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Abstract: Based on Multiplatform Tropical Cyclone Surface Wind Analysis (MTCSWA ) data from NOAA/NES-
DIS during 2007 —2014, statistic characteristics of 210 named TCs’ structures in the North Western Pacific and the
South China Sea are analyzed. Compared with the maximum wind speed (Vyax) from CMA-best tracks, the Vyax
from MTCSWA is 10% —15 % smaller on average. Overestimation, especially for weaker TCs., is observed. Sta-
tistical relationship is provided between radius of maximum wind speed (Ryx) and Vyax s and the density distribu-
tions of Ryax in different regions are calculated. For those TCs stronger than STS, the density distributions show
no regional differences while the less intensified groups show obvious structure distributions in the North Western
Pacific, the Northern and Eastern China Seas and the South China Sea. Especially, in the South China Sea, the
distribution difference gets much broadly from 50 to 100 km. By analyzing the distributions of four quadrants, the

eastern parts of Ry, is comparably larger than that in western parts, but there is no such a character in both R;, and
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Rs;. From the case study of Super-TY Bolavan (1215), an eye-wall replacement and inner-core structure change

can be observed. During that ERC period, the distance between inner and outer eye-wall (R, —R,) is reduced a-

long with V| ’s decreasing and V,’s increasing. Meanwhile the original intensity shows temporary fluctuation.

Key words: Multiplatform Tropical Cyclone Surface Wind Analysis (MTCSWA), Ryax» structure charac-

teristics, eye-wall replacement, objective estimation
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Fig. 1 Scatter plot of CMA Syax from
best track and Vyax from MTCSWA
(Thick line is one element linear fitting;

thin line is multi-element linear fitting)
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Fig. 2 Scatter plot of surface observations (lateral axis) and MTCSWA (vertical axis)

(a) wind velocitiy, (b) wind direction

(Thick line is ideal line, thin line is one elementlinear fitting)
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Fig. 3 Box-plot of 34 kt (a), 50 kt (b), 65 kt (¢) radii at four quadrants (1 kt=1.852 km « h™")
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Fig. 4 Scatter plot of Vyax and Ruax
(Thick line is one element linear fitting,

thin line is multi-element linear fitting)
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T UL L A B L X ERC i B2 19 58 B 1Y) 9% sh 14
AR Z A F) B UL IE 45 AR B, @i BaR gy
KR MTCSWA BERHE R SUE R ERC 2 72 A
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Table 2 Comparison of MTCSWA inner-outer eye-wall structure change and satellite analysis for Bolaven’s ERC
from 02:00 BT 26 to 02:00 BT 27 August 2012
o \%4 R, 'z R, ADT SATCON
S |H.
/m s} /km /mes™! /km CI MSLP/hPa  Vuax/kt ~ MSLP/hPa  Vmax/kt

26 H 02 B 53.4 47.7 38.2 72.1 5.8 931.1 109. 8 914.0 125.0
26 H 08 B 50.9 48.5 40. 4 59.2 4.9 951.6 87.4 927.0 110.0
26 H 14 i 45.2 46. 3 44.2 55.3 5.4 944.0 99. 6 929.0 116.0
26 H 20 B 31.6 50.7 47.2 52.9 5.4 943. 8 99. 6 923.0 118.0
27 H 02 B — R 48. 3 50. 3 4.6 957. 2 79.6 935.0 101.0

3 B NEHE AT

3.1 AEREHERGITHE

AR A MTCSWA #hs e 2 1 K37 L Bk
PH PO 23 M SRR v [ ORR R e 2 ) i A B A B
LA 1T B AY 5 XUR XL R A A2 (R ) 1A% K
Bl AR 09 20 LA 3 07 3% O i 5 B S 2 10 4t
HAGH R, Knaff 25 (2016) S8 B9 0F 58 o A1 FH 3
HLAY B SUE (o7 & 9 8 RS 2l B A% 45 L 2 B
B LA TR GO R WAL T B U 1) 45 K 5 AL L OF
BB ARHT U 9 A X B 45 44 2 Pl FL A% 3l A s B i
Y o P REA b AR SO i BT S A S A
PR R B 5 KAE M 5 AL E SR SRS DL
88 AY) A 2 18] (9 A S AT A 5 KUAS B 11 58
JEE Bz siA5 DR AT A R AL . SR AR 5T
TAEANTR 2 AR SR ) SO AR TR A4 2 75 XU 45
WS HCT & Yy B 2 8] B A TR ) SO A 7
SEBR b JE XA SRR MR BT AR G SRR
BT L X R A 4 Wy B kA7 AR LR A it
TEJ SCAR AR ) S A B e T 454> B X 7 2 (8]

00 S FH M ST ) T AE T SO RS AR o A AN TR T 2
] AL, H L EE SRR ERNE
WAL T

6K MTCSWA Ji 5 9% k% 4 2] DL & K
O TR AR AL A 2R I 38 3k B3 L) g X1 il Xof
FR-F- 3575 31 H e KX E AR (Ryax) #1794 (R5) .10
K (R T 12 e (Res) FEA N Z PR G390 R A b L AR
A PG R PG G A XU 2 A% 5 TR 4R 5 4 i ) A
e B A B AR R EC P AT R A S
] B RN A B T H U AR (HUA KU 600 km 42
TR RS2 S R, BRSSP B 5 A5
SR 0] A OC R B B B T 22 N5 3 i . 7]
PLE B, PR KT 1Y) A8 5 fie K XU 12 (Ryax)
7.10.12 G RGE AR 2 E . HaE g 0. 05 (1 8 3
PEIK A 55 5 16 BH 2R 358 K37 1) R/ o] DL 5% T &
USSR RFAE o 53 A1 s B SOE 158 B (Viwax) 5
IR 2 428 (Ruiax ) 52 EL 1117 45 45 2 R B 2 42 B OE
Fb o 150 B 5 JRUEE 5 00 5 XU AR 35 495 g i 12 8%, H R X2
R AR R A R X T e KRG 2 42 (Ruiax)
T 55 FAHT € T Ab 1 285 ¢ 2 ) A S Pk B o
XU U B R R 12 B A B Y 26 Ty
i FRAE

K3 AREMFHESHSHENEEZHAHNEXRY

Table 3 Correlation coefficients between several structure parameters and environmental parameters

Gt 25K BRI E L S i )5 # 1 258 BEOE hREDE
Ruax 56.7% —0.098 0.229"*  —0.754" " 0.212* 0.051 0.160" 0.134*
Rs 62.8% 0.199~ 0.201~ 0.862** —0.182 0.083* —0.159"  —0.167"
Rso 73.9% 0.171* 0.086* 0.815* —0.199~ 0.063* —0.140"  —0.176"
Ras 82.2% 0.133" 0.032" 0.738" " —0. 188" 0.032 —0.212" "  —0.149"

L iRl 0. 01 Al 0. 05 1 3 MK TR

** and * represent those having passed the 0. 01 and 0. 05 significance test levels, respectively.

3.2 RRREFEMITER

M R T7 ik %F 2014 4= (AR A JEAT T i S A

AR g CHP 5k F 2007—2013 4E BE kL, R &
2014 AERE AR . B 5B, THE R B R R A AR
(Ruviax) BT 25 B CpRwax) FEAT A58 . 25 R ANIE 6
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s S il 3T B pRuax Al Ruax & B A — Bk 78
100 km i Bl 4 FLAEAT - 10 R AR A4S 1T PE R 1 25 5
R ERR IR 2ZME M 17,3 km,
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)
S
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6 HBERPRER pRuax 5

G345 A Ruax 191U 431 1B
CHZ R — e BG4 ik b Z ok BG40
Fig. 6 Scatter plot of prediction model’s

PpRuax and Ruax
(Thick line is one element linear fitting;

thin line is multi-element linear fitting)

B 7 2 Ruax il H iR 22 Bl 5 KGR E (Vi) 1950
Aii o AT LA H K B R 22 A A B4R XL 28 B i By
JAEE LA G5 3% 5 R I A8 3T 46 2R — 25 Ul BB
14 13 XU DR XL~ A2 ) i HICE SRR o T T P AT

100 i .
g X
)
> 0
< % Lo
z-100 &
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lzl 7 *ﬁﬂﬁi’zﬂi PRM:\X*RMAXiﬂnié
Bl & X5 BE 1Y 53 A
Fig. 7 Scatter plot of prediction model’s

pRuvax — Ruax at different TCs intensity

3.3 BENEFEEMEITER

DL 7 R 0 5 BR (R ) AN TF 25 346 36 R
) CE 8) 5 3 FL AR pPaunw 1 Rayunw & B F a4
— IR A 36. 2 km (8 9), 15 25 B IR

(9 0 A0 153 B2 pRviax B Ak T 45 2R e B BE R Ui W
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Fig. 8 Same as Fig. 6, but for pRy,

and Riinw
200 .. ]
E TR .
< 1004 plet .i': "
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L | IR TR v T
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K100 e e
~200 | :
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Viax/m - s7!
B9 (R 7 A8 7 R PEILR IR

Fig. 9

PRiinw — Rsunw at different TCs intensities

Same as Fig. 7, but for

T J5 2 A 52 BN [) XU 2 22 Ak 11485 5 1) °F-
B i 2% (MAEs) 3k 4 fis ., WZRER K E
7GR (R WAl TR 25 - 78 30 km A2 47,10 9%
(Rso) R A2 Al 1R 25 7 20~25 km, 12 G XL
(Ro:) BRI IR 5 7E 15~20 km, Hi . %
B e A 5 2 A /D o 1T P A 5 BRI R g 2 B 5% 25 A %
LN

F4 MIFEAREEHFYIRERR (MAEs) (84 :km)
Table 4 MAEs of Independent sample test (unit: km)

LRI RIEGM KRR ERR
R, 36.2 31.3 39.9 23.3
Rso 23.8 22.1 29.4 20.1
Ry 20.3 15.4 17.9 16.7

A 2o X A ST R AR G 8 S0 A £ 2R T LA T i
HA—E W5 WAL T RE T3 0 T A ) 2 428 1 U >
T PR BE S ms A 225



%11 3] I 4l 46 45« 22 5 TR UNE K T X BEORHEE 5 XUE 1 23 Bt v i) 1o 1323
S 2% 3k

4 g Ae

AR SCE SAE T — R 2R TR SRl
ARIF K 1 185 43 5 PG SOBE 2% 10 X3 B2 kL, O is
BGRH T T PG b K R R T B XU 5 A AR
NG KR SRR R 5%

TG AT & B A KR R K (Viax) Fi iz KR
PR (Ryax) Z A TE — € IR M &L B & KR
JEE R & XRS5t 5 R KUl 11 5 AU O W 4 s R
BB IEAZL TN, BT Rux A S G K
1R B0 B AT 5% % iR B 3K ) 98 G KR A B Y
BRI 22 SRR . I X TR B A A A K
o KRG - 48 11 R IR B T R . X T iR B XU L)
TR EE = AN XA Ruax 1908 73 7 A/ 21 K AR IR
PNy N e SN A 5 e AN S S R 1 | 2
. Hob H B TE P b R OF I B R Ry MR 25
A3 A S B BT (60~120 km) » 158 B 45 74 11 22 S5
R s B v DX £ IR e R XU s A3 AR 46 98 B 43 AT AE
80~100 km; 1fij 5 7Y Jb K-V F1 R 1 5 KUAH HE L 7
T AR 0 b 0 S 1 5 R e K XU e AR A R
PR Ay ATV AE 100 km BFIE . X 5 KU 2 XU
AT RIS 7 PR EAR (R AR FEBK
TPGHE 1M 10 Z XU 42 (R0 ) T 12 94 XU F 42
(Ros) WA 3K A B4 3% AT BE IR 22 WA I 5 5 KA
BRI AA XK. ERRN SRS RAEERSE
£ IRV B A S 1 B 3 . ERC 3 A8 5 2 L P b
R 8% 22 [1) P B 5 0 9 i/ » A MR 8 XL 8 3 0 /) b
MR 8 XU 0 0T 40 A i 2% 52 U IR ik ) B i A

A SCEJE RV T — R R MTCSWA 5 8} Al
AL 5 B XSS AL T O s o B KU
P8 B3 R 553 V) A8 5 LS5 M R AR R ROk L
SE T Ruax 185 G R B 428 10 Al 1B RY . X 2k 57 FF
AR I 25 RULIZ Tk B — WAk T Re gy, vl
AT & R ENEWS T mBiHRkd. B2h T
MTCSWA BERMAS B 7 75 — & 1Y Jay B P A0 23 A
22 05 G KU LA b i A SOIE A7 AEARA o PR I XL
Y A AF R R IR 25 . B T o ali i) PR BT %
BEIAS e 78 5 S B & RIS 2 XU R AE A5 75 2 4b
FUEE A M T | R 2SR XU £k R AR BT R R AT T
TE o FE I T B AS B % 8 (1 0L T el A5 2R
Z VR R T B XU 3 R XU TR 45 440 19 3 A7 B He il
HUR T R R AW IR R .

Sewz W], F SO BB . 2016, 3% TR R BF 58 $H e IR BE I JF
FE MR E 2l 26 SO 25 R AR ATE . Pl R 22 4. 32(2) :172-182.

J5 FH L BRET B AR L 45, 2008, B FH AMSU-B fififi e UM 5 X 3 =
KHIBFE. T4 ,34(3) :22-29.

B L Bl DU B RE . 25, 2007, & KN TR R B3 5 2R IR
BB IE . PO R S ). 23(1) 1 21-26.

T/NIE BRI AT, 2005, By S KU 1 R R 1 IR AE S 800 B M Bk
YR AE 4, 48(1) 1 25-31.

2, B L KA 2007, G KSR 5 2540 1 B AT B 4 Bt <% .33
(T1):189-196.

KR, R TG f , # AR.L 2006. AT 3T VAR 2R SR ARG UNE KL ER
BT K% .32(2) :14-18.

Wl 4 o L B L A5 2011, b IR R TL R R K 7 X A XU L B
JK W I 8 B B A3 BT A5 . 37(5) :564-570.

BRI, R AL, BN L EL 2013, B 5 KU I Y 5 i RIS 0 AR AL Y
W43 BT, K4 39(10) :1265-1274.

AT E R sk AR 55 2013, & KA BT (1215) JR AP i T B
KB BE A0, K5 .39(12) :1561-1569.

PR J9. 2012, 2012 4F 8 H K HR MR KB, K 4. 38 (11,
1429-1435.

H A RS X JT . 5. 2016. NOAA/NESDIS £ & #a SiE K
G ORHE [ 29 i DT AL . By KR R, 32(1) 1 63-72.

FHr 7L BB AT 45 2009, 3 F] AMSU B i3 % % kL4 #1 0509 5
Matsa & KKK 40 T R 4E. <5, 35(12) 1 30-36.

VEBCE 5K @ ke, 2010, R & KR 55 1 30K X B % <4,
36(7) :43-49.

P25 T, R /NET L 45 2013, A CloudSat 10 & ¥ R 23 Hr #1HE < e
1) 45 SRR . b BR ) PR 4 , 56 (6) : 1809-1824.

AT, BLF 0 o T ST 55 L . 2012, W VL WY U 8 i 5 XU 4 R 1 1 22 %
TR IB R T AR 70(1) £ 15-29.

TR EORR ST L X AE. 2014, ASCAT S IT WUg 16 % [ I i 1Y
WK 5 5 0 . 4. 40(4) 1 473-481,

Delia Y C, Kevin K M, Cheng S L. 2011. Some Implications of core

kS

2

<

regime wind structure in western north pacific tropical cyclones.
Wea Forecasting,26:61-75.

Demuth ] K, DeMaria M, Knaff J A, et al. 2004. Validation of and
advanced microwave sounder units (AMSU) tropical cyclone in-
tensity and size estimation algorithms. ] Appl Meteor, 43 282-
296.

Dvorak V F. 1975, Tropical Cyclone intensity analysis and forecas-
ting from satellite imagery. Mon Wea Rev,103:1333-1346.
Dvorak V F. 1984. Tropical Cyclone intensity analysis using satellite

data. NOAA Tech Rep NESDIS, 11-47.

Franklin J L, Black M L, Valde K, 2003. GPS dropwindsonde wind
profiles in hurricanes and their operational implications. Wea
Forecasting, 18:32-44.

Holland G I, Merrill,R T. 1984. On the dynamics of tropical cyclone
structural changes. Quart ] Roy Meteo Soci,110:723-745.

Kelvin T F C,Johnny C L C. 2011. Size and strength of tropical cy-



1324 A

% 842 %

clones as inferred from QuikSCAT data. Mon Wea Rev, 140
811-824.

Knaff ] A,DeMaria M. 2010. NOAA/NESDIS Multiplatform Tropi-
cal Cyclone Surface Wind Analysis Users Manual. NOAA Tech
Rep NESDIS,

Knaff ] A,DeMaria M.Molenar D A. et al. 2011. An automated, ob-
jective, multi-satellite platform tropical cyclone surface wind
analysis. ] Appl Meteor Clim,50:2149-2166.

Knaff J] A,Longmore S P,Molenar D A. 2014. An objective satellite-
based tropical cyclone size climatology. J Climate,27:455-476.

Knaff J A, Sampson C R, et al. 2007a. Statistical tropical cyclone
wind radii prediction using climatology and persistence. Wea
Forecasting,22(4) . 781-791.

Knaff J A, Slocum C J, Musgrave C R et al. 2016. Using routinely
avaible information to estimate tropical wind structure. Mon
Wea Rev,144:1233-1247.

Knaff J] A,Zehr R M. 2007b. Reexamination of tropical cyclone wind-
pressure relationship. Wea Forecasting,22(1) :71-88.

Knaff J A,Zehr R M,Goldberg M D, et al. 2000. An example of tem-
perature structure differences in two cyclone systems derived
from the advanced microwave sounder unit. Wea Forecasting,
15:476-483.

Kossin J P. 2014. Hurricane wind-pressure relationship and eyewall
replacement cycles. Wea Forecasting,30:177-181.

Kossin J P, Sitkowski M. 2011. Predicting hurricane intensity and

structure changes associated with eyewall replacement cycles.
Wea Forecasting,27:484-488.

Mueller K J,Demaria M, Knaff ] A,et al. 2006. Objective estimation
of tropical cyclone wind structure from infrared satellite data.
Wea Forecasting,21(6) :990-1005.

Powell M D. Houston S H. Amat L R.et al. 1998. The HRD real-
time hurreicane wind analysis system. J] Wind Eng Ind Aerod,
77:53-64.

Stikowski M, Kossin ] P, Rozoff C M. 2011. Intensity and structure
change during Hurricane eyewall replacement cycles. Mon Wea
Rev,139:3829-3845.

Timothy L. O, Christopher S V. 2007. The advanced dvorak tech-
nique:continued development of an objective scheme to estimate
tropical cyclone intensity using geostationary infrared satellite
imagery. Wea Forecasting,22:287-298.

Wu L G, Tian W, Liu Q Y.et al. 2015. Implication of the observed
relationship between tropical cyclone size and intensity over the
western north pacific. ] Climate,28:9501-9506.

Ying M,Zhang W,Yu H,et al. 2014. An overview of the China Me-
teorological Administration tropical cyclone database. J Atmos
Oceanic Technol,31:287-301.

Zhou X Q,Wang B. 2011. Mechanism of concentric eyewall replace-
ment cycles and associated intensity change. J Atmos Sci, 68

972-988.



