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Table 1 JMA typhoon numbers and verification
periods for tropical cyclones inves-
tigated in this study.

JMA typhoon number Verification period
1106 17 June - 19 June 2011
1112 29 August - 5 September 2011
1115 17-20 September 2011
1207 16-18 July 2012
1210 29 July - 2 August 2012
1211 4-7 August 2012
1215 25-28 August 2012
1216 16-17 September 2012
1217 29-30 September 2012
1218 25-29 September 2012
1303 11-12 June 2013
1304 19-20 June 2013
1312 21 August 2013
1317 3 September 2013
1318 14-15 September 2013
1320 23-25 September 2013
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Fig. 1 Tracks of 16 tropical cyclones (TCs) investigated in this study (see
Table 1). A number attached to each TC track (e.g., 1106) indicates
the JMA Typhoon number (see Table 1). A white circle (O) shows
the TC location at 00UTC and a black square () shows the location

ZoBENICESEREH I
% L JEIR-AMV (AT
IR-AMV), EEOE/RV

of the sonde observation site.

Table 2 Observation times of successive
MTSAT-1R imagery used for deriva-
tions of 5-min AMYV, 10-min AMYV and
15-min AMV. AMVs from successive
imagery of Combination-A are used
for investigating the dependence of
their characteristics on the imagery
intervals in the subsection 3.1. Valida-
tions of 5-min AMV's with reference to
sonde observations at 00UTC in the
subsection 3.2, 3.3 and 3.4 adopt
AMVs from successive imagery of
Combination-B.

Observation time (UTC)
Istimage 2ndimage 3rdimage

5-minAMV 0:19 0:24 0:29

CombinationA|10-minAMV 0:14 0:24 0:34
15-minAMV 0:09 0:24 0:39
CombinationB| 5-minAMV 0:09 0:14 0:19

2015 4E 10 H

KIRL DB EE D &
HHanz WV-AMV %»
Weote, BRI, UTCHBET 2 AMV O HE
23400 hPa @& D ED AMV QA ZRRE LT 5,
AMV OHEHTIX, Hiis 2 3RO EEK (UUT
A, BERUCHE®K) ZHWT, QLiIZX 2 WEFET
BT 2 A-BX2 by, QLIC & 2 SVERHM K Ui
HALLTHWS B-Cx2 b v 2EET 2, EHERO
PRI O v (5, 105 U1543) @ AMV H
BEAOFEAE (3.18) TlE, 00FF2445% B HifR &
LCHEB L AMV 28H L7z (5 2 &£ Combina-
tion-A). Z OFELIA (3.2, 3.3%U3.480) T,
Bh Y Y FEBIELNC T AMV 2 #3372 0,
00HF145r % B & L CHEB L7 AMV 2HL /2
(28 2 % Combination-B)., LA, AMV & H i<
W 72 R O KRR 2 X V5-min AMV, 10-min
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Fig. 2 Ilustration for a target box (i.e. a
square image clipped from the first
image of the successive two images)
and the search area (the second
image) for pattern matching using
cross-correlation coefficient to derive
a displacement vector. A white circle
shows AMYV derivation point: the cen-
ter of each target box which is shown
as the bold-line square. A gray arrow
indicates the displacement vector
which is derived by tracking clouds
and/or water vapor pattern from the
two successive images.
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Fig. 3 (a) IR-AMV (above 400 hPa level, QI>>0.3) obtained by using MTSAT-1R rapid-scan imagery at
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intervals of 5 minutes with the background of IR channel (wavelength: 10.3-11.3 xm) brightness
temperature (TB) for Typhoon Ma-on (1106) at 0914UTC on 18 July 2011. (b) Same as (a) but
for WV-AMVs (above 400 hPa level, QI>0.3) with the background of WV channel (6.5-7.0 zm)

TB.
Table 3 Numbers of 5-min AMV, 10-min AMV and 15-min AMV with QI Zh e OEB I, WV HE
greater than 0.3, 0.5 and 0.8 respectively within a radius of 6 3 IR B b~ a2 >
degrees from the TC center. _ N
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| IR AMV . . WVEAMV & L, WV-AMV 0 % B
5-min AMV [10-min AMV |[15-min AMV | 5-min AMV |10-min AMV |15-min AMV N ROV SRS E 7
QI>0.3 51259 51165 48041 61651 58602 55408 . .
QI>0.5 | 47275 48242 45325 53990 54038 51765 Twp eitflahs. BE
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IR & 5 MRS DMK W R 2 70 EI (Central
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Lo THEPCERZ2EEDORMEZIRZ T I L 2Rl
LTWw3EeFEzZon5, Rig, FHEE & EGRERE -
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Table 4
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Averaged AMVs (QI>0.3) wind speed, and the bias and vector difference with reference to sonde

winds within a radius of 6 degrees from the TC center. 5-min AMV, 10-min AMV and 15-min AMV
calculated at the same locations (number=252) were used in the statistics. A value in parentheses
denotes the normalized value by the averaged AMV wind speed.

IR-AMV (number =252) WV-AMV (number =252)
(ms™) 5-min AMV | 10-min AMV | 15-min AMV | 5-min AMV | 10-min AMV | 15-min AMV
Wind speed 13.15 13.15 13.13 13.79 13.50 13.42
Bias —0.78(—0.06) | —0.78(—0.06) | —0.81(—0.06) | —0.42(—0.03) | —0.52(—0.04) | —0.50(—0.04)
Vector difference | 7.05(0.54) 6.69(0.51) 6.70(0.51) 7.77(0.60) 7.78(0.61) 7.45(0.58)

Table 5 Averaged 5-min AMVs (IR-AMV and WV-AMYV) wind speed for QI>0.3, QI>0.5 and Q[>0.8,
and their biases and vector differences with reference to sonde winds within a radius of 6 degrees
from TC center. A value in parentheses denotes the normalized value by the averaged wind speed.

IR-AMV WV-AMV
Wind Speed Bias Vector difference| Number |Wind Speed Bias Vector difference| Number
(ms™) (ms™) (ms™) (ms™) (ms™) (ms™)
QI>0.3 12.53 |—=1.30(—0.10)| 8.12(0.65) 426 12.09 |—1.52(—0.13)| 9.06(0.75) 516
QI>0.5 13.41 |—0.02(0.00) 7.60(0.57) 353 13.20 |—=1.01(—0.08)| 8.58(0.65) 410
QI>0.8 16.84 |—0.64(—0.04)| 6.82(0.40) 159 16.76 0.59(0.04) 7.36(0.44) 161
{73 21F ESEYRMEPS K E WHADBASND, D T2EFzZoN5 A-BX2 by, B-CXZ hVEO

R & E RN & OBIRO—D DI E LT,
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R EN A S MR T2,

A N 4 7 A (bias) & D W T IE, IR-AMV,
WV-AMV & $I12H—0.8~F—0.4ms ' L/N& 2 £
DETH Y, A THEILLIMED —0.06~—0.03&
INE W, X7 b vZE (vector difference) 12 DWW T
i, WV-AMV OF538 IR-AMV X b yEniz~r b
WEDNREWZ EDRHHE L TE TN, ZOHEE
ELTWV-AMV O 528 IR-AMV & D % & A K
ENI LR, AMV OEEOHEREDEWIH Z &
N3, BEHEREOEVICOVTIE, BEAENICIE
WV-AMV OEE 2R 1 F v > 3 IVHEERE = B
WTHEHLTWE Z L TW AR D 5.,
RICERFREOEVCICHEH S % &, IR-AMV TlE5-
min AMV Tigd 7 MVENKE ZMHETH, WV-
AMYV TiZ5-min AMV K U'10-min AMV T~X 7
WENKE L RBHESASNS, ZOMEAEIE, Wk
MENELS 72 2 1Z EBORBEERENE L k2 2 ick
BN N VEBOREES 2R L T 2 AR
bho, EBICEEIRZ MVOFEHBEEOKRE S 2 Kk
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N7 MVERBGEBICENT 2 &, ERORREEREL
B e, BRI 2 iR 7 N VEDSK E W IE A
NHoNT: ().
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MTSAT OEHEF % > 3 & @& K7E L7
AMV ORI RE N2, BEETHEM L 72 AMV 12
DOWTEHE EEFIZ» 1993) #1795 &, 5-min
AMV &£15-min AMV O~RZ7 b VEREZELWET S
IHEIREUX16% DR E/KME T I LIz, S5 b EH
BT, ABGEERBERDY > 7 v VD%
WCOWTHELZIT> T LEND B,

3.2 EEAMV @ QI #efEt:

3AMITQIA0.3L D KEWw EEAMV IZOWT %
DREEMEETR LI2H, AMV %2 EBEO S RO R DL
DIERT~TEH S 2 720121%, FIF BN U7 s
HANETH S, AHiTE, EEAMV O QI % Huw
Te B E B ORI REM: 2R T 72, QI BIET D5-min
AMV o3ty > FREE (RE# A4 7 A RO b v
=) BHANERERT, 22T, IRFAMV &
WV-AMV @ 35@sh i LA o s o AMV 7—2% %
FAWTHREERITo 7o, FEREZE 5 RITRT.
FPEHREICHEET % £, QIEMMER0.3, 0.5,
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ﬂiﬁﬁ Li, }ﬂiﬁ;iﬁj{‘ % 7:;@ (hPc)

Azimuthally integrated Number

Azimuthally integrated Number

AMV I1E EREHEVC & -
BREL, AMV EHFE -
O EE SIS AMV O -
SEARHIME £ T L7 o, ﬁ
JEFNA T AW DN, =
WO QI BIfE Iz L T -
bt 1 ms R LANE L, -
X7 b VEE, IR-AMV %EQHRMW

(hPe)

(b) WV-AMV

¥ WV-AMV T QI i &
ERELTRIFEEDT B
EHABs A SN D, DL EORE
Bz, EEAMV O 8
FHEHNRQLEZHWS Z i
LDHRETH S Z L RRE
T 5.

MU ETHEs AMV OfE#EIE, AMV OfRFEMER
7 (ZTUE 2013) Whnz ¢, BB~ hVEHERRE
mERHEECERNT 2 F 255 (Velden and
Bedka 2009). 3.3fiCZNICBET 2 HEEITS.

3.3 IR-AMV ¥ WV-AMV OEEE4340 D Ho

AfiTlx, IRFAMV & WV-AMV ®5-min AMV
EOWTHEREMMIORHYE R RT. 2T, GROME
DATDSEISFRIC T WA 2R R T 5720, TR
PEDOEEN/NS W EEZ 5N D HEE JALRES0E
) WHEBEBINIE L TWizREZO5-min AMV (QI>
0.3) OHEMFE LIz, B4, GEFL»S D
1, AMV O &S EHICEE L 72 IR-AMV & O
WV-AMV O 7 —% xR 7., W AMV Q5461 X
SPBLTB Y, F£F 2 FEAHLTIE180~200 hPa [,
5 EMHETIIR240 hPaHic 7T — O —2 % b
2, IR-AMV & WV-AMV OEENBEERTH 5D
&, EESE HIIHFIN 1 F v > FIVHEEREICE W
TEOMNTONTWE L CERATSEEZONS
2, —HOEE, FET, BEEEAEO#EY (2.2
i) 1k B ERbNBEDL BRI R DE DD A
55,

KIZ AMV OEEREBICE -~ 2 bV EHIC
PRI EOEEICK> TV A ERIET 27-9, IR-
AMV & WV-AMV o3ti@h s (205M15) LT
Vi TFEIICHE DL RA N7 4y bV (best-fit
level) f##7 (Hamada 1982 &) % 17>/, R X
b7 4w N OV £ 0E, BB B OVIZIEL B
HENTWB ERELT, AMV £X2Z7 MVER/IND
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Fig. 4 Numbers of 5-min AMVs (QI>0.3) for 25-hPa pressure level and

0.5-degree radius boxes for 16 tropical cyclones (see Table 1) which

existed south of 30°N. Panels (a) and (b) are created using the
locations where both IR-AMVs and WV-AMVs were derived.

9 10 11 12 ] 2

3 4 5 & 7 8 § 10 11 12
Radius (lotitudinal degree)

100 200 300 400 500 600 700 800 900 1000

Table 6 Averages of AMV heights and best-fit
levels to sonde winds for 5-min AMVs
of IRFAMV and WV-AMV (QI>0.3),
which are computed using 205 colloca-
tion data.

AMYV height (hPa) |Best fit level (hPa)
[R-AMV [WV-AMV | [R-AMV |WV-AMV

186.1 187.7 194.7 192.4
213.3 221.0 218.6 197.7

(degree)

radius = 2
2 <radius =6

VUTROEE (NA N7 4y b)) BRD, B
7 PDERIZY Y TRO EDBEDE LD X
BOTWINERANL LD THE, ZOFEREE6
FITRT A, FE 2 ENTIZIR-AMV £ WV-AMV
DEEIZZIFEALERASNT (186~187 hPa),
NA M7 4y MLy (F£12192~194hPa @) £ b
LEPICE W I ERG otz 2D AMV OEFE L
NRANT7 49 MUV DEWE, AMV EBEIMENIC
NATABREATO SRR RET 2, —F, FF
2~6 E Tix, AMV O & i3 F %12 IR-AMV
(#7213 hPa) © 28 WV-AMV (221 hPa) XV %
EE»IcE »olz, 2D IR-AMV & WV-AMV O &
FEOEWIFHEEHFEOEVICL>THHsN S
(2.2ff). WV-AMV DR X+ 749 b Lo (8
198 hPa ) #»'IR-AMV (fJ218 hPa ) X » & {#
MZEWHEIE, WV-AMV O AH» IR-AMV X b %
FMOEEDY —7 v b (EEESEMEOAER) b
ATV BENDHL I L 2RET 2, %72, WV-

SR&” 62, 10,
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AMVORZX N 749 b+ LRV ($198 hPa) »°
AMV B (#9221 hPa) XV ¥ & WEA X, WV-
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BRI EH D 2 HEDK S WATREE 2RI 5,

3.4 AMV OGBS O B Rk K OB £ m 3 0

SRE a7 7 AV

AWFFE TR L LG RAEE T, LEAMV X
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BEREIHT S Z L2k TEIE N, SFBREE
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AMV 2T L V156 M BEZD BT
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%5 X%, Molinari et al. (2014) X vEohnr:
BEHRSE LA 5 F12HI300~600 km oD FEIE T FE
Shi P ay 7Y v 7 (1997-994F K 1°2002-05
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fHETIX 018D 2 &, BEREIISEFAESE
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RAWIOms ' OIEDE (77 h7ua—) Lx>TWw
52 ETHB. LUF, Zd Molinari et al. (2014) T
RENET T T 74 Ve, AR TRNRE Lz LE
AMV RUHEBIC WY > TlE% 5,
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Fig. 5 Composite vertical profile of tan-
gential and radial components of drop
sonde winds when a turbulent layer is
observed right below cirrus clouds by
NOAA Gulfstream IV (G-1V) aircraft
observations in radius of 1000 km from
the center of hurricanes in 1997-1999
and 2002-2005 (Molinari et al. 2014).
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(b) 2 degrees < radius = 4 degrees
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IR-AMV height
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X @B % ©
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Fig. 6 Averaged tangential and radial components of sonde winds and numbers for heights relative to the
AMYV height, and the averaged tangential and radial components of AMVs (shown at the origin of
the vertical axis). 5-min AMVs for IR-AMV and WV-AMV (QI>0.3) are used for creating this
figure. Panels (a), (b) and (c) are ones for radii of 0-2 degrees, 2-4 degrees and 4-6 degrees from

the TC center, respectively.

NEFONTWE, BREKUNY 7 — > NEOF R 7
077 A NEZDOWTE, 10F50Y v THEloa >R
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#r (Hawkins and Rubsam 1968) i1 & > CH#~xon
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hPa EZEHNICIE T 7 b 70 —TH % L v ) R
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SR SAE TAREO B mHuL 2 & OJEOR S H L %
B2z TCWBEFEZ6NE AMV L OEHELKIC X %
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ERGERETE TV ERWIEROY S 2y —ya Yy
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Abstract

Upper-tropospheric Atmospheric Motion Vectors (AMV) for 16 tropical cyclones (TCs) in 2011~
2013 were derived using rapid-scan imagery of MTSAT-1R infrared (IR) and water vapor (WV)
channels at intervals of 5 minutes, and their characteristics were examined. This study particularly
investigated on how such short time intervals of imagery affect the number of the derived AMVs with
Quality Indicator (QI) above 0.3, and validated the quality of the AMVs with reference to sonde
observations of the Japan Meteorological Agency (JMA) and the Ministry of Defense (MOD). The
results showed that: (1) the rapid-scan imagery at intervals of 5 minutes enabled to derive spatially high-
density AMVs even in the TC area where the spatial and temporal variations of wind field were generally
large, (ii) the tangential and radial winds of the AMV's in the TC area were consistent with those of drop
sonde observations near cirrus cloud layer which were obtained by a preceding research, and (iii) the
upper—tropospheric IR-AMV and WV-AMYV could mutually complement each other regarding data
coverage. In addition, this study suggested that the difference between the heights of wind fields captured
by IR-AMV and WV-AMYV tends to be small near the TC center.
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