G R T & A o T M i B 0 B A RE R A8 b
%ﬁ%?%é:&ﬁ%%#u&ot.:wﬁﬁmn
— TH 1 B D RATRE BT, e IK o i T o0 1) 351 fiE &
LTHHERRZ ENRENTWSD (Hashimoto et al.,
2012 ; #idE - fth, 2012). L2 L, KGR TR S
N KIWUIREDIRN Y & O N G, FFEN RO
KBV —F —HETEEESTXTEFICERIENT
AN ﬁ%ﬁ%f%%ént%ﬁﬁﬁﬂfi%%

WEBE LY KUK EOFEMR BN TREIC R D
T EDIRE NN, %@%E%Q%ﬁgmg@%@

CEDEEHE CEKERICHTT D Z LITEE LW
HETHDH.

AR TR LIRS L —F —1%, KBITORKE
B Y o FUTHREREZHMET DL —H
—Thy, LT LHEESRAMATIEIRN. 207D
BN T — 2 & F\C L0 E RN e R 21T 5 72

2iE, (D), QRIEBWTKAKINKA L —%—FfRX
BT DMLER D L. EREKERIC RO
JEEBHT DL OGS, T L PPLAF vy o F
@%%mt<,@%%-%WV¥&V~ﬁ~&EE%
DRAW O ik TR 7 £ 5 IC HAYICHE L7 o —
TUADRER EBPTEORFNRLETHDS. K
Nz kO FrICEE LIMA %2 E/ls 2 RAT

(Range Height Indicator) A % v > T& #uiE, KL
JED XD BREOWMLUWBRRIIH L TEEAF ¥
THIENTE, BEREBOHRZ LT ALK kL
HEO PR AR 2 5T 5 b C B A W 0 R R AR

DR (85K - fl1, 2011,2012) ICb AR D L%
Z%hé.é%ﬁ@ﬁv~#VX%%kiﬂ~%ﬁ
VMBI & D AR A IS BRE AT, WS iR RE &
Dkﬁézaﬁﬁéé.:@%é,wkin~%g
O FRHTAE 0 Fr 7> & W = o — TE & JEE & HETE 9 5 121
G)RD LI ZZH EARPEDIC D EBLBND.
ZoRFRRIT, KRBT OB TRRKT a—RE
LT CERVWE D RBEAIC LA DI NB L
nina, ZZcEWE ZZHBRIZZ N E TR T
X LBVEZOREEFALTEY, HinlBllo
BRI DH X OEEIET 52 ERHETH 5. Ak
L= —F =2 b8 TE LAk H 5 HEEL
BHmRE LT, YoTIcL2EERN (B3 - b,
2011) RBLHIGAAEIC L ABER A (B 20, &I -
fth, 2011) 72 &7 Z 2 K b —RITE SO T2 BEIRIR
Z-RBEMRRH D (EA - fll, 2012). Ziid==a—5k

FEOMITEN O EEKEEZHET HHOT, L—
H— o T XX AEHRED X 7o B IREIHME O+ 5>
TRUVRPL T T 0> 5 003G R R0 B A e K 7 0 0D R RLE %
THO7oicbEERMTMHMEZ G2 5. &b, L—
H—TF = 2D < RR T O lE K IR Z2 33 5
RAEBITON TS (ZH - fill, 2012).

FE Ry FT—#HEIZONTIE, KILIBEOETN
WRIn/-1H27H8, 2H 148, 3A13H, 44
18 B X o kEFHTCIININL EZLDOL—4F
—THHE ST\, ZhIERSS Tk I h 50
JERORL T DO THENKE N0 L ERELT
BY, T2bblBRRE R E b2k LR
WEELTTEDLEFORTWEZLE2E®RT D, 4
HE QWA IC BT, KILEER E D XD R IRt
FrboTWerEMA+T 25 LTYH, BiRikieT
NV EMBEDET Ry 7T —F EDHH T4 %O
BMTHD.

BIEDKRE L — X —IC L DEEBBORR L LT,
HOA - (2012) THMIhL WD Lo, OL—
=W A &KL O A i B RIS iOTiﬁ@ﬁ
WIEERE 2 GV &, OBKIFIZK SR a—
DORBTEEZ -3 RIETERVWTIr—2A2H 5 2
L, @C AV FEEHZFAL TN Z EICEDE

TSR B /NRIE D K IR B T E RN T

Wz Bz, @OWE M k3 2 R ) iR B
BHLSAXF Y U LEXA IV TIHARLLAEL D
L, ERFEFOLNS. Zh oM LT,
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KRBV —F— « R LD KR

OUEROELRLEAD L —F =12, KK
WKAIWIZENE ZANL/NI NV E—AIBDORAD T
BEMICBR CE 2L — & —, @KKKLT &
AL PRBLF- D TR D TR PKCHIBI T & 2 ATRE M D
D _HFKL—F—, OEROK[IGMEICINZ,
WA Y] e 2 —RE D L EWERESL LY
BEEOX, Ku Xy FL—%—, @RKKL—F—T
AonohTnd ko7 =z—XRT7 LA L—F—|C
LBBUD, SBHOMERELRITHA).
K[EMEICL D KLKREOBBIL, [P —4—
WK DB E i LT, AT R A A TR
WHRICHEENRETH L0, RO L O
THEED K EGREZEREN L S dRZBEN, *
OFmEFZa—THRE L VEDICMITEIND Z &,
Fe Y IRE 21 0D 3 Ay 1308 LR L 0 s B LI o 5 8
FITHIEEa L. E, MERMOBEWERED
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Fig. 1 Location map of JMA’s operational weather radar network and volcanoes in Japan (as of December 2011). The
concentric circles around each radar site represent the distance from the site in 20km intervals.
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Fig. 2 Scan sequences of the weather Doppler radars at Tanegashima, Fukuoka and Kagoshima Airport.
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Fig. 3 Relations between elevation angles and beam height of the weather Doppler radars at Tanegashima, Fukuoka and
Kagoshima Airport. Red lines indicate the elevation angles from which the eruption cloud echoes of Shinmoedake
volcano were observed in 2011.
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Fig. 4(a) Eruption cloud echoes at Shinmoedake volcano observed by the Tanegashima and Fukuoka weather Doppler
radars (composite, 14:00-19:00JST, January 26, 2011). CAPPI images at 2km height at different observation times.
Times denote the end of the volume scan.
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Fig. 4(b) Vertical cross-sections along the A-B line on each CAPPI image (14:00-19:00JST, January 26, 2011).
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Fig. 5(a) Same as Fig. 4(a) (21:00JST, January 26 to 05:00JST, January 27, 2011).
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Fig. 5(b) Same as Fig. 4(b) (21:00JST, January 26 to 05:00JST, January 27, 2011).
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Fig. 6(b) Same as Fig. 4(b) (15:00—18:00JST, January 27, 2011).
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7 Time-series variation of the echo height of all eruption clouds from Shinmoedake volcano observed by the
Tanegashima and Fukuoka weather Doppler radars (composite, blue line) and Kagoshima DRAW (orange line,
06:00JST, January 26 to 00:00JST, January 28, 2011). The black line shows the plume height under visual observation
and the filled circle (at 15:41JST on 27 January) represents the plume height of over 2500m above the crater rim. The
magenta dotted line shows the estimated height from MTSAT-2 images. The gray dashed line indicates the summit
elevation of Shinmoedake volcano (1421m). Note that the coverage area is wider for the MTSAT series than for IMA’s

radar network.
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Fig. 9(a) Doppler radial velocities of the eruption cloud from Shinmoedake volcano observed by the Tanegashima

weather Doppler radar (16:00-19:00JST, January 26, 2011. Elevation angle: 1.4°). The circle indicates the 150km
range from the radar site.
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Fig. 9(b) Same as Fig. 9(a) (16:00-19:00JST, January 26, 2011. Elevation angle: 0.2°).
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Fig. 10(a) Same as Fig. 9(a) (02:00-05:00JST, January 27, 2011. Elevation angle: 1.4°).
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Fig. 10(b) Same as Fig. 9(a) (01:00-05:00JST, January 27, 2011. Elevation angle: 0.2°).
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Fig. 11(a) Same as Fig. 9(a) (16:00-18:00JST, January 27, 2011. Elevation angle: 1.4°).
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Fig. 11(b) Same as Fig. 9(a) (15:00-18:00JST, January 27, 2011. Elevation angle: 0.2°).
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Fig. 12 Eruption cloud echo at Shinmoedake volcano observed by the Kagoshima DRAW (area mode, 17:18-17:21JST,
January 26, 2011). The triangle denotes Shinmoedake volcano and the circles indicate the 20, 40, 60 and 80km ranges
from the Kagoshima Airport radar site (+).
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Fig. 13 Doppler radial velocities of the eruption cloud from Shinmoedake volcano observed by the Kagosh-in-la DRAW
(area mode, 17:17-17:20JST, January 26, 2011. Elevation angles: 0.7-10.9°). The triangle denotes Shinmoedake
volcano and the circles indicate the 20, 40, 60 and 80km ranges from the Kagoshima Airport radar site (+).
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Fig. 14 Same as Fig. 7, but with the Tanegashima and Fukuoka weather Doppler radars (composite, blue line) and visual
observation (black line, 06:00JST, January 26 to 18:00JST, February 7, 2011). Light blue hatches show periods that
are missing because of weather echo.
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Fig. 15 Same as Fig. 8, but with the Tanegashima and Fukuoka weather Doppler radars (composite, 06:00JST, January 26
to 18:00JST, February 7, 2011).
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Fig. 16 Eruption cloud echoes at Shinmoedake volcano observed by the Tanegashima and Fukuoka weather Doppler
radars (composite, 12:40JST, January 28 to 16:00JST, February 2, 2011). CAPPI images at 2km height and vertical
cross-sections along the A-B line on each CAPPI image. Times denote the end of the volume scan.
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Fig. 17 Same as Fig. 16 (11:30-11:40JST, February 11, 2011).
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Fig. 18 Eruption cloud echoes at Shinmoedake volcano observed by the Kagoshima DRAW (area mode, 11:38-11:47JST,
February 11, 2011). The triangle denotes Shinmoedake volcano and the circles indicate the 20 and 40km ranges from
the Kagoshima Airport radar site (+).
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Fig. 19 Eruption cloud echoes at Shinmoedake volcano observed by the Tanegashima and Fukuoka weather Doppler
radars (composite, 05:00—05:30JST, February 14, 2011). CAPPI images at 2, 4, 6, 8, 10 and 12km height with
different observation times, and vertical cross-sections along the A-B line on each CAPPI image. Times denote the
end of the volume scan.
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Fig. 20 Doppler radial velocities of the eruption cloud from Shinmoedake volcano observed by the Tanegashima weather
Doppler radar (05:06-05:22JST, February 14, 2011. Elevation angles: 1.4°, 0.2°). The circle indicates the 150km
range from the radar site.
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Fig. 21 Same as Fig. 7, but with the Tanegashima and Fukuoka weather Doppler radars (composite, blue line), Kagoshima
DRAW (orange line) and the rapid-scan observations made by MTSAT-1R (magenta dotted line, 05:00-08:00JST,
February 14, 2011).
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Fig. 22 Same as Fig. 18 (airport mode, 05:04-05:26JST, February 14, 2011).
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Fig. 23 Doppler radial velocities of the eruption cloud from Shinmoedake volcano observed by the Kagoshima DRAW
(airport mode, 05:10—05:19JST, February 14, 2011. Elevation angles: 2.1-12.5°). The triangle denotes Shinmoedake
volcano and the circles indicate the 20, 40, 60 and 80km ranges from the Kagoshima Airport radar site (+).
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Fig. 24 Same as Fig. 16 (18:10-18:30JST, February 18, 2011).
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Fig. 25

Same as Fig. 18 (area mode, 18:17—-18:32JST, February 18, 2011).
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Fig. 26 Same as Fig. 16 (17:40-18:20JST, March 13, 2011).
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Fig. 27 Same as Fig. 18 (area mode, 17:48—18:18JST, March 13, 2011).
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Fig. 28 Same as Fig. 21 (17:00-20:00JST, March 13, 2011). The empty circles show the plume height under visual

observation.
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Fig. 29 Same as Fig. 20 (17:46-18:02JST, March 13, 2011).
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Fig. 30 Same as Fig. 23 (area mode, 17:54—-18:04JST,

March 13, 2011. Elevation ang
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Fig. 31 Same as Fig. 16 (19:20-19:40JST, April 18, 2011).
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Fig. 32 Same as Fig. 18 (area mode, 19:28-19:37JST, April 18, 2011).
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Fig. 33 Same as Fig. 28 (19:00-22:00JST, April 18, 2011).
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Fig. 34 Same as Fig.23 (area mode, 19:29-19:34JST, April 18, 2011. Elevation angles: 2.1-6.8°).
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35 Time-series variation of the echo height of all eruption clouds from Shinmoedake volcano observed by the

Tanegashima and Fukuoka weather Doppler radars (composite) in 2011. The dashed line indicates the summit
elevation of Shinmoedake volcano (1421m).
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36 Time-series variation of the maximum radar reflectivity factor of all eruption clouds from Shinmoedake volcano
observed by the Tanegashima and Fukuoka weather Doppler radars (composite) in 2011. The dashed line indicates the
discrimination threshold of the echo top (12dBZ,).
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Fig. 37 Comparison between the maximum radar reflectivity factor and the echo height of all eruption clouds from
Shinmoedake volcano observed by the Tanegashima and Fukuoka weather Doppler radars (composite). Crosses denote
the subplinian eruptions from 15:00JST, January 26 to 18:00JST, January 27; filled squares denote the explosive
vulcanian eruptions; and empty squares denote the other eruptions in 2011. The solid line shows the linear regression
and the dashed line indicates the discrimination threshold of the echo top (12dBZ,).
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MTSAT-2 11 2011-01-26 16:10J5T

Fig. 38 MTSAT-2 IR1 image at 16:06JST, January 26, 2011.

MTSAT-2 51 2011-01-26 16:10J5T

Fig. 39 MTSAT-2 SP image at 16:06JST, January 26, 2011.
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Fig. 40 NWP vertical profile at 18:10JST, January 26, 2011.
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Fig. 41 MTSAT-2 IR1 image at 18:06JST, January 26, 2011.

Fig. 42 MTSAT-2 SP image at 18:06JST, January 26, 2011.
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Fig. 43 NWP vertical profile at 20:40JST, January 26, 2011.
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Fig. 44 MTSAT-2 IR1 image at 20:37JST, January 26, 2011.

Fig. 45 MTSAT-2 SP image at 20:37JST, January 26, 2011.
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Fig. 46 NWP vertical profile at 00:40JST, January 27, 2011.
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Fig. 47 MTSAT-2 IR1 image at 00:37JST, January 27, 2011.

Fig. 48 MTSAT-2 SP image at 00:37JST, January 27, 2011.
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Fig. 49 NWP vertical profile at 04:40JST, January 27, 2011.
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Fig. 50 MTSAT-2 IR1 image at 04:37JST, January 27, 2011.

Fig. 51 MTSAT-2 SP image at 04:37JST, January 27, 2011.
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Fig. 52 NWP vertical profile at 07:40JST, January 27, 2011.
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Fig. 53 MTSAT-2 IR1 images at 07:37JST, January 27, 2011.

Fig. 55 MTSAT-2 IR1 image at 12:37JST, January 27, 2011.
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Fig. 56 MTSAT-2 SP image at 12:37JST, January 27, 2011.
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Fig. 57 NWP vertical profile at 16:10JST, January 27, 2011.

Fig. 58 MTSAT-2 IR1 image at 16:06JST, January 27, 2011.

— 190 —



KRBV —F— « R LD KR

Fig. 59 MTSAT-2 SP image at 16:06JST, January 27, 2011.
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Fig. 61 MTSAT-2 IR1 image at 17:37JST, January 27, 2011.
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Fig. 63 MTSAT-2 IR1 image at 20:37JST, January 27, 2011.

Fig. 64 MTSAT-2 SP image at 20:37JST, January 27, 2011.
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Fig. 65 MTSAT-2 IR1 image at 23:37JST, January 27, 2011.

Fig. 66 MTSAT-2 SP image at 23:37JST, January 27, 2011.
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2011/1/27 14371ST

2011/1/27 2037JST

Fig. 67 MTSAT-2 SP images at 20:37JST, January 26 and 02:37, 08:37, 14:37 and 20:37JST, January 27, 2011.
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Fig. 67 (continued) MTSAT-2 SP images at 02:37, 08:37, 14:37, 20:37JST, January 28 and 02:37JST, January 29, 2011.
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Fig. 68 MTSAT-2 3.8um image at 02:37JST, January 27, 2011.

Fig. 69 MTSAT-2 3.8um image at 18:06JST, January 27, 2011.
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Fig. 70  Aerosol optical depth (AOD) at 500nm and the Angstrém exponent () at Minamitorishima (06:00-10:00JST,
January 28, 2011).
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2011/1/28 1437JST

Fig. 71 MTSAT-2 SP images at 02:37, 07:37 and 14:37JST, January 28, 2011.

Fig. 72 MTSAT-2 IR1 image at 20:37JST, January 29, 2011.
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MTSAT-2 SP image at 20:37JST, January 29, 2011.

Fig. 74 Geopotential height at 500hPa (09:00JST, February 14, 2011).
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Fig. 75 NWP vertical profile at 05:30JST, February 14, 2011.
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Fig. 76 MTSAT-1R IR1 images at 05:13, 05:23, 05:33, 05:43 and 05:53JST, February 14, 2011.
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Fig. 77 MTSAT-1R SP images at 05:13, 05:23, 05:33, 05:43 and 05:53JST, February 14, 2011.

— 200 —



KRBV —F— « R LD KR

2011/2/14 0613JST=

2011/2/14 0713]JST=

2011/2/14 0813]JST=

Y

2011/2/14 0913]JST=

|

Fig. 78 MTSAT-1R SP images at 06:13, 07:13, 08:13 and 09:13JST, February 14, 2011.
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Fig. 79 NWP vertical profile at 18:40JST, February 18, 2011.
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Fig. 80 MTSAT-1R IR1 images at 18:33, 18:43, 18:56, 19:13, 19:23, 19:33 and 19:43JST, February 18, 2011.
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Fig. 81 MTSAT-1R SP images at 18:33, 18:43, 18:56, 19:13, 19:23, 19:33 and 19:43JST, February 18, 2011.
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Fig. 82 NWP vertical profile at 18:00JST, March 13, 2011.
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Fig. 83 MTSAT-1R IR1 images at 17:53, 18:03, 18:13, 18:23, 18:33, 18:43 and 18:56JST, March 13, 2011.
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Fig. 84 MTSAT-1R SP images at 17:53, 18:03, 18:13, 18:23, 18:33, 18:43 and 18:56JST, March 13, 2011.
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Fig. 85 MTSAT-1R SP images at 19:13, 20:13, 21:13, 22:13, 23:13JST, March 13 and 00:13JST, March 14, 2011.
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Fig. 86 NWP vertical profile at 19:50JST, April 18, 2011.
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Fig. 87 MTSAT-1R IR1 images at 19:33, 19:43, 19:53, 20:03 and 20:13JST, April 18, 2011.
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Fig. 88 MTSAT-1R SP images at 19:33, 19:43, 19:53, 20:03 and 20:13JST, April 18, 2011.
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Fig. 89 MTSAT-1R SP images at 21:13, 23:13JST, April 18 and 01:13, 03:13, 05:13JST, April 19, 2011.
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Characteristics of the weather Doppler radars at Tanegashima, Fukuoka and Kagoshima Airport.

Tanegashima Radar

Fukuoka Radar

Kagoshima DRAW

Transmitted frequency 5350MHz 5355MHz 5370MHz
(Wavelength) (5.6¢cm, C-band) (5.6cm, C-band) (5.6cm, C-band)
Peak transmitted power 250kW 250kW 200kW
Type Klystron Klystron Klystron
Parabolic antenna diameter 4.0m 4.0m 7.0m

Beam width

H 1.06°/ V 1.03°

H 1.01°/V 1.01°

H 0.58°/V 0.62°

Pulse width, pulse repetition
frequency (PRF)

1.120us, 940/752Hz
(150km range)

1.120us, 600/480Hz
(250km range)
2.650us, 330Hz
(400km range)

1.104ps, 940/752Hz
(150km range)

1.104ps, 600/480Hz
(250km range)
2.660us, 330Hz
(400km range)

1.0ps, 1200/960Hz

Gain 44.4dB 44.7dB 48.9dB
(150 or 250km range) (150 or 250km range)
-111.68dBm -112.22dBm
(400km range) (400km range)
Rotation 4rpm 4rpm 2 or 4rpm
Plane of polarization H H H
Maximum range 400km 400km 120km
Range resolution 250m 250m 150m
Azimuth resolution 1.5° 1.5° 0.7°
Duration of volume scanning 10min (5min x2) 10min (5min x2) 6min

Table 2 Characteristics of the MTSAT series imager.

Channel Wavelength [pm] Resolution [km]
103 ~ 11.3 4
11.5 ~ 12.5 4
IR3 (WV) 6.5 ~ 7.0 4
3.5 ~ 4.0 4
VIS 0.55 ~ 0.90 1
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Table 3 Record of eruptions at Shinmoedake and detection of ash by MTSAT (from February 1 to 16:30JST, February 7,

2011).

Date [JST] Event®  Height ” [m] Direction Detection €
2/1 07:54 Ex 3500 SE @)
2/1 15:22 Er 3500 SE X
2/1 15:33 Er 4500 SE @)
2/123:19 Ex >3500 T ©)
2/2 05:25 Ex >3500 NE X
2/2 10:47 Ex >2000 E X
2/2 15:53 Ex 4500 E @)
2/3 08:09 Ex 3000 E ©)
2/3 12:17 Er 4000 E @)
2/3 17:45 Er 3500 E @)
2/4 09:42 Er 4500 E @)
2/510:53 Er 3500 E ©)
2/6 03:16 Er >3500 NE ©)
2/6 18:05 Er 3500 SE ©)
2/7 06:07 Er 3000 SE ©)

a: Ex (Explosion), Er (Eruption)
b: above sea level
c: O(Enable), X (Disable)

Table 4 Record of eruptions at Shinmoedake and detection of ash by MTSAT (from 16:30JST, February 7 to July 31,
2011).

Date [JST] Event * Height ° [m] Direction Detection ©

2/7 18:09 Er 2700 SE O
2/7 18:39 Er 3100 SE O
2/11 11:36 Ex 4000 SE @)
2/14 05:07 Ex unknown unknown @)
2/18 18:16 Ex 4500 S ©)
3/1 19:23 Ex unknown unknown X
3/3 18:08 Er >3000 SE O
3/8 02:50 Er 2500 SE O
3/13 17:45 Er 5500 T @)
3/23 08:23 Er 2500 SE O
4/3 08:41 Er 4500 E X
4/18 19:22 Er 3500 E O
6/29 10:27 Er 2500 T X

a: Ex (Explosion), Er (Eruption)
b: above sea level
c: O(Enable), X (Disable)
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