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Fig.2. Monthly distribution of Fig.3. Mean discharges in the Brahmaptra-
cyclones striking Bangla- Jamuna river system and the Ganges
desh?. River, and the monthly occurrence of
strong cyclones®.
Tablel. Major storm surge disasters in the Noakhali and Chittagong
districts.
Date District Features of the disaster
June 3, 1795 c*
Nov. 1797 N**
Nov. 1867 N Water depth in the interior area was 1.2m.
Nov. 1872 C
! Water depth on the main street was 0.75m.
Oct. 31, 1876| N, C |Hatiya(drownings : 36,324, cholera : about 60,000 cases)
Chittagong(drownings : 14,000, cholera : 18,000 cases)
Oct. 27, 1893 N
Oct. 1895 N
Oct. 24, 1897 C Kutubdia(drownings : 14,000, cholera : 18,000 cases)
Nov. 1904 C
May 1941 N
Aug. 1947 C
May 1958 C
Oct. 23, 1958 N

C*: Chittagong district, N**: Noakhali district.

ZbevvR—viicEBRLTVWS, Fig. 32 131891 #FH 5 1985 FE LTIt LELAZY 120D 55,
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Table 2. Major cyclones in Bangladesh since 1960 (Chowdhury [1991] supplemented by
Bangladesh Meteorological Department [1990] data).

Data Maximum wind speed | Storm surge height Number of death
(m/s) (m)

Oct. 9, 1960 45.0 3.0 3,000
Oct. 30, 1960 58.3 4.6—6.1 5,149
May 9, 1961 40.6 2.4—3.0 11,466
May 30, 1961 40.6 6.1—8.8 —
May 28, 1963 56.4 4.3—5.2 11,520
April 11, 1964 — - 196
May 11, 1965 45.0 3.7 19,279
May 31, 1965 — 6.1—7.6 -
Nov. 5, 1965 44 .4 2.4—3.7 —
Dec. 14, 1965 58.3 4.6—6.1 873
Oct. 1, 1966 40.6 4.6—9.1 850
Nov. 1, 1966 33.3 6.1—6.7 —
Oct. 11, 1967 — 1.8—8.5 —
Oct. 24, 1967 — 1.5—17.6 —
May 10, 1968 — 2.7—4.6 -
April 17, 1969 — — 75
Oct. 10, 1969 — 2.4—1.3 —
May 7, 1970 — 3.0—4.9 —

Oct. 23, 1970 45.3 — 300
Nov. 12, 1970 61.9 6.1—9.1 500,000
May 8, 1971 — 2.4—43 —
Sep. 30, 1971 — 24—43 —
Nov. 6, 1970 — 2.4—5.5 —
Nov. 18, 1973 - 2.4—4.0 —
Dec. 9, 1973 33.9 1.5—4.6 183
Aug. 15, 1974 26.9 1.5—6.7 —
Nov. 28, 1974 45.0 2.1—4.9 a few
Oct. 21, 1976 29.2 2.4—4.9 —
May 13, 1977 33.9 — -
Dec. 10, 1981 -26.9 1.8 2
Oct. 15, 1983 26.9 — —
Nov. 9, 1983 33.9 1.5 —
June 3, 1984 24.7 — —
May 25, 1985 42.8 3.0—4.6 11,069
Nov. 29, 1988 45.0 1.5—-3.0 2,000
April 29, 1991 62.5 6.1—17.6 138,000
June 2, 1991 27.8 1.8 -

DFWL, NVITSFVLRBO, THY EHEOF 9 ¥ T VBICEIT R 1960 FFE TOBREDY A S
oy KELEZLDILDM Table 1 ThH 2, 19 EDH A2 0y REQITHOHETHESEDLTL
50 Fo T VvIBIAERITE-TOARHEOH A 70 vy KERITHE6H3ATHY, /THYT
WRIT9TE 1L BObDTH 3, 18764E10 H 3l HitNF Y TREL2KETIEH 10 FART L, 40,
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Table3. Storm warning alerts issued at maritime ports in Bangladesh.

Storm
Distance Level warning Description
signals
) Cautionary 1 A region of squally weather exists in
Distant which a storm may be formed.
signals -
Warning 2 A storm has formed.
Cautionary 3 Port threatened by squally weather.
Warning 4 Port threatened by a storm, but the danger
' is not yet sufficiently great to justify ex-
treme precautionary measures.
Danger 5—T7 |Port will experience severe weather from
a storm of slight or moderate intensity.
5 |Storm expected to cross the coast to the
south of the port. :
Local 6 |Storm expected to cross the coast to the
signals north of the port.
7 |Storm expected over or near a port.
Great danger| 8—10 |Port will experience severe weather from
a storm of great intensity.
8 |Storm expected to cross the coast to the
south of the port.
9 {Storm expected to cross the coast to the
north of the port.
10 |Storm expected over or near a port.
Failure of communication Communication with the Meteorological
Warning Center has broken down, and
the local officer considers that there is
danger of bad weather.

19133 ADHLEEBA 2 b o T4 TETI, 1897410 8 24 BOSHTEH 14000 A, 2L 3tk
BRI 18000 ABE U EEbNTWS, ThHDELD, NV 3FYaTREBLE 100FEFIIKE
BY4 270y KENBORSWTELIESDIS, Fv & T ThHiE], 18764E 10 A 31 HIT 12000 A
BHEL, U ANILSTEL B>TWV3, CDLII, EHERMKS OREUHBOSHRENSE
OFFHMTOBEMRVBRINTE DI TH S,

1960 FELIRIZ > Wl Table 2P it LB SN TS, 1991 ¥ T 32 Ffic 37 oEmMKELI
BRINTHBY, BEOISRRBELTVWAILSEDONE, TOHT, 190F0S0MHEED TR
HLTBY, TOAKELZBICH A 70y vy 29 —OBBEECL3EHRENESRRILLIZEW
Zbe T, WHETOEMIKHERIZTERVWA, 0K, S, bHBETRLNSEHIC I TREHAL
DRI O RELTTEY, BRT B34 4 7 0 Y027 — b & RS ORGP BN ORE OB
CTRBBENTVREVZE S, B, BEDLDBREAEON VI S5F VBT 28REHO LV~ E
Table 39 IZ7R L7ze DHEICEXTHE VLS HEEESNTOLE I EMBIpMbR 3,
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3. Y1/ 0V DIREROFHE

3.1 ¥4/ nUBERBROERIR
ZOHA 78 viE, NUHANVBORLET4H 23 BItTHWEERE LTRELLI LY, IREEIC
L-oTEDONS, 4ABHICRBELTHA I 0V Ellat, &Y, TO¥A 27 uyi3itFmicEAL
B, UORICHEITEEIECY, 42683t 12, HESTEMETERE L, Zofhi%izm
MELT, 4A2THICiILELERY, BTARERIOVREZTLA 9 HICEF » ¥ I VHIKO#ERIC
FBELI, ¥4 7 0 0iEl% Fig. 410577, CORCR SEEOBRSREhTVAY, Thidkic
TT3oDRUBAMEBICE - T, ThENREEXENLLDOTH 5,
(1) 72 ) 2 SREBEERVCEEARSEEH v 2 — (U.S. Army and Air Force Joint
Typhoon Warning Center, JTWC)

(2) ~vrs3¥vazkEtAt (Bangladesh Red Crescent)

(3) ~Nv735 7y FEHRBEESIHEL (Space Research and Remote Sensing Organization,
SPARRSO)

JTWC BHEAFHED ST LBIKH>T, IOHIBOBREERAL TR —Thbh, 1990%FEH 5
BROKRFZ L L BEEFER (SPECTRUM) BEHBRALTVWS, O JTWC BEELLY A2
o ONER Table 4 ITRT BN TH B, RIRICEIA 70 vy OhLRELRLTHEH, hizs
VIRREBREZLLLDTH B,

FEF AR EROFFIHEML, ¥4 7 o0r0EIciE, ZOMNEICBETAEHERKL, ERY
HoTWAHIBDO AL ITIEY A 70 v OEAEHOE28HELT, Fy WL AEAELSERICL-T
BRHMOXIIIERMEES N, BRICKS V7 4 TIRL » TOEATERSERHIBROBA £ TREA N
5, 51T, HELREEL CHIRO AGPBPEIBERIC b 4/2 3, CORARBRRLIY 17020
B & f1i& % Table 5 12R7,

SPARRSO RXRHE» SOWMBEEEZEL TV S,

Ny rsFEva@GHEOus » PRPATIHEROL LSS
F->TORVOT, KREHELTIE, TAYHARED N
NOAA-11 L HAED GMS-4 D 2 2 DHEDEDEHE%
ZEL TS, NOAA-1l BBEEEHETHYD, ~Nv
57V AfHEOEOEEIF 1B 1EGVWL 2E LM @EL
BV, GMS-4 133RE 140 EOFRE EICfIEL TW2 DT,
Ry TS5FY a2 EBOBOMICIED, EFICEBALLE

LDZETEENTERY, RVYATLBOYA 7 uv%k ///
BT 2iid, 17 FOINSAT BBETH S LEbN 3
A, BIBMREE» S, ZETETVRY, Fig. 40
SPARRSO O£ L1744 7 v v O NOAA-11 ©
EOEEPORELLLDTH B, O, ¥4 7n v
DIEFESHME IR E VEEERT LIRS TRV,
SHEOEBEREAE, JWTC & SPARRSO OFEL -
REETIR, 100mbOENHELIANES, REDLT
5, ELOMBELOHAERDBHEREV, NV I 5F
YaX&E (BMD) TR, ¥vA, ¥7¥3, 397X Fig.4. Tracking paths of the 1991
NE-—LOIHEREEHL - ¥ —2BBL, v 53F cyclone.
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Table4. Position of and meteorological data on the 1991 cyclone published
by the Joint Typhoon Warning Center. Pressure data were recorded
by the Indian Meteorological Department.

DATE TIME | LAT | LONG WIND SPEED (kt) PRESSURE
(GMT) | °N) | (E) | MAXIMUM | MAX GUST (hPa)
APRIL 24 18 9.5 89.5 30 40
21 9.5 80.5
25 0 1105 89.2 30 40
3 10.6 89.0
6 11.2 87.7 35 45
9 11.4 87.4
12 12.0 87.0 40 50
15 12.4 86.7 996
18 11.6 87.4 45 55
21 11.8 87.2
26 0 11.6 87.1 45 55
3 11.7 86.9
6 11.6 86.7 45 55
9 11.7 86.5
12 11.3 87.2 50 65 990
15 11.4 87.1
18 11.5 87.4 55 70
21 11.6 87.3
27 0 11.7 87.4 60 75
3 11.8 87.3
6 13.1 87.4 60 75 990
9 13.3 87.4
12 14.3 87.0 70 85 975
15 14.7 86.9
18 14.5 87.0 90 110
21 14.8 87.0
28 0 14.8 87.2 90 110 970
3 15.0 87.2
6 15.9 87.8 90 110
9 16.3 87.8 957
12 16.3 88.3 9 115
15 16.6 88.5
18 17.3 88.9 110 135
21 17.8 89.1
29 0 18.4 89.3 115 140
3 19.0 89.5
6 19.4 89.8 130 160
9 19.9 90.1
12 20.4 90.5 140 170
15 20.9 90.8 940
18 21.7 91.3 135 165
21 22.2 91.7
30 0 23.0 92.4 130 160
3 23.5 92.8
6 25.0 94.7 110 135
9 25.8 95.8
12 25.0 96.0 80 100
15 25.3 97.0
18 25.6 98.5 50 65
21 25.8 99.4
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88°E 89 90 9 92 Table5. Positions of the 1991 cy-
clone warning signal
transmission records of
c\\f\ the Red Crescent of
26°N G (‘ Bangladesh.
SAIDPUR
D[NAJPURO“ ® @ RANGRUR DATE TIME | LAT | LONG
J’Q (GMD | CN) | CE)
S——TN APRIL 24 3 10.0 89.0
25 ® B0GRA N SYLHET ® 12 11.3 88.5
HYHENSINGH 18 11.5 88.5
HhISAlL © TANGAIL SRINANGAL @ 26 0 11.8 88.5
2% Lxsmmm ,/\/ 6 11.8 88.5
[ ’ 9 11.8 88.5
T A 12 11.8 | 875
COMILLA
23 a A E I Y ((ﬂg 27 138 };2 ggg
HADARTPUR Y . .
) e KHILIA o OHA!_JFD?EICOURT \ 6 13.0 | 875
SATKRIRA® o oih BARISAL sn@iuubu l oRAQGAHATI 9 13.6 87.5
z ) gﬁis;\bm}m CRITTAGONG {(AMBAGAY) 12 14.0 87.5
22 D) HONGLA RRIUMKIALIZY )1/ %cs'gmwoﬁmmm) 18 145 | 875
T R oY et B R B 8 | 153 | &5
o 6 15.8 87.7
COX’S BAZAR 9 16.3 88.0
2 12 16.8 88.0
! \‘}TEKNAF 18 17.6 88.3
29 0 18.5 88.7
Fig.5. Locations of the meteorological stations in Z %gg ggg

12 20.8 90.4
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FEOLIA, T4 VsNERBIE VDI, F— 5 E2EES 18 220 | 914
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Ko TOEZ L EEHTREABRAOOTOARETH S, COV—F—itk-> THRAENWEDZ o -
B, 7oy E—-F 4 A7 REBENTVE, B4 7000V -5 —-0BRBAFTEIE, H472
o vOBTRERLDEL DY, BRLEARCRETE2LBbh3, L, BEoL 5, B
RBHINTE ST, EHETREBRIBETEE Y,

Ny s Fy KR 36 HEROM EBRISAAS D, TRLOMBERLDMFig. 5ThH 5, &
FORRBEMIIHMTE, 1HSETHS, 4298 12,530 HIKETO, RSO REEE
OFED X > 7% Fig. 6 1SR, FARICRY 1 7o vohlfiBEdRLTVAY, HEHOoBRZRSEDS
h3, VL Oh DB THRENBRI S hich, RRBRHEES 40 m/s 2BA L0’ KOLBYTH S,
2 he7F4TEBT04Am/s, Y9275 T499m/s, Ty 7 ANF—AT463m/s, F—FT463m
/8, TSI TALTm/s, SV TH)TA2m/s THoto NV I 77V 2 8RB TOERBERITI
O, IOV SHhOMETIE, YV FY 49 7T65m/s 2B LA EBRESA TV,

BRESERF v sTy (FyHy) T4H29H2 K 958 hPa BElS N, T OEFRIEY A 2
oy OHRLO BRSO CEL TH B, #4170V HBEELZORIOKETREVWOT, ZOEMSE
BohlLIEERLTVEDITTIREY, BRIIESHh, X0FELVEBRGIZ Fig. TiRd, Th
g, NV FVLEBEOROYT e 72 O ETHRMEhE b D TH R, COMBYAL 7Yy
Ofd, FvyITrBELREISA TV, KUEIE4 A 308 1 K45 522id 930 hPa LI TFic 4 - TERRITEE

_7_



126

FABRHRER $EHHA T4 4

(1992)

= R . o
APRIL 29 122 APRIL 28 152 APRIL 28 182
e L L
. f . “~
1 & s Y
FE A 4 Fh
2]
1 T 1 ! LI 1 T
s ¥ \
—— g '_‘l‘——!——
APRIL 30 03

SR

APRIL 29 212

o)

APRIL 30 002

Fig. 6. Time series of the wind distribution from 12Z on the 29th to 03Z on the
30th of April during the 1991 cyclone. The bar indicates a grade of wind
The position of the cyclone
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force of 1 and the pennant a grade of 5.
(9) as determined by the JTWC.
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vy ship, Umar Frooq,
at Chittagong Port.
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Distribution of rainfall (mm)
from 06Z on the 29th to 06Z

on the 30th of April.
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Wil o tehs, 2ERICiZ 935 hPalcBIE L1z, COM ETOBMRAIFIRBEEERLISNTIREVEY,
BLOVBEREEVW >hoBRSTHREaNZ, AR FY Tk, 4B 29H158E»5 18KBETOD3
BRRIc 8lmn, =4 Y =3 —FTI34 8 29H 215 4 B 30 H 0B £ T 3 Bfic 80 mmD MERT %5063
L7z 48 29H6EH5 4830 H6BETORMKRDONEE: Fig. 8ICRT, BRbBKESEM -1
DRNFPT2200mEHE T35, BKERNM 100 mEEA 2RI v ¥ 2O DOMTIIRS - T 3,
chii, ATEEDEBET, 4427 o0 vOtROoRELLBRL-THLSINALI EDbh S,

3.2 MBESEOSEEOEENR

FELLBRR, Zodld 5¥E 200 fEEOMAANTIE, JE/ Y — v iRBEEOHERICHRS QT
VT, BELEMNE L TERBROSEREEILHRCAHLTVR LRETHILNBTES, TORED
bz, FEYE, Schloemer REARR ZAVT, ARBAOKEROEEMRITOHELHFEL 1o
COHFEEHWT, 1951 Fh 5 1983 % T B EMicHAR L FELASRD S b FREROPLE
FEA3 980 mb LA F D 49 0 FEE G EIC W T LEER | Bl S IcRUEBO BB 21TV, L OME,
BLGE, POSFETRS & CRATREREEREZRE L1

COFEEARAVT, 191F4829~30BNYIFS5Fva 42872942 0ryDKEBORRE
fT-THto L L, BHENPLIEOERREIEL, BYBERB O, -7, TORRERE,
FELT, BRFONGEEOHEICLY, Hbd B HmlROKEEE K % WHEBIC SV THRIE
B2 ~3HEDRVWC Ltk BbDEEILNE, £IT, FHVM, 1990498 19 HicfikLES
ERTOREAIC LEEL 72 B/ 9019 SO KEBOBTIc BV THRA L RERE#RIC L v BRIEN OV S %
BOBITFERCOY A 7 0y OKESORTICERL T,

(1 & M

Bimiciy, v S5 FyERO I8EARO 3EHC E oBEK[EER W, KL, COBENOK
BPTYy v yD29H2E (GMT) OBEXEIZ9439mb Thy, T HICHETET, Sk
BhibsDT, BIFOSVWRA L, $1z, BRI 3 B & RoBllE s, BUBHORELHD
et BMUL, LaL, BALOBERL ) BET 00, ChooBERItREAw, (51/2)
@it 7.

(2) BEBrohE
¥ERHEDOREN %54 5 Schloemer DX, i S DEMricB I35 E.Rp T3 L,
PTP AP @ TVF e ()
tFahd, ZORT, p. BPORE, I ZPLOKREEBTE, xidr/r, cELL, r, BEHRESE
RNERBERTH 3,
B, BREEcE, PMPETHEOSESHE LB, ROLIBES w, 2HT
2o

w,=&, r>10}
r

w,=10, r<10

ZCT, ri3mTHl-7-{ETH 5,
SEEOREMBRE, ROFMHEicL D SHEMETEITL, A1) TEILATEIEIEEOKUES
HEBELISEBRTEL S, BROFLOBRE S, BEL p., I BLUr, OO N4 -9 —%
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BATICEIL - T, ¢ & A OFIHIEZEX TH BESS B,
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+4 70 yORLOKRE - BEEZHO,

Y, ¥4 70 0000 ¢ & A OFHEOMEIRSDLLT,
EREZOPLOME IR SE, ThEAKRLT,

IhoDlE LT, JTWCHERELR

BRI & 0 IS OBRIE

FEFEORESMEERT 5, TOKE

OHEAMEDEEFHMORHERNL) TERT, hid, r, DE%X0S5mBEBTELS NS & 4,0
EERkHTVE, Bhw, & w, 283 -RFoBRIB O " REE

__\/ Zwtwr(pcomp_pobs)z
=

ww,

BBNERB 1, p.BLU I ODEERDZOTH B, 5B, TORT, DPom &P i THZFN, &

(1) 2k 2KTOHEN - HESTOBRETS 2, KIS,

FLDOAIE ERRE 0.01° & 5 W IZERRE 0.01°

Table6. Values of the parameters determined by objective pressure analysis.
Date Time ] A De Ap ry G,
(GMT) (GMT) CN) CE (mb) (mb) (km) (mb)
'91. 4. 29 18 21.95 91.30 946.9 60.5 50.5 3.6
'91.4. 29 21 22.60 91.79 948.8 60.5 55.5 3.6
'€ T 1 | T ‘t\ N 3
25 25
\QQQ

20—

|

18 GMT, Aprit 29, 1991

L | | |

89

Fig. 9(a).

90 ot 92

Distribution of observed sea
level pressures and sea surface
winds, and the isobars obtain-
ed by objective pressure anal-
ysis at 18 GMT, April 29,
1991. “J” and “O” denote the
center positions determined
by the JTWC and by objective
analysis. A full wind barb
equals 10knots, one flag 50
knots.
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21 GMT, April 29,1991

1 I | |

89

Fig. 9(b).

90 9 92 93°E

Same as Fig.9(a), but the
isobars are at 21 GMT, April
29, 1991,
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FOBBSH T IO ERVEL, o, DEINSRIAMANPLEBBHSE TV, ZLT, o,»
BNEBBEOMABDEELT, ¢, A D, 4p, BLUr, DEERET HDTH 5,

(3) #RbTHRESR

R OGSO RBTEIC L BRRD I BT, EHEFZELONARERSBONIDE, 29 H 18K
20 (WFNS /) = VEEER) 0 2f|l0AaTHYD, ThoORENICET 2HTIC L D REL 725/3
5 A — % —Ofti% Table 6 IR d, 1, WHHEERICK 2 EHERONM% Fig. 9 ICKIRT 5, OIS
BOT, JTWCIKEAPLOMEGRLTH BA5, TOAMEIX L TREMRITICK 24000 E 3 30
—40kmdbdticlm->TWB, UL, ThoOREMTICK Z00ER, S RdENh, BIOMHho
BEBEASRE LB ED OB TEMBMEEEL SN 5,

BH, MhOMLORITICE W THLGES 900 mb A% 5 75 LR T N EEEREAB SN H - DI,
BRI Y4 7 o v ol L T—A AR > TWA I LItk bDEEL SN B,

3.3 MEKE

Ny r5FY 2 OHED AL Photo 1ITRT LIS, MTRAZEICFEOHARBRIHEATVL B,
25 m/s QJEMRNL, BRICHL, £LOEMVREENILILETHAS, LhL, ThoRBEATE
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Photo 1. Restored houses.
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Schloemer’s model; {( ) :from other data sources.
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Photo 2. Blowndown brick walls.

Photo 3. Broken electric line pole.

Photo 4 132 v 7 ZNF — L OHHEET OB H - H-METH B, AT OIATEAS 45.9 m /s TH
B, COVMEDOESTL m/sREDRTH -2 BbN b, BERSHNA TV L& bMNnL,
COPMEORRIEZE R EHP N TS, DYEEORERE#HBALE W, i PIASEHIBAIRD & D
TREL, METHICEICEHLTWE bDEEbN B, Wﬁmw&&@@@uingﬁHfit
BIEHEASEMNCE 0 AL THEEA T BIEHMS 505, 20E ) BT TV B, FoF, I
DN B RN E L, AZE2FPT VDT, T%%ﬁw§<wbﬁﬁfﬁ<ltﬁk$T%%o

Photo 5 345K 3 HIRICBIMIA D LB | FELEOREICKE S 60T, EEOIEHROPKT v 7
f@@@f&é —HATEER T v 7B ERHAY, @3M8mbd-7/ic LT, BHMOKEH

W OEBHIEIH . FIEEOEBERIZAMO 7 5 v VIcB i 35 ER L+ DM TH A S8, 20
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Photo 4. Peeling off thinplate roofing.

E di

Photo 5. Destruction of an antenna tower. Photograph taken by
Mr. H. Baba, lst Secretary of the Embassy of Japan.
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T3 80 m/s LA A DI TERINE, MEMHCEALTHET 2L REEGELONL, £
Ofth T DHEICIRIFFICE L O — TVEMRTE R - TW3, Th o BEEOEEEER, (et
Ablodic, ®hRaEY, BMIZibE D Lichniun,
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Fig. 11. Sea chart of the Bay of Bengal.
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elevation of storm surge
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Fig.12. Sample of storm surge

tracings.



134

RABKMERTESH $3BHESA F4. 4 (1992

Elevation of the storm surge caused by
the 1991 cyclone in Chittagong @

Reference level = M.W.L. = 2.1m C.D.L.

CPA: Chittagong Port Authority

DII: Danish Hydraulic Institute

JPN: Ministry of Education, Science and Culture, Japan _

% P28 tE i =
#QY 5.3m (max.,CPA)~ 5.8m (max., JPN)~

LEGE!.DS

Sy @
n (max., JPN)4
/A c

Vv v o
7.9m (max.,CPA)
8.2m (max.,CPA) .

5.7m (st., DNT) 3 ! @

Fig. 13. Storm surge elevation in Chittagong.
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Elevation of the storm surge along the coast of
Bangladesh caused by the 1991 cyclone.

Reference level = M.W.L. = 2.1m C.D.L.
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Fig. 14, Observed storm surge elevation along the coast in Bangladesh.
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RLTWE, ThodF—#i3, Chittagong Port Authority (1991), Danish Hydraulic Institute
(1991), BIUVEEOIKEL-THBONLLDOTH S, M5, NVHVBOBRTISHIE VT &8
LD THEY, THIIEHOREA =X Lo BBEINIERTH S,
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Fig. 15. Surface wind fields computed by three typhoon models.
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Fig.16. Comparison of the radial distribution of the sea surface pressures
between observations and Schloemer’s formula.
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Table8. List of worldwide catastrophic storm surge

disasters.
Country |Year|Number of| Risk to | Lifespan
dead life (in years)
X104 X10-¢
Netherland | 1287 5 38.6 23.5
Indnesia 1737 30 1.57 23.0
Japan 1828 1.3 0.406 38.5
India 1864 517 0.226 23.5
” 1876 20 0.769 23.5
Vietnam 1881 30 — —
India 1882 10 0.373 23.5
# 1942 4 0.125 30.8
Bangladesh | 1963 2.2 0.371 40.4
” 1965 5.7 0.917 42.8
” 1970 50 7.14 46.3
India 1971 1 0.0228 46.0
” 1977 2 0.0328 51.0
Bangladesh | 1985 1 0.0101 58.0
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Fig. 23. Flooded area, inundation depth, and
maximum anomaly of the storm surges
at Chittagong.
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Photo 6. Brick wall toppled by flooding water.

Photo 7. Damaged levee that had been armored with asph-
dlt and bricks along the right side of the mouth
of the Karnafuli River.
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(b)
Photo 8. Broken concrete blocks from a sea dike
near the south end of Chittagong.
(a) concrete blocks
(b)  scattered blocks and clay core
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Sandwip

Fig. 25. Damaged coastal dikes around Sandwip and Kutubdia

islands.
Table9. Damaged areas, population, number of deaths, and risk
to life.
Area Population | Density of | Number of Risk to
Population Deaths Life
Sandwip 318,158 418/km? 23,090 0.0726
Chittagong 2,029,557 8,421 1,651 0.00813
Patia 430,149 1,277 894 0.00208
Anwara 218,222 | 1,455 9,970 0.0456
Banskhali 327,648 903 42,117 0.129
Kutubdia 101,118 954 19,133 0.189
Chakaria 392,427 651 17,442 0.0440
Maheshkhali 191,357 491 12,137 0.0624
Cox’s Bazar 230,257 1,107 1,260 0.00547
Hatia 300,819 295 2,956 0.00983
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Fig. 29. Relation between lifespan and risk to life in cata-
strophic natural disasters world-wide since the 12th
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Fig. 30. Relation between the power
of large scale typhoons that
have struck Japan and that
of the 1991 cyclone, and the
numbers of dead.
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Fig.31. Relation between risk to life

and the number of houses
completely destroyed by the
1991 cyclone and by typhoons
due to accompanying storm
surges.
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Table 10. Damage to educational facilities.
Primary |Secondary| Colleges | Madrasas | Total
Nubmber of
(A) Educational 12,083 2,151 193 1,106 15,533
Institutes
(B) Damaged 3,532 652 82 912 5,178
(B/AY (%) 29.2 30.3 42.5 82.5 33.3
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Fig. 32. Relationship between national income per person

and lifespan®™.
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STORM SURGE AND SEVERE WIND DISASTERS CAUSED
BY THE 1991 CYCLONE IN BANGLADESH

By Junji Katsura and his research group

Abstract

At the midnight on 29 April 1991, a cyclone accompanied with storm surges hit
the southeast area of Bangladesh. Unfortunately, the the maximum anomaly of the
storm surges simultaneously occurred at the spring high tide. The highest tidal
level observed in Chittagong was 7.875 m above MSL, therefore every coastal dike
was overflowed by the storm surges and flooding occurred at the coastal lowland
and islands. The number of the dead was more than 130,000, which was the fifth
worst storm surge disasters in the world since the 13th century. After the 1970
storm surge disasters which generated severe damages in the central of Bangladesh,
construction of cyclone shelter and Cyclone Prepardness Programme (CPP) have
been promoted to reduce the disaster victims. Nevertheless, these projects are not
enough to be effective at the southeast area. Through the field survey, the
characteristics of the storm surges in Bengal bay and spatial distribution of human
and property damages and prepardness of countermeasures are analyzed.



