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I nvestigation on the damage by Indian Ocean Tsunami at the southern coast in Sri
Lankain relation to the effect of lagoon, coastal sand dune and vegetation

HH R, fEx KR &* M.ILM. Mowjood*™*

Norio TANAKA, Yasushi SASAKI and M.I.M. MOWJOOD

For elucidating the effect of seaside forest on Tsunami protection, this study investigated the damage at

the southern coast in Sri Lanka by Indian Ocean Tsunami occurred at Dec.26.2004. The investigated area

covered about 250 km at the coast line. The representative vegetation was classified into five according to the

stand structure of the tree and their stem diameter (d), tree height, branch structure, density of the trees and the

forest-width to the Tsunami-direction were investigated. From the survey, mangrove, especially Rhizophora

apiculata forest, and Pandanus odoratissimum was effective to protect Tsunami damage with its complex root

structure. Two layer’s forest in vertical direction with Pandanus odoratissimum and Casuarina equisetifolia

were assumed effective to decrease the damage behind the forest. Mixed forest structure with small and large

diameter trees in plan view was also assumed important because the densely populated small diameter trees (d > 0.1)

can reduce the velocity of the tsunami current and large diameter trees (d >0.3) can trap the broken branches, houses,

etc. The survey indicates the importance of the horizontal and vertical forest structures.

Keywords: Tsunami, Seaside vegetation, Mangrove, Lagoon, Tree diameter
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Fig.1 Locations of the observed damage site

Fig.3 Damaged train and rails at Hikkaduwa
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3.2 MBHROIEEFRD
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2V T A OWNBEEAIE EENIC 2 2 2
~ v a— ) =—2A U — (Azadirachtaindica)
DA AR Z Z BRI L, # D E L Garden Forest
EEH LTS, LnL, SEIOHEELE o7k
FEOZ TR TH L5672 < B£&KITITa=
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WA ERH S, MR HEE 1 km 126 K ATERIA
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2) MR - T

HIZ LD ERBFNLENTIEE A L7200, H
MEDWHTH D Z LD, REEHVEIE S 41, 1R
TEWMHETAENIETEAETH ST, ELITY U
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Do FORIFTFERELD 10 m BLEIZH K, L
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EARTER L72BIZZ< B, aavy (Z0),
a7 A ¥ (Terminaliacatappa) . /X #F A (—H
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THENI DI, WEREZ v FUanT Ao
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L2y, #RHSORE A O NE IR LT, =
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HZ TRl

PHE O, Z < /IBBLO/INKEE . RV T,
TR ER, I LZREEIL Im L RICRD, =
AV AIRETLERL TN D, ZOHE, KUK
DRBEEDDRKEDSTZEEDbR, aax o
WS ITICEIR L CW BB H - T,

WOBEIT, TRV L | 4D 5 5w
R 2 & OF A% < | WAED B H35FTClEZ
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<, REEZERT IR, BRBE{FRIN T
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WA R CHERE L T 5,

3) VEAKIRA D FEEE

BT, REOWEK LW %2 ARSI B8, K LK
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W E VK E LTRSS NEERBICE E > TV, 2
DR OKEIRAIL, IRFEFBOHT AR, TRDHH
FAKICHRELEH 2 T D,

TSR DOBITHD & IRFE T, ABRICHE
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> J7 PR ST 35 U 2 HERGR KR VR 7 S R U
AR TS, ZOMAITEMEY 23 m &
HE SN, 220, HHRIH EORED HHEE
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NV OEFEEEIL, VA 7 ar R EnskEL2n
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2) Kalutara

Fig.4 |T Kalutara #S O ZEK 2 7~9, (XL OIT,
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Fig.4 Plan view at Kalutara

Fig.5 Cocos nucifera (damaged)

F1g 6 Pandanus odoratlssmum (No damage)

Fig.7 Rhizophora apiculata (No damage)
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DIF & A ERERANBEE S LT, = 27 ORI
PR CIIBI MEERE S KR E < D olfE b sy (EE
EEEOMTHE)  BEIX NS ORE T 280
U YERED 100 m BANIZ B 5 F & B tetafikiE L
7o R OIEBRS S1E. MES 50, 120, 160, 220 m
HWE T, TNEN3,13,1.1,09m TH -7z,

AT U 72 S 0% 500 m FEli, v v 7)1 o
WONHY ., ZOM (Line-B) I[ZITHKRICHEEL
7= #2553 & A (Pandanus odoratissimum)
L7~ (Casuarina equisetifolia) DOEEEDIMFIE
L CUWe(Fig.6), 7 N> & A DOEHRIEIZAI 20 m, €
7 <A 73K 40m TED I B 20mITES v AT
ENU BT AP RE T IC A A e L, IRAERE
WaTR LT e, FHR2ND 60 m 13727z s 2
AIHFE L CWEZEEMAIZHT 5, d#lE 130
06 m BETHY, IEINTWRNoT, Ziu
AR U ToBIARERIZ K 0 BIARHS 2 i 5 2 it & A3 b
L. BIAREOIMINC EFMA T, FERE LTHE
ML EBZ HD, BT - BH2005)I280
B LT-RRICBIT @il L, X & L ORIRA
ERD 3055 0.5 1% T 90-60%FLE £ ClET 5 =
EDRHBNTWD, BHERBEELFF O/ ZF A
BIARFF I W CRBROI RN RIS N2 b D L ARE
T, 72, Line-A [ZB T DMEERICEH, N F
FAORIAR Y 1 FIFREA 2 TS, ERIE R
Mol EZHND, Line-C IZBWTITERL LIz~
Y a—TNERREREHE LB O, )]
i b D EC KA MRR A EOEITA LT
N2 o T2 (Fig 7).

3) Hikkaduwa

Wi iR % A8 D F B AE LhE SN AR Th 5,
Z O AIITIEEIR WIS S 2 2 DR BT &
TI2FRBESH L1, Z<IFZ aDRROBED b
ES (MRS S 2 m-4m) THEMT L T2 (Fig.8), 1
W OBARIIIRA TN DN, XU FFADEAE,
KB — AV MBRKIZRDOEZ aDE
DEEHTHY, ZhE b b FTORKEDLAIL,
ISR AR D08, BIARE STRE 2B 2 5 H
T, BT 2R H 5 L5 ThD GELLITA

FRIR DN LED) o FERRAKERIE, JEBR L iR TR
SmPhb, WEEHRLD 300 m His (A7 50 B
) THI3m BL RS HEE LT,

ooy R (s ERISR 0.3 m, BIRRHRE
IE, BHWEZATK 4 m, F722ETHRRAHW TN
5L ZAITK 40 m FRE) 1. MEEAED 5K 500 m
S ETHo D, HBEITFEAE TOLEL DFE
BEEEEL, 500 m#ELVEUICHD T F—F
THEELE (BEEORAEIZaa Y TRESTZD
TIEAe < MBS B TIRE > TV o), 2 2-v 38t
TS e K BIRAERN & Z ATHERD 10 £F
PLEHNTWD Z &b B OIED & - T H
BRI N2 E BN,
4) Weligama

2T A U Ok (6 50 m (BT FRRE
#72.8 m) xEEHEIT IR O BRATE 18 m (R RRAER
6m) BIFET D (Fig9), UL, IEITHE<, Hko
FRIIMES N TWD 0L H D, BRI,
AR B 60 m DRFHIS TR 4 m Th o7z,
W7 DRI IR TE 7 S 2RRIICH) 30-50 cm (R4
SAVTUNZ (AR OB LD .
5) Rekawa

WhE Y Y — a7 —URabilli Y, ZOJEPH
X a vy BB IR TS 500, 100 m FEE
DXMIZES CTRRITEE Lo, W REIESAITICE
RNUAF A 10 m BREDOES THEEF LTV K
AIFN DR ZF ATE ST\, iz 7o
WX, HHOT 7 —r o~ 7 a—T k7 A
L 72(Fig.10), HOR OEAT LI /o X F A L 2
I UNBERL TN T4 2 (L&, Line-l) TIXH
45 m(Fig.1l), XV ZF2DH DT A v (Lith,
Line-I) TIIKI 64 m, 2 a¥ T DHD T A (LI,
Line-IlI) Ti3f 84 m Tholo, w7 m— 7k
A BfHEICEBT 5, BHRAKEITA 4m T, R
IR IT HAR - BEEHIRE S EDLbRhoT-, b
FrTEHS (AR S R) 1235 1 2 HE O A ) 454 (Line-T
DOIEHRTIE 5 m, Line-ILIT ORAAE A D D EIEAE)
> Mangrove AR DRERL A 2[R U CldZeniz o,
HIZ B L CTE ARV, 232 & DA Line-II
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T aY N COWRE BRI SNz Z Lk,
10m DJEE D/ ) AR T T ORELN R 2 1372
L7ieéEZ2LND,
6) Yala
EEIRARRIL, BRI A D TR 5~5.5m Th
ST, MPEMRIZH 72U V) — MR T VT AEIRTE
T o7z, HEHEZITHFRD 5 300 m HIL O H D ol
LTI E o722y, —HIZEY 24, 2D Fig.8 Pandanus odoratissmum (Broken) at
WZERZRMIZ TR LTz, HAE 015 m BREDE 7 ~F Hikkaduwa
i@ﬂ@#ok%@@\péom—olmQﬁ*%
(Bauhinia spp., Zizyphus spp.) % 200 m LA EiZ72 5T
72 EE L7=(Fig.12), 0.05 m F2EE DARAR D Z < IRk L |
MHL TV, B 03 m 7 7 A TRVDE S TRV
IR 5 K Manikara hexandra 13, PNFRIZIE S 407=
A AN AL s X ﬂ'JJ:&')“Cb‘t(Flg 13), 295 L7
FHAEHLIC £ %72 EH L AP < dizid, d=03m B ' -
L7 5 ADBKL BETH S LRAZ D, LinL, T

PEORZVEIARIE, B b J85E UBIHEEREDS K& < Fig.9 Casuarina equisetifolia (No damage) at
250 T, d=03mLl EOEARE d=0.1 m-0.3 m D% Weligama

LD EHEIIRIET 2 ZEDNEETHLEEZD
nd,
7) Olivil

Z O O IR KR ITME LR TR 2.5 m S o
HASIZ S K& UF2R\V, = 37 TR 1 i
TR AN Ui K 54 m C, 8 FIRREETFIE L7=A%, Ak
Lic ko iZaavroREHRITELS, TROFEEL

IR L7z, T2 TRETREIE, aav i HKoiiic Fig.10 Rhizophora apiculata (Broken) at
BRI PATIZE D AKEEMFEIE L, DK IR 282 Meddilla

THRELUEZFETIE, KN AR THo2720
B S 72 o 72 7 & T 5 (Fig 14).

3. 5 WEHREICRT 2R, BNRHREE

AEFHA LT Y T o T B A D BRI 2 T C
DA 72 T L, OFTHS 0 B TER - $EEDSAEY |
DL, @Lagoon (Mangrove % = & 3~ BB HIH) |
HDHNI@H R (10-30m 7 7 Z), BNBEIL TN
7o RV Y — AT IVFHBRRWVE Y & 0 IZEE
gk (DL BWFHREIVICTET), BRI 7 — Fig.11 Damaged mangrove forest (Excoecaria
VEDHHER &R EMEZ B, OF 22T s agallocha, Line I at Rekawa)
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T HEAUIE, 200m F2E OB TIZHE N Z 1L 5 Z L3 T
EFICQOR@E TEGE L 25 B 2320, Olivil D X 5 72
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DI F A F6 4 L 7= Z & A5 . Mangrove Zh3IXE 10
B CldEEm T 97, Mangrove BIARETINERD < D7
V=0 RE2EDTCHBVWERELE-EEZLND
(Fig.10), LA L. Yala HIXIZHW Tl EAKNE S
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DI E A% >~ T % Excoecaria agallocha=° &
JLXJ& Rhizophora @7 X LEEBER X, 772> 50 m
FEEETH o7z (HIRAKERITMHA L S 4-5m), 24
X 29 LeRfEE, KURZ & TedER ICEMERIIR T
ZERBOR MM EEK L T Db B2 b5,

3.6 ARRMGHTE & BIARE NEEE

Yala, Rekawa HimOFER LV | SERZN KT ZT (d
> 03 m:BHAA< D), MTEF d<01m: 72X
BIL - B AAEC D), 2OFH 27 7 A0 (0.1m<d
<03m) 23, EWEETEXTLHRMRS D &
S, o, MHAEZZITIED THERRW T T
ORAR (d>03m) WFEEICRETHZ & bEEL
BEZONT, 1220, ZRODOERMIES m 7 7 ADH:
WIZHT2HDTH D, Figlo (/30 T AR D
PFEARDL 2 ER(1985) DGR & i L TR, AR
TEARAER O N 2 ARIE, £ 02 d=0.1m
RETHLIN, BAEENEMETHDL LB, Z0
FME X <HET 5 &B % B i, Mangrove Ak & &
FTCINOBMHEZRTTT D 2 &L OEBEHENRIE S
oo — . BT ATENRUEF AN JEMEE R L
BAET ZHS T, E5ICZ ORI EE D ArFerEn
HOHNR, Fx v 7D 7y L ORMEFig15)%,
a2 VR ORI R I & S T,

3. 7 WBENROBHKZHR
AEOHE TiX, EMHRER EogEIL. Bt m
25 1 km PLEICKRATWD, MRS CIRIFE
Ao EDBEIDEIR L TV D,
BIARICE L Tk 2 a v 23 U, —Eo
B ZERN T, AT R E KBRS 2 Z L7 < &

Fig.13 Trapping effect by trees (Manikara hexandra)
at Yala

Fig.14 Creek effect (parallel to the coast line) at Olivil

Fig.15 Two layer forest (Cocos nucifera, Pandanus

odoratissimum) : little effect because of a wide gap

72



BERTHRE T35 53875 2005

10000

O EHAISHELCGRAMMBL (1)
ARBERAGE)

= JROT-HEHR (1)

O EHIRT HLDDRAMIME L HATRE (E1)
ARERUFTLE (GE1)
1000 o N

XNo damage (Pandanus)

©No damage (Pandanus+Casuarina)

+Broken: (Pandanus)

100 +

SUMMED DIAMETER OF TREE (cm)

0.1 1 10 100
TSUNAMI HEIGHT ABOVE GROUND SURFACE (m )

Fig.16 Relationship between Tsunami height and Summed
tree diameter of the Pandanus-forest compared with

Shuto(1985).
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