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FOR CYCLONE RISK ANALYSIS IN INDIA

W EREL 27, RAUEE ST, MRE et
Hiroyuki WATABE, Harumi YASHIRO and Sei'ichiro FUKUSHIMA

Recently, various alternative risk transfer transactions have been issued to diversify the natural catastrophic risk retained by property &
casualty insurers to the financial market instead of traditional reinsurance market. Especially, the catastrophic bond based on the parametric
trigger such as the center pressure depth at the cyclone landing is high transparency and objective index for the investors. Gujarat State in
western part of India has rarely suffered the heavily losses by intense wind due to cyclone. The study is focused on the development of the
cyclone risk model to design risk financing such as risk securitization using parametric trigger. In this study, we statistically analyzed the
historical cyclone data to fit the probable distribution function of cyclone parameters. Using these parameters, we stochastically generated
a large number of cyclone events to estimate the peak gust wind speed at the assumed portfolio. After applying various types of
vulnerability function for buildings to the wind hazard, we obtained the risk curve.

Keywords: Risk Finance, Wind Disaster, Risk Curve, Cyclone Simulation, Portfolio
VR 77A4F VR, BK, VRIZH—T, $fr/urvIab—valy, K—r7+VF

1. [ZLHIC

HE, AV FTRAA, BXR, $EBEEEOHEMREEERLE LT
BEREETRLET, TIHFEPBREORRRLRY, HRFEYE
EEIZEAEOEREZREZL TN D, SRIZS BT, BAER - B
EFICIPEEMERREVRAENTVS, 25 LEEEDOSR, 1
YETRYA7uy, HESOBRKENFERLTREY, REOHEE
BERO—D2 Lo TS, FICREFRBDOFERLREMUK, M TidH

BRIVCHA 7O R EBHELRELTRY, CNODERREY

AT ~ORISIERERRERT L THBROTEETH D,

YA 7 urBRECRVIANBRT I ETHTRAET Z0, FHOR
ARV 3L 2K 3HE 2ETHY, LY A 7 o Y, FHLTEL
092, 0.18ERELEBODTHIRVERTH D, HICREBDOERL
7% 5— NEOO LEEEIER 01 BREL R2oTWA2, M
DEMELHEL, BE, KEELEEIREL TN,

5 LIABSRE, EXEEERZ b LTERIIOVWTIL, BEOE
DREET—FPL Y R 7FHEERITI LB L, BRETAVEA
WhEEERNRFELDI VR A 700 BRELEZEVWIEREFTT
OREERN2 ) R 7 MR EC I I 22520,

LIAT, IOLIRBERDOY RAZERICIE, BROZLLETV R
77 AT VAL DY RVEEBEHTH S, S ITHERE DRRIC

Mz, BRTHICHEZRDLARL ? BOVRI T 74T A
BRAELTWVWBE, I LRI R 77 A4 TV ADRFHLPROEERE
BEIOL, BERIESS IENERNTHL D, BERNRY R
I EFERIE ST, BEETNCLIFMERD Z LIZ25, Hi
FEFRITBNTIL, BERPSOTLARIN N V=225 35 X Y
w7 FYHF—ED OREODIZ, BEHRBRTMBRATRE RS,
T, BFRTIL, VR 774 TV R=— RIS T 50T,
AV ROYA 70 Y RIEHCRT IV A7) X7 ENA
DREEET N OEBHLBREIT D,

2. 4o a2 R OFEF®

FA 7B I HEIRRBIVERNICL2b0EH 5, BE
DOHEEEFINSIMERXEHTH S, TZTEFATIL, AiFER
T LT B, RRICL2BBHBEOKRE X1, B, AEMS
DEEFHEIC LY, —BROICIRERXBRRBEECEFTI DO LENTE
D, V R7FEMTH > THHFERNEHOFEBICBNTTFRIND
BXBRERET -2 B0ELRS, LAL, YT 2 @8E0RK
KBEHRET — & 25823 2 LILEFCKRBEEXRIThT26T, R
Bhel LTHOERHBTHRLTIEBOTHRICHRTIT—# 2%
B LRIEETHD, X BITIXAHR TR, FHENSESLDY X7 2R

CTUTHkery— BE T
*OREUELHBI) A2 AW 4 0 (T
ORERAHR L (T

Asian Disaster Reduction Center, M. Eng.
The Tokio Marine & Nichido Risk Consulting Co., Ltd., Dr. Eng.
Tokyo Electric Power Services Co., Ltd., Dr. Eng.

— 83—

NI | -El ectronic Library Service



Architectural

Institute of Japan

BN 2 TR, BRICAE LEEROF MR 2 X — b
T4V AELTHEY, HEOHBEZME L CRRIFMET 5,

L7edioT, ZBH T, 7, BEOFA 720137 A—F Ot
HERSML, CREECFERHICER LEY A 7 a2 AVTHEEK
DOFHMX S AU TR ABRBREEHET 5. RIZ, BONIEKE
BREERERECEBEDOREEZECRELEASAVTIEY T
I—-TEEAL, RBICAETER— b7+ VAOHELWMEL, B
ERWICAR Y RIFHMERITO & & L,

3. LI AVRTA—2DEE

BERBREREOHEIL, VA 7 ur0RfESmEEeTMEL, §E
CEVHETIVERD D, ZITHR, H4 27 ur0BBkEE, F.i
REE, EITHEE, BTAE, BNEEREYRE, LE#OPLRE
BEBICOWVWTRET 3,

3.1 FESHICBAVNSETF—4

SHAT BV N5 — # 11 Joint Typhoon Waming Center (JTWC) T &
% North Indian Ocean @ Best Track ¥—# ¥ Th 5, #EtHIRIIX
1945-2005 F L RENCE - TV 523, LER/5 2 —Z BREMICHE
LNBDIL N EFLURETHIZ b, FHRLTEIT—FHH
% 1972-2005 D 34 FER & L e,

SFTRHBRIIRIL, £ > FERTRARL, A 27 nr ) A7 HEHLD
TeDIIHBELTE7 V% 7— MUBIHIRE L, K 1ITRTLSiT7
Tx — PRI OWERIBVRE L 620km X — M EEB LB
BEOVA I BRI ET D, —RICKEDOY A 7 2 b BT
BBICT T E T O 15~20°2 TR @ LAt ~te = & 234
ERTEBY , BRALEYA 72 2RELES—FTRXBZLHBT
&5, £, FRARTIZ 10 FMIC 1 BREOY A 7 o p kT
B0HTHY, BEDOVA 70 0hieripl LiEFTTRT—#%
DRTAR+TRTH D, T TIIFERNRELTHTF—F%, 171
DERIZFE - RVEARE 64knot (33m/ss) KIED h2 I AR h—
A (BLTF, TS) bRk, 721, FL&ES 1000hpa % EES
BHLEDOIZOWTIXAIT S BRI Lz,

wiZ, F— b E2@BLE TS ORBER 212737, K¥iE, F—1
ZEEN LD ERAIGERT 328, —%, EUOKRBERMLS— &
BERICERTA TS bRLNS, TNLIZOWTIREALEHEL, o
HBEPLHATIEE L U EL Y DTHNR LR IBEOYA 72
B (TS &) XIELRoT,

2B, BEXBEREOHEIZIE, FLEER X RS RFEEE
R, DR A—EBRUETHD, LML b, FLREZSVTIX
JTWC TIRBRELTWRY, Tk, FLREKROWVW T,
Atokinson-Holiday» iz £ 2 (WX ZE W TITWC T L Y AR ¥4
7u P CORKEREEZECPLIERHE LE,

Vo =6.7-(P, — P )" )

T TIT, Ve RPLASETORKEE (knot), P i LEE (bpa),
P IXENRIE (bpa) THY, ZZ TIABEKEL 1010hpa® L BE
Lz, &7z, R, bBEF—&ix 2001 FELUELH%RL, BHOHEN
YA 7T L THaRT 2B fibianZ L2 b, EEOHRT
—E N ERVWBZLELE, RIIERFA 70 rF—F 55T,

84—

Longitude: 72°
Latitude: 19°
Gate Size:620km

M1 ®&ES—F

ad Cyulone Cyclone
7602 9902

M2 WEF— FEBBLEYA 7oy (1972-2005 4)

#1 F— MhaBERCB T B/EOYS 70 F—F

Max, Estimated "
Wind Speed Translation
Yoar |Month | Day | o |Longute | Lattude | ofy g gyq' | Comial | jiSpagq' | Arle
- of Cyclone (hpa) {km/hr) -

{knot)
1975 10 22 16 21.2 68.8 80 963 18 56
1876 6 2 2 19.6 714 40 994 13 81
1981 11 1 1 216 69.2 45 991 19 51
1982 1 8 5 20.1 703 85 958 26 53
1985 5 31 2 22.8 68.4 40 994 9 79
1996 6 18 4 203 70.8 85 976 13 83
1998 6 9 3 215 69.0 106 938 29 57
1999 5 20 2 23.1 67.9 110 933 1 60
2004 10 3 3 22.2 67.8 35 997 40 40
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Central Pressure Difference hpa Log-Normal 31 0.7
Translational Speed km/hr Log-Normal 18 0.5
Passing Angle deg Normat 62 15
Radius of the Maximum Wind Speed km Log-Normal 36-52 0.4
Frequency of Cyclone Passing times/yr Poisson 0.26 -
Filling Rate Coefficient: a, - - 0.033 -
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R4 RELEAR N7 75—

Mean Wind Open Exposure Gust Factors

Speed (m/s) N Mean C.O.V. Range
10 586 1.69 0.12 1.22-2.34
15 546 1.63 0.1 1.29-2.75
20 279 1.58 0.09 1.27-2.02
25 71 1.59 0.07 1.33-1.89
30 23 1.57 0.07 1.40-1.81
35 7 1.56 0.05 1.44-1.70
40 - - - -
45 - - - -
All 1512 1.64 0.1 1.22-2.75
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