50)

NGHIER COU & TRAO DI

3. Hortkawa, K, Shuio, M, and Nishimura, H., 1969, Characteristic asctfation of water tn an L-shaped bav.
Coastal Eng. it fapan, 12: 47-56.

4. Hwang, L-5. and Tuck, £ O, 1970, On the oscilfations of harbours of arbitrary shape., 4. Fluid Mech,, 42; 447-
Jed,

5, Imamura, F, Shuto, N, Gota, C, 1998, Numericol simulation of the transoceanic propagation of Esunar,
Proceedings of paper presenled af the Sixth Congress of the Astan and Pacific Regional Division, Inf. Assoc, Hy-
drawt. Res., Kyolo, fapan.

6. lppan, A. T, and Goda, Y., 1963, “Wave-induced Oscillatfons in Harbor: the Solution for o Fectan-gular Har-
bor Connected to Qpen-Sea,” Repart No. 55, Hydrodynamic Lab., M. L T. MA, U.S.A,

7. 0iia, 1, and Munk, 1%, 1961, “Harbor Paradox,” fournal of Waterway and Harbar Divisian, ASCE, Vol 87, Na.
VW3, pp. 111-132,

5. Rabinowich, A., B, 2009. Seickes and Harbor Osciflations - Handbook of Coeasraf and Ocean Engineering
fedited by ¥.C Kim), World Scientificc Pubd, Singapoure,

9. Tanaka, M., Nandasena, M. A, K, Sinedasa, K 5. 8. M, Sasaki, ¥, Tanimoto, ) Mowjood, M, 1 M, 2009, Devel-
aping effective vagetation bioshield for Bsundmi protection, Journal of Chvit and Environmental Enginesring
Systems, Taylor & Francls, Vol 26, pp. 183-180.

10, Nguven Ba Thiy, Tonfmoto, K, Tanaka, N, Harada K., fimura, K., Effect of open gap in coastal forest on
tsunami Run-up - Investigations by experfment and numerical simulation, Ocean Engineerfng, Elsevier, 36
(2008, 1258.-1260.

AP DUNG MO HINH THUY LUC MIKE 11 PEBDANH GIA
NGUY CO XAM NHAP MAN THEO KICH BAN
NUGC BIEN DANG TINH NAN DINH

PGS.TS. LS Thanh Ha, TS. Dueng ¥an Kham - Vign Khoa hgc Khi tugng Thly van va Mof i:rchmg
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R A & hink AMIKE 11 duioc dp dung A8 ddnh gid tnk Rink xdm nhdp mdn frén cdc séng cﬁ&y gLt

iy # : Meen Binh cho kS qud 165 Vige higu chink v kidm dinfi ms hinh thdy v vd lan traysn chét

i i duipe thuc hign ver bo 53 ligw do dac taf mét sd vitritrén sdng Hing, song Minh Covd sdng £1dy
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TOM TAT

Trong nghién cin ndy, sw suy gidm ndng lwpmg song va dj sdu ngdp lut khi odc song dai (sing thdn, nude ddng do
béio) truyén qua rimg phong hd ven bor duge tin todn phdn tich bang md hinh 56 tri. Mo hinh 56 tri dupe phét trién dya
trén hé phitmg trinh séng déi mgt chiéu va d dwpe kiém chimg von 58 ligu thi nghiém irong mdng séng. Hé s6 cin ciia
cdy dhege finh o6 xem xét ddng thon dnh hueimg cia than, ré, 1a va einh, Mo hinh sau d6 duge dp dyng tink todn thir
nghigm cho truimg hgp dia hinh ving bir dom gidn va phin bé edy dong nhdi. Trong d6, cdy dira dgi, mgi lodi cidy phi
bidn mpe & viing ven b cde medic Nam vé Déng Nam A dupe lya chon. Kit qua tinh todn cho thdy vy 200m bé day ciia
rimg vis mdi dg cdy 0,226 cdy/m’ co th lam suy gidm ndng lugmg song va di sdu ngdp fut 161 65% va 30% twomg img,

MO BAU

Séng than, nréc ding bdo 14 nhimg thién tai
nwhmgﬂymﬁhﬂjlﬁnv&nguﬁﬁﬁjﬂnm
nhién khu wire trén thé gi¢i, Py 14 dang song cd
chu ky dai, khi lan truyén vio ving mréc ning sé
mang theo mot ngudn néng hrong lém giy ngdp Iut
va pha hily céc cong trinh ven b, Cho tdi thai diém
néy nhimg nghién ciru vé hai dang song dai niy da
duoc thye hién nhiu tai Viét Nam ciing nhir trén thé
gidi va hé théng canh bao, dy bio dd duoc thiét Lip
mii cich nghiép vu dé phong trinh, gidm nhe thigt
hai. Tuy nhién, nghién ciri ddnh gid mic dd ngip
Iyt va sirc phé hily cia song thn, mréc ding bio
con cha dwpc thye hién nhidu. Dic bigt nhimg
nghién cim d& xuft cic gidi phap phong ngira cho
viing bér héu nhar chira c6 tai nirdc ta. Sau trin song
thén lich sir nim 2004 tai dio Sumatra - Indonesia,

théng rimg ven b (bao gdm rimg ngip min). Bé
ngin ngira thim hoa séng thin thi cic gidi phip

cong trinh (48, ke), phi cong winh (hé thong nimg
phéng h{) va gidi phip két hop giita cong trinh va
phi cong trinh dang dwoc nhdc t6i nhidu. Hién tai
nimg phong hj ven bi dang 13 sy lya chon rjng rii
béi tinh hiéu qua vé kinh té va kha niing bao vé mbi
trromg. Mic di vin con nhiéu vin dé tranh cai do
chira thye sy duge nghién clru ddy di va séu rong,
nhimg trén thue 1€ d3 c6 mdt vai dy 4n trong rimg
chéng tham hoa séng thin dang dugc trién khai tai
mbt sb mrée & Nam va Dong Nam A nhir Srilanka,
Indonesia va Thai Lan.

Kha ning ngiin cin séng béng rimg phing h)
ven b di dwge minh chimg qua nhidu chuyén didu
tra, khao sit, nhit 14 sau triin song thin tai An B9
Duong nim 2004 [1, 5, 7, 8). Phin lén cic cong
trinh trén tip trung vao diéu tra, phin tich khd ning
clia cdc lodi cily trong ngén cin séng thin dyra theo
céc yéu th mit db cly, kich thudc va phin bd rimg,
sgrcch'sud;.mgmmﬁadéumamk&mn
ring hé thing nimg ven b thyre sy c6 § nghia trong
ngin can séng thin. Bén canh 46, rdng nghién ci
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trong phong thi nghiém (st dung mang séng) va md
hinh sb ti cing di dugc trién khai nhiéu, Theo
huémg nghién ciru bing thi ngl'utm. di c6 nhicu
cong trinh dwoc thyc hién trong mang thi nglu:m
song. O do, mucsu}'gmmdﬂmuvavﬁntﬁ: song
duge phan tich va nhimg so lign niy dwgc dﬁng de
hitu chinh cdc md hinh tinh todn [2, 4. 6]. Céc
nghn:n cim trong phéng thi ngluem ty ¢o mit so
ché nhét dinh vé tdm véc va tinh hién thye,
njmngnulacnwﬂmn ludn cho cic Iy thu:,:i v
nghién ciu thye nghiém. Cho tm théi diém nay
hudng nghién ciru bang md hinh s6 1a plw bmn ham
cd. Dy la phwong phip rit hiru dung vi cic s0 ligu
do dac trong thwc 1€ ld rat han che. Cic tic gia
Harada vi Imamura dd thiét 1ip mé hinh phan tich
arh hudng cia cdy théng, mit lodi civ phd bién &
viing ven bir Nhiit Ban trong ngdn can song théin [3].

Kha nfing ngin can s-trng cia hé Ihong nmg ven
bé phy thude vio cic tham sb song ven bé, dia hinh
ving bé, lodi cdv (dic tnmg cay, sm: :!uu dl_mgj
mat d6 chy, kich thede va phin bo nimg. Do viy,
nghién ciru diy di, lya chon vi dwa ra cic giai phip
hop Iv v& quy hoach rimg cho timg viing bér cu thé
dé ph-fmg !runh vd phuc vu cong tac quy hoach la
nhi¢m cén thiét lac néy.

3, (0 ag , gn
Cee , ClEr | od 3
ot +ﬂx[d] ¥ a™

O day, Q. la lvu legng nudc theo phuong x, ¢ 1a
thin man, 4 la lurtgdfuséu{d =h+£), h la 4§ sdu ban
diu, £ 14 dao dong myrc nurde trén dd cao trung binh,
glag:alﬁctmngm:bng, plémaldomrdrchn?;n,n
4 hé sb n]mm (n=0,025 trong tinh todn n&v‘j ¥ mat
db cay (so cay/m” ]* rf ¥ Cpuey 18 dO n‘:mg be ngang
vi hé 56 can cia ciy tinh tai d9 cao quy wac (chi tiet
tai phin 3). H¢ phuong trinh trén duge glﬁ bing
phrong phdp sai phdn hiru han. Thinh phiin thir 5
trong phuromg trinh (2) 1a dai qung cia lye cin do
tac djng cuia cay. Tai bicn truyén song ngodi khoi,
dao ds;mg song vii df cao va chu ky dugc xac dinh.
Vi cac bién long kiw: di¢u kign phat xa dwoc dp
dung, trong khi dé diéu kién bién di dong dugc ap
dung lai cafhléncun,g{:h:ucivcsudﬁsﬂcuamﬁ
hinh, céc diéu kién bién dii dugc trinh by chi tiét
trong cong trinh [10].

KET QUA TINH TOAN KIEM CHUNG MO
HiNH

B¢ kiem chimg kha ndng tinh toan ciia md hinh,
trong nghién cir ndy, cic tdc gia da si dung ket qua
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Trong n,ghlen cira ndy, sir suy giam ning qurng
sﬂng vi df siu nglp lul khi cic s;‘.mg dai (song thén,
mirde ding do bio) lmw.u qua img phong h{ ven ba
dugc tinh todn, phian tich trén co sg mé hinh s6 m
O day, md hinh s6 tri dwgc nghién ciru va ph.at tricn
dwa trén hé phwong trinh séng dai mit chiéu cd xem
xét den anh hurong cua Iye can do qua trinh song lan
truyén qua hé théng cy. Mé hinh sau day diroc ip
dung cho truémg hop phin bo dnng nhil cua ciy.
Cay dira dai, mt lodi ciy pho bién moc o ving ven
bor cac nirde Wam vi Barng‘hlam A duge lra chon.
Kha ning lam suy giam ning lugng song va do siu
ngap lut d3 dugc phin tich trén co so cic két qua
tinh todn cho tredmg hep ¢6 nmg va khing cd nmg.

MO HINH TINH TOAN

Mb hinh tinh toin md phéng séng dai truyen
qua nimg phong hi dwgc ph.al trién dua trén hé
phu::mg trinh séng dai phi tuyén mét chiéu [10], hé
cac phirong trinh dwec dién ta duoi day:

% .9, _, (1
o e
-.I ]’(.n alf nl'_f Q lz]
2 d

thi nghi¢m cua Tanaka va nnk [9] vé syt lan truyén
cua song dai wong kénh co 4§ doc thoai véi hé
thong m}rdwcdun gian hoa dang h‘mhtm de ki¢m
chimg két qua cia dp cao song (bao gmn ca song
leo) va déng chay song (hinh 1). Cac diéu kién cua
thi nghiém nay dugc md (4 chi tiét wong cong trinh
nghién ciu [9].

Hinh 2 vé 3 biéu dién so sanh gifra két qua tinh
{oan cua md hinh vdi sb lidu thi nghiém vé d cao
(dinh, bung va dj cao séng) va vin toc dong chay
song cho truémg hop tham so song tai bién co do
cao H=2cm, chu ky T=20 gidy. 6 ligu thi nghiém
v két qua tinh todn cho thiy, khi song truyén tir
ﬂ'.mg mroc sdu vao ving mrdc nong, 4§ cao va vin
toc dong chay song 1ng 1én do anh hwéng cia higu
img muge ndng. Tuy nhién, m:mg trrémg hop co sur
10n tai cua cdy, dd cao va vin toc dong chay song di
suy gidm do lyc can cua cdy. Céc két qua tinh todn
phil hop nhit véi s6 ligu thi nghi¢m khi lya chon hé
s6 can C=1,5,



Vegetation model (1m)
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Hinh 2. So sanh giira két qua tinh toan bing mb hinh véi s6 liéu thi nghiém d§ cao song doc theo mang song.
(a) tnromg hop khong c6 ciy vi (b) tnoong hop co ciy
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Hinh 3. So sanh giita két qud tinh todn bing m hinh véi so ligu thi nghi¢m vin toc dong chay song doc theo
mang song. (a) tnrémg hop khéng co ciy va (b) truimg hop cb cdy.
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HE 50 CAN CUA CAY TRONG BIEU KIEN
THU'C TE

Tinh todn hé sb can cia cay 14 bai todn rit phirc
tap. Hiu hét cic nghién cira tnrée day chii yéu xem
xét cho truémg hyp don gidn ciy hinh try, khi 46 hé
sb can phy thudc chinh vao h§ s6 Reynolds. Trong
nghién cin nay, hé s6 can trung binh theo db siu Cp.
it dhrge tinh theo phuong phép don gidn caa Tanaka
ﬂsﬁaﬁisl.mngphmph&pn&mnhmﬁ
cua ré nbi, thin, cinh va 14 duge xem xét, cy
nbar sau:

Co-ald) =y = [ 2 B2 iz, G

a(z;)= %’:"-I 4
[ Cplzg)
Bl(z;) = —Cﬂ_,,, (5)

Trong d6 b(z5) va Cp(2s) 14 hinh chiéu bé ngang
(bao gom ci duimg kinh € va canh) va hé so can
ciia city tai dd cao z; tinh tir mit dit, by va Cp i
46 rong bé ngang va hé sb can cia cdy tinh tai dj
cao quy woc (Zo=1,2m). Gis tri Cpizg) thay ddi theo
di cao cua ciy nhu trén hinh 4(b). Theo dd Cpizg)
dat gia tri 16m nhat tai goc do cé sy tham gia cua
nhiéu ré ciy.

y . 1 (b)
] ﬂ."'.._
‘ Cinh
i
RE néi
=
Conr  Cofzd

Hinh 4. Minh hoa cac hé sb (a) b(2g) vi by, () Col2g) va Cp.y (Tanaka va Sasaki, 2007).

KET QUA TiINH TOAN THU NGHIEM
Cic diic trumg ciy va hé sb cin

Trong nghién ciru nay, ciy dira dai (Pandanus
odoratissimus) hinh 5(a), mdt lodi cdy pho bién moc
tai cac vung ven bér & cic nirdc Nam va Bong Nam
A drgc hya chon tinh todn thir nghiém. Lodi cay nay
c6 hé thong ré ndi rit diy, chinh vi viy di 1am ting
kha niing chiu dyng cia céy ddng thoi lam suy gidm
néng logmg séng va d§ siu ngip lot [10]. Hinh 5(b)
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phiin b theo phwromg thiing dimg céc gid tr c,
vit Cpr cia cly dira dai véi cac diic tnmg cua céy
nhir sau: B cao cdy Hyp,.,~8m, dwimg kinh than ta
vj tri quy woc b,,~0,195m, hé sb can tai vi tri tham
chiéu Cp.y=1,0. H¢ sb ndy dugc lya chon dbi véi
than hinh try va trong diéu ki¢n hé sb Reynolds c&
10°, diy 1a cf gid trj dic tnmg thiy luc trong séng
théin va nwoc ding bdo. Nhur vy, hé 56 Cpay thay
dbi theo d cao cia cy theo xu thé giam dén tir gbc
toi ngon.



(a) Céy dira dai

(b)

Hinh 5. (a) Hinh dnh ciy dira dai tgi ven bién vi (b) phiin b theo phuong thing dimg
ciacichésto @, f vaCpa

Pia hinh mién tinh, dic trumg phin b rimg v
didu kién tinh todn

Dia hinh viing bé véi d§ dic diy dugc phic hoa
nhir trén hinh 6, bao gdm 4 doan dbc, véi hé sb
nghién S=1/10, -1/100, 1/50 va 1/500 twomg img.
Diy la dang dia hinh tiéu bidu cia vung ven bé.
Rimg phéng ho duoc gia dinh c6 phin bo chy dong

nhét doc theo hudmg truyén séng véi mit 4§ cly
3=0,226 ciy/m’, 4 diy coa nmg w=200m.

Trong tht ci cic tinh toin dudi ddy déu dp dung
nhimg diéu kién chung nhur sau: D cao myrc mude
tritu cao 2m, bién d6 v chu ky song ngoai khoi
mrong tmg la 3m va 20 phit, diy 1i tham sb cla
song dai cd song thin, hudng truyén song vudng
pbec vai drtmg bir.
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Hinh 6. Phéc hoa dja hinh mién tinh todn

Mt s6 két qua tinh todn
Kha ning ngin cin séng cia rimg phong hé ven
12 5 / Hieas
10
CRE E
S 6 =
= =
= =4
= 4 =
2
'u T T T T Ll 1

500 600 700 800 900 1000 1100 1200
Thot gian (g1dy)

bir (46 sau ngép lut va ning hrong song - hai yéu to
dugc quan tim nhit) 2 dwgc phén tich va dénh gia
trén co s& 5o sdnh cdc két qua tinh todn gitra hai
trrimg hop co va khéng c6 nimg tai 2 vi tri phia
tnedc va sau nmg,

Két qua tinh toan dao dfng myc mrdc theo thii
gian (49 siu ngip lyt) cho trrimg hop co va khong
6 rimg tai 2 vi tri tnzde va phia sau nimg dugc thé
hién trén hinh 7a, b. Tai vi tri phia trwéc nimg, song
bt ddu giy ngap lut san khoang thoi gian 560 gidy
truyén tir bién. Higu img phan xa do séng tic djng
1én ciy d4 lim ting rit ding ké 49 cao myc nudc va
thiri gian myre mrdc dat e tr (Ho.) Xult hién ciing
sém hom so voi truomg hop khing o6 rimg. P§ cao
muyc nudc cuc tri dat 10, 1m (so vii mygc nrde trung
binh), ting 1,6m so v&i tnromg hop khong co nimg.
Phia sau rimg, tic ddng sirc can cia ciy 43 lam tré
thir gian song tran 16 khoang 60 gidy (At) - hinh
7(b), myc mirde cye tri tai diy giam manh, 1,9m so

v trudmg hop khing cé rimg.
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Hinh 7. Bién thién theo thii gian dao ddng myc nwdc cho trdmg hop 6 va khong c6 rimg
(a) Phia trrde rimg, (b) Phia sau nimg.

Hinh 8 bitu dién bién thién myc nwdc cpc tri
doc theo phiromg truyén séng. Co thé thiy ring, do
sw ton tai cia rimg, gid trj myc mrdc cuc trj ting tai
cic vi tri phia trwde rimg do hi¢u img phan xa lén
chy, sau ¢y gidm rit nhanh khi séng lan truyén
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trong rimg va hiu nhur khéng thay dbi phia sau rimg.
Gid tr d9 su ngdp vt 1a 5,04m tai phia sau nimg,
giam khoang 30% khi so sanh v&i tnrimg hop khing
T
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Hinh 8. Bi¢n thién mye mede cye tri doc theo phrong truyén séng,

Vi song thin va nuoc ding do bdo, bén canh
dp sdu ngdp Iut, ning lwong song la yéu to rat dugc
qmﬁ:nhﬂiﬁcdﬂngtﬁidccangmnhmlgr_.
Trong nghién cira ndy, véc to nang lugmg song F

dugce tinh theo cong thire nhir san:
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Piy la tong djng nfing song theo d§ siu tic dong
Ién mdt vit the do vdi kich thude bé ngang va hé sb
can 1a mt dom vi, V1 vin the dong chay song.
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Hinh 9. Bién thién theo thoi gian ning luong song tai vi tri phia tnréc (a) va sau rimg (b)

Két qué tinh todn bifn thifn ning lugng song
theo thii gian tai 2 vi tri phia tnodc va sau nimg cho
trrimg hop co va khéng cb rimg dwoc thé hién trén
hinh 9. Vi diéu kién cua dia hinh ven b va tham
s0 song trong bi todn mndy, ning hrong song tai hai
vj tri tnrdc va sau nimg (trong tnrimg hop khing co
rimg) 14 khi lém (khodng 80KN/m). Tuy nhién, ning
lwgng song di giam rit manh trong truimg hgp co

TMg, Fre Khodng 20 va 25kN/m tai vi tri phia trwéc
va sau nimg. Tai vi tri phia tnrdc nmg, mic da d§
sdu ngip hyt ting so voi trwimg hop khing 6 rimg,
tuy nhién gid tri vin téc déng chay trong tnrimg hop
nay lai giam do xuit hién dong chay ngugc khi song
phin xa lén céy (néing hromg séng ty 1§ vdi binh
phuong cia vin toc dong chiy song) do viy ning
Iwgng song cing giam. Vi 200m d) déy cia nmg
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va mat dp cay 0,226 d}'a’m"', niing hrgng s0ng co
kha niing suy giam tdi 65% tai cac vi tri phia sau
rimg phing hi.

Trén diy 1d mdt so két qua tinh todn kha ning
lam suy gidm niing luomg séng vi dj shu ngdp lut
boi img phong h$ ven bér cho tnrémg hop véi miit
lodi city cu thé va phin bb déng nhit. Kha ning lam
suy gidm néng hrong song va do siu ngp lut phu
thufc vdo cic dic tnmg cia cdy, mit dj ciy va kich
thuée vi phin bé rimg. Anh huémg cia cdc diic
inmg ndy cilng nhir nghién cime xem x¢t cho céc loai
city ph bién khic cing vdi sy phin b khong dong
nhdt cia ching s& dwgc phin tich, dinh gid trong
cic nghidn ciru tiép theo.

Két qua cila nghién cira trén diy dbng thin ciing
rit o6 ¥ nghia vé mét phuong phip ludn, né 14 dinh
huéng vi co sir d& xem xét cho cdc dang song khéc,
nhur séng gi6, song tan. Cu the hom, tip thé tic gia
dang vin dung phwrong phip ndy vio bdi todn
nghién ciru khi ning chong x6i 1o b séng do song
tiu giy nén béi thire vit ven sdng trén co sd giai hé
phuong trinh Boussinesq 2 chidu két hgp véi cac
thanh phin tiéu tin ning hrong séng béi thyrc vit,
KET LUAN

Trong nghién ciru ndy, kha ning ngin cin song
(4% siu ngdp Iut vi niing hrong song) bing hé thong
rimg phong h ven biy di dwrgc nghién cir tinh todn.
Mot 50 két qua nghién ciru dwge tom tit nhr sau:

M hinh tinh song lan truyén qua nimg phong
h{ d3 duge nghién cira va phét trién va cho két qud
twong dbi tt khi so sinh véi s6 liéu thi nghiém
trong ming song.

M5 hinh di dwoc ap dyung tinh toan trong diéu
ki¢n thyc té véi phin bb cdy dong nhit. O dé ciy
dﬁadai,mﬁtluéicﬁypbﬁbiénlmwﬁvﬁngwnb&
cac mdc Nam va Déng Nam A d3 dwge lya chon.
D3 ding phuong phdp tinh hé sb can cua cdy cho st
voi didu kién thyc t€, trong d6 dnh huémg cia ré,
thén, canh va I drpc xem xét.

Vdi dd diy cia rimg I3 200m, mdt 4 chy
0,226 ciy/m’ va chiéu cao ciy 8m co thé lam suy
gidm ning lwrgmg soéng va di siu ngdp It téi 65% va
30% twong img,

L cim om: Nghién cira ndy duoc tii trg bii Qui
phit trign khoa hgc va cong nghé qubc gia
(NAFOSTED) trong A2 tai md s6 105.12-2012.02.
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STUDY OF WAVE PREVENTION ABILITY OF
COASTAL FOREST USING NUMERICAL MODEL

Vu Hai Pang, Nguyen Ba Thuy

ABSTRACT: In this study, reduction of wave energy and imundation depth of long waves as tsunami and storm
surge propagating through the coastal forest is caleulated and analyzed by numerical simulation. The numerical model
iz developed based on the one-dimensional nonlinear long wave equations and is verified with experimental data in the
wave flume. Vegetation drag coefficient iz calculated by considering simultaneously the influences of siems, roots, leaves
and branches. After that the model is applied to calculate the ideal case of simple coastal topography and wniform
vegelation distribution. Pandamus odoratisnmus, @ dominant coastal vegetation in South and Southeaw Asia is
considered as a iree species. Caleulation results show that with 200m farest width and 0,226 tree/m” of tree density can
reduce the wave energy and inundation depth 1o 65% and 30% respectively.
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Abstract

In the present paper, the interaction of surge, wave and tide on the north coast of Vietnamis assessed using a coupled model of
surge, wave and tide. A series of storm surge simulations for Typhoons Frankie (1996) andWashi (20005) are carried out,
considering the effects of the tide and the wave that combines a wave dependent drag and wave-induced radiation stress to find
out a predominant factor in the storm surge generation. Typhoon Frankieis landfalled at the low tide while TyphoonWashi
landfalled at the high tide. The results indicate that the effect of the wave is crucial to the storm surge simulation. In particular,
the wave induced-surge improves the accuracy of the storm surge level up to 30 %. It also shows that the surge induced by wave
radiation stress is dependant with the space resolution, and the finest resolution is improved and in close: agreement with the
observation. On the other hand, the influence of the tide is ignorable for the case of Typhoon Frankie and considerable in the case
of Typhoon Washi.
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1. Introduction

To assess storm surges, there are two conventional types of physics-based numerical models: a decoupled model
of storm surge, and a coupled model of surge, wave and tide. In the last three decades, coupled models have been
paid attention to, especially focusing on the interaction of surge, wave and tide. Several studies have introduced
wind stress as a function of waves (e.g., Janssen'?). Since then, a number of studies that examined wave-induced
stress that is directly obtained in coupled models of surge and wave showed the significant improvements of the
model results while comparing with observation data (e.g., Funakoshi, Hagen, and Bacopoulos3 ; Kim, Yasuda, and
Mase*; Zhang and Li). Wave setup driven by a force of the divergence of radiation stress in the nearshore has also
been studied with coupled models of surge and wave (e.g., Bertin et al.®; Kim, Yasuda, and Mase’; Mastenbroek,
Burgers, and Janssen®). It was found that the wave setup induced by the force of the radiation stress is substantial in
the peak surge level during Typhoon Anita 1970 (e.g., Kim, Yasuda, and Mase’). It was investigated that the tide-
surge interaction is not negligible when estimating local surge levels (e.g., Chen, Wang, and Zhao’; Choi, Eum, and
Woo'%; Kim, Yasuda, and Mase4). Besides the interaction of tide, wave and surge, topographic characteristics (e.g.,
bed slope) also plays an important role in the increase or decrease of wave setup, runup and wind driven surge (e.g.,
Dietrich et al.''; Kennedy et al.'?).

For several decades, climate change impact studies have focused on storm surge studies in Vietnam (e.g., Ninh'?;
Sao'*; Thuy'®). Conventional ways of two (or three) dimensional nonlinear shallow water equations have been used.
In other words, in those studies other factors such as tides and waves were not taken into account in the storm surge
model. Recently, the effect of waves on storm surge has been investigated in Vietnam. Hien et al.'® showed that the
wave setup induced by the force of the divergence of radiation stress is significant in the storm surge on the coast of
Haiphong using empirical formula. Thuy et al.'” found that the Typhoon Kalmaegi (2014) surge was significantly
influenced by the waves on the Haiphong coast in Vietnam, obtained from numerical simulations using a coupled
model of surge, wave and tide.

In the present study, the primary factors affecting storm surge on the north coast of Vietnam are quantitatively
investigated using a coupled model of surge, wave and tide. In the study area, the tidal cycles are diurnal and the
maximum tidal range is up to 3.6 m. Therefore, the tide is also taken into account in the simulation. The study
highlights that coupling processes between surge and wave are critical to the prediction of storm surge on the north
coast of Vietnam and only using a coupled model of surge, wave and tide (e.g., SUWAT developed by Kim et al. *)
is able to accurately estimate storm surges. A series of storm surge simulations are conducted for Frankie (1996) and
Washi (2005) that consider the interaction of surge, wave and tide.

2. Method

To analyze the storm surge in the study area, the coupled model of surge, wave and tide (called SUWAT),
developed by Kim, Yasuda, and Mase* was used. SUWAT is capable of doing parallel computations for an arbitrary
number of domains using the Message Passing Interface (MPI). In the present study, three modules of surge, wave
and tide are integrated into SUWAT as shown in Figure 1 that reveals the information of the flow among the
modules and the domains. The tidal module provides only boundary conditions to the surge modules in the
outermost domain. Coupling parameters include open boundary values, internal exchange among modules and
domains in a machine. The calculations are sequentially carried out from the higher level domain to the lower level;
the rest of the lower level domains wait for the completion of the higher level domain at a time step. This modeling
syszgem has been implemented and verified in other studies (e.g., Kim, Yasuda, and Mase’; Kim et al.ls’w; Mase et
al.™).

2.1. Surge module

The surge module solves the depth averaged nonlinear shallow water equations using the staggered Arakawa C
grid in space and the leap frog scheme in time. The explicit finite difference scheme is used with the upwind method:
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where # is the sea surface level, M and N are the components of depth-integrated velocity in the horizontal and
vertical directions, P is the atmospheric pressure, f'is the Coriolis parameter, g is the gravitational acceleration, d is
the total water depth ( + /), 4, is the horizontal eddy diffusions, p, is the density of water, and F\ and F, represent
the components of wave force which correspond to the gradients of wave-induced radiation stress:
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where C and C, are the wave velocity and the group velocity, o and @ are the angular frequency and the wave
direction, and E is the energy, density, and spectrum respectively. A conventional quadratic law is applied to the sea
surface and bottom boundary layers. The bottom stress is computed by:

q
T = pugn? 24 ©)

rQl

In which 6 is the depth-integrated velocity vector, and » is the Manning number (0.025) in all the domains, as
determined by Chien®'. The wind stress is usually estimated by the following equation:

Ts = paCDU10|l_le| (10)

where p, is the density of air, Cpis the drag coefficient and 1710 is the wind speed at 10 m height. In a series of storm
surge simulations, two Cps are used. One is the conventional Cp (Honda and Mitsuyasuzz):
_ {(1.290 —0.024W) x 1073(W < 8m/s) (11)

D7 1(0.58 4+ 0.063W) x 1073(W > 8m/s)

The other is the wave dependent C), (Janssen '?). In SUWAT, Mastenbroek, Burgers, and Janssen's® iteration for
Janssen's formulation of the exponential wave growth term in wave modules, (given in the section of Wave module),
is used to estimate the wave dependent Cp. Following his assumption, waves influence the boundary layer: = z,+1,
where 7, is the wave-induced stress, 7, the turbulent stress and 7 the total stress. The wind profile is given by:
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U(@) =i () (12)

where U(z) is the wind speed at height, z, is the effective roughness, z is the roughness length, z is the height and x=
0.4 is the von Kérman constant. The turbulent stress is parameterized with a mixing-length hypothesis:

au\?
7 = pa(kz)? (32) (13)
where p, is the air density. If the wind profile (12) is differentiated, squared and compared with the form (13), an
expression for z, for z = z, (Mastenbroek, Burgers, and J ansseng) can be found:

2o

J1-Tw—T

Zp = (14)

where: 7, = 7,(zp). To parameterize the roughness length z,, Janssen assumes that a Charnock-like relation z, =
a@u?/gis valid with the values for u, = \/t/p, and & (=0.0081), the Charnock parameter. With the effective
roughness (z,), the wave dependent Cp, is finally obtained by Eq. (15):

Cp=1u?/U(2)?= [K/ln (sz;e—zo)]z (15)

In this study, Eq. (15) is used to estimate the wind stress in Eq. (10) instead of the conventional Cpin Equation
(11). The effect of levelling off at wind speeds of 22-33 m/s on Cj, is not taken into account (Donelan ef al *; Kim
et al').

The solid boundary condition is adopted at land boundaries for no inundation conditions. The radiation condition
along open boundaries is given by following Flather’s method** in all the domains. The current and sea surface level
in the coarse grid domain are transferred to the nested open boundaries in the fine grid domain at each time step of 4
s. The time step is 4 s for the surge model.

2.2. Tidal module

The astronomical tide in SUWAT is imposed by a global ocean tide model (Matsumoto, Takanezawa, and Ooe™)
that predicts tidal levels for sixteen constituents of M2, S2, K1, O1, N2, P1, K2, Q1, M1, J1, OO1, 2N2, Mu2, Nu2,
L2 and T2. At every time step, the tidal level is imposed on open boundaries in only the outermost domain. Along
the open boundary, the sea surface level is given by:

N = Ntide T Nsurge (16)
where 74, is the tidal level and 15,4 is the surge level.
2.3. Wave module

The wave model of Simulating WAvesNearshore (SWAN; Booij, Ris, and Holthuijsen*®) integrated in the wave
module solves the spectral action balance equation to estimate a wave spectrum (Booij, Ris, and Holthuijsen®®). The
wave in SUWAT is estimated by time varying currents and sea surface levels calculated from the surge module. The
updated parameters of the wave dependent drag and the radiation stress in the wave module are returned to the surge
module to calculate the current and sea surface level. The SWAN version 40.41 has been integrated into SUWAT as
the wave module (Kim, Yasuda, and Mase”).

As done in Kim ez al.”®, in the present simulation, the default values of parameters for the physics are used:
Cavaleri and Malanotte-Rizzoli*’ for linear wave growth, Janssen'? for exponential wave growth, Janssen® for
white-capping, Hasselmann et al.*® for quadruplet interaction, Battjes and Janssen®® for depth-induced breaking and
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Madsen, Poon, and Graber™ for bottom friction. The diffraction is adapted in the wave calculation. An Ursell
number of 10 is used for the limit of the quadruplet interaction with a factor of 1.0 for the fraction of breaking waves.
The following discretizations were used: the direction resolution is 10° and the frequency range is 0.05 to 1.00 Hz.
In the outermost domain, the wave spectrum along open boundaries is estimated by the JONSWAP spectrum with
the peak enhancement parameter of 3.3, the peak period and the directional width of 10°. The wave spectrum in the
coarse grid domain is transferred to the open boundaries in the fine grid domain at each time step of 900 s. The time
step is 900 s for the wave model.

Fig. 1. Framework of SUWAT for three level domains that shows the information flow between surge and wave modules in each domain.
2.4. Parametric wind and pressure model

A parametric wind and pressure model implemented in the SUWAT model is used to estimate typhoon wind and
pressure fields. Schloemer’s formula® is used for the pressure:

p = pc + Apexp(=1o/7) (17)
where p is the atmospheric pressure at a distance » from the center, p, is the central atmospheric pressure, Ap is the

difference between p and p,, and ry is the radius to the maximum wind.
Fujii and Mitsuta’s formula®® for the surface wind is written as follows:

Vor =13 (\/% + 1% oxp(—1o/7) —%) (18)

par?rt

where V,, is the geostrophic wind and r, is the following relation,

T =r/(1 +?sinﬁ) (19)

ar

In Eq. (19) V,, and U, are at the previous time step. £ is the degree between the typhoon moving direction and
the direction to r in the anti-clockwise direction. Uy is calculated by multiplying V,, by G(x) as follows:
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G(x) = G(o) + [G(x,) — G(oo)](x/xp)k_lexp <(1 - 1/k) [1 - (x/xp)k” (20)

Uyo = VgrG(x) (2D

where: x=r/ry, k= 2.5, x,= 0.5, G(x,) = 1.2 and G(0) = 0.667 are given by Fujii and Mitsuta®. In the wind model,
the geostrophic wind is reduced by a factor of G(). Finally, the wind at 10 m height is obtained from the vector
sum of the wind at 10 m height calculated by Eq. (21) and the typhoon moving speed. In the present model,
deformation of the core structure in the typhoon is not considered.

2.5. Bathymetry

For numerical simulations, the complexity of the geophysical features was taken into account using the three
level grid system, where the outermost domain, D1, (Fig. 2 (a)) covers the whole East Sea and the domain, D2, (Fig.
2 (b)) is set to cover the northern coast of Vietnam. The innermost domain, D3 (Fig. 2 (¢)), is focused on stations of
Hondau. General Bathymetry Chart of the Ocean (GEBCO) of British Ocean Data Center was used to extract
bathymetry for the domains of D1 and D2. On the other hand, coastal topography maps with scales of 1/100,000
published from the Vietnam Administration of Seas and Islands were used for the domain D3. The space resolutions
for D1, D2 and D3 in both X and Y direction is 7400m, 1850m, and 825m.

- - R . ' . 108 5 107"

10 5 1 y 1T o
m [T
o 50 100 250 8O0 1000 -8S00 -2000 B B A 15 <30 25 =30 35
(2) (b) ()

Fig. 2. Geophysical domains of the study area with three levels. (a) shows the outermost domain of the Vietnam coast. (b) shows the intermediate
domain. (c) focuses on the innermost domain with Hondau station.

@ (b)

Fig. 3. Track of Typhoon (a) Frankie (1996), (b) Washi (2005).
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3. Results

To examine a critical factor to the generation of storm surge in the north coast of Vietnam, the representative
historical typhoons of Frankie (1996) and Washi (2005) were selected. These typhoon tracks are provided in Fig. 3.
Typhoon Frankie landfalled at the low tide while Typhoon Washi landfalled at high tide as the time profile of total
water level observation, tide predict and storm surge at Hondau station in both typhoon cases showed in Fig. 4.

500 500

—Observation —Tide —Storm surge —Observation —Tide —Storm Surges

Max. tide=360cm 400 Max. tide =360cm

300 300
el —_
S 200 § 200
N N

-100 -100
7/22/1996 0:00 7/24/1996 0:00 7/26/1996 0:00 7/30/2005 0:00 7/31/2005 0:00  8/1/2005 0:00 8/2/2005 0:00
Time (h) Time (h)
(a) (b)

Fig.4. Time serial of total water level (observation), predicted tide and storm surge at Hondau station during Typhoon Frankie (a) and Washi (b).

3.1. Impact of the tide on the storm surge

In order to investigate how the tide influences the storm surge in the study area, a series of simulations were
conducted using SUWAT that the surge and tide interaction was taken into account to calculate the Typhoon Frankie
and Washi surge. In the storm surge simulation, the conventional Cp (Honda and Mitsuyasu®®) was used to estimate
the wind stress. First, the surge simulation was carried out with the tide. Then, only the tide simulation was
conducted to extract the surge level taking into account the surge and tide interaction. Finally, only the surge
simulation without the tide was executed on mean sea level. With two surge levels, the effect of the tide on the
storm surge is examined as shown in Fig. 5(a) and (b) that show a comparison of observations and calculations at
Hondau. From the results of simulation, the effect of tide on storm surge in the case of Typhoon Frankie is very
small, with a difference of about 3%. In the case of Typhoon Washi, the case considering the tide effect giving the
pick surge is lower than the case without considering the tide effect with a difference of about 13%. This is due to
Typhoon Washi landfalled at the high tide that the water deep is higher in the mean sea level. In addition, it
indicates that the use of the conventional Cpin both cases is not enough to simulate the observations, regardless of
the consideration of the surge and tide interaction. As a result, it was found that the tidal effect is significant in the
surge level on the coast of study area when typhoon lanfalled is at the high tide.
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Time (h) i
Time (h)
(@) (b)

Fig.5. Comparisons of the observations and calculations with and without the tide in the surge simulations of Typhoon Frankie (a) and Whashi at
Hondau station.
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3.2. Impact of the wave on the storm surge

The effect of wave on storm surge was discussed for the case of the storm surge simulation running coupled and
uncoupled surge and wave. This case was calculated using both of the wave dependent drag and the radiation stress
on mean sea level, and then compared with that obtained from the run using only the conventional drag on mean sea
level, as shown in Fig. 6 (a) and (b). From the results, it is seen that the peak surge level calculated with the wave
effect is in close agreement with the observation at Hondau in both cases. The difference between them is about 0.3
m in both typhoon cases. Thus, it can be said that the surge and wave interaction apparently improves the surge level.

Figures 7(a) and (b) show the spatial distribution of the peak surge levels in the case of uncoupled surge with
wave (a) and coupled surge with wave (b). It could be found that, in the case of the coupled surge with wave, the
maximum surge level is higher and the area of storm surge is extended, in comparison with the case uncoupled with
wave.

The effect of wave induced radiation stress (wave setup) is however depended on the space resolution. Although
the space resolution used in the above figures is fine (925m) for conventional storm surge simulation, the result of
peak surge is still underestimated in both typhoon cases. It may be due to the underestimation of wave setup
estimated on the coarse resolutions. To concrete our finding, the additional simulations of the Typhoons Frankie
surges were conducted for five cases of space resolution (450m (D4), 150m (D5)). It can be seen that, the peak surge
is increased as the space resolution is increased, and is in close agreement with the observation data (Fig. 8). Hence,
further studies should be done on higher resolutions of less than 1 km grid size when planning and managing coastal
facilities and structures.
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= 1 e With tide XS N = 0.8 — Without tide [ .
0.8 & g )
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g o 5 04
0.4
£ E 02
= 0.2 2 o
0
-0.2 %{/355' 0.2
0.4 - F— R — . 04 s , . . .
7/22/1996 0:00 7/23/1996 12:00 7/25/1996 0:00 7/29/2005 12:00 7/30/2005 12:00 7/31/2005 12:00 8/1/2005 12:00
Time (h) Time (h)
(a) (b)

Fig. 6. Comparisons of the observations and calculations with and without the wave effect in the surge simulations of Typhoon Frankie (a) and
Whashi (2005) at Hondau station.

(a) (b)

Fig.7. Spatial distributions of the peak surge levels due to Typhoon Washi for the case uncoupled (a) and coupled with wave(result in domain D2).
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7/23/19960:00 7/24/19960:00 7/25/19960:00
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Fig. 8.Time serial of storm surge at Hondau station due to Typhoon Washi (2005) in six cases of space resolution.

4. Conclusions

The interaction of surge and tide is investigated during Typhoon Frankie (1996) and Washi (2005) landfalled at
the north coast of Vietnam, where the maximum tidal range is up to 1.8 m. It indicates that the effect of the tide on
the surge is ignorable for the case of Typhoon Frankie landfalled at low tide, and it is significant in the case of
Typhoon Washi landfalled at the high tide with a difference of 13 % between the surge levels with and without the
tide. For the surge and wave interaction, two factors of the wave dependent drag and the wave-induced radiation
stress are focused in the surge simulation. It is shown that, the wave and surge interaction combining the wave
dependent drag and the radiation stress contributes 30% of the total surge level and is crucial to simulating the storm
surge. It also shows that, the surge induced by wave radiation stress is dependent on the space resolution, and the
finest resolution is improved and in close agreement with the observation. Hence, further studies should be done on
higher resolutions of less than 1 km grid size when planning and managing coastal facilities and structures.
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ABSTRACT

n the present paper, the interaction of
surge, wave and tide is assessed using &
coupled model of surge, wave and tide. A
sories of slorm surge  shnutations for
Typhoons Xanpsane (2008), Katsana
(2008) and Nary (2013) is carded out,
consldering the effacts of the fide and Ihe
wave lhat combines A wave dependanl
drag and wave-induced radialion stress 10
find owt a predominant faclor in the atorm
surge generallon. The rasults indicata that
the affect of the wave is crucial to the slorm
surge simulation. In paricular, the wave
dependent drag improves an accuracy of
the storm surge level up fo 30 %. in
addition, the radiation stress contribules 15
%. The coastal inundation is increaged
much in comparison with tha case withoul
considering wave, On the other hand, the
influence of the tide is ignorabla.

KEY WORDS: Typhoon, slom surge, a
coupled model of surge, wave and fide,
interaction of surge, coaslal inundalion

INTRODUCTION

To mitigate polential slonm surge damage,
understanding of slorm surge s crucial o
planning of coastal facililes and aclivities.
To assess slom surges, thera are two
conventional ways of physics-based
numercal model. a decoupled model of
storm surge and a coupled model of surge,
wave and lide, in three decades, coupling
models have been pald attention 1o,
especially focusing on Interaclion of surge,
wave and tde. In the prgsent gludy, a
primary factor that affects the storm surge

165

oh the Vielnam coast iz quantitathrely
investigated wsing a coupled model of
surge, wave and lide, To examine it, a
garles of stom surge  simulations s

conducted for Xangsena {2008), Ketsana

(2009) and Nary (2013) that considers the
interaction of surge, wave and lide. The
coastal  inundafion due  fo lyphoon
Xangsena is also discussed in both cases,
with and without consider wava effect.

METHQDS

To analyze the slom surge In the study
arga, the coupled modal of surge, wave and
{idg {called SuWAT), daveloped by Kim,

Yasuda, snd Mase (2008) was used.

SUWAT is capable of doing paralle)
computations for an arbitrary number of
domeins using the Message Passing
Interface {MPI}. In the present sludy, three
modules of surge, wave and Hde are
integrated into SWWAT ag shown in Figure
2 thal reveals tha information fiow among
modutes and domains, The tidal mddule
provides only boundary condilions to the
surge modules in the outermost domain.
Coupling  paramelers  includa  open
boundsry valuss, internal exchange amang
modulas and domalns in @ machine,
Calculations are sequentially carried out
from iha higher level domain to the lower
level: the rest of the lower level domains

waits for the_completion of the higher level .

domain at a_lme step. This modeling
systemn hag baen implemented and werified
In other studies (¢.g.. Kim, Yasuda, and

Mase, 201%; ¥im et &, 2014, 2015; Mase

af al., 2011}
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Surge madule

The surge module solves the depth
averagad nonlinear shallow waler equations
using the staggered Arakawa C grid in
space and the leap frog scheme in time,
T'he explicit inite difference scheme is used

wilh the upwind melhod:

p M v
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NMhere: n = the sea sudace level, M and N
= the components of depth-Integrated
relocily i the horizonlal and  vertical
lirections, P = the atmogpheric pressura, f
= the Coriolis paramster, ¢ = {he
jravitalional acceleralicn, d = the total
vater depth (= @ + A), Ay = the harizontal
wddy diffusions, my= the density of water,
ind Fx and Fy represent the components of
vave force, which correspond to the
yradients of wave-induced radiation strass:
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vhere the wave radiation stresses are
xpressed hy:

e = 09 [ [$e0s0 + Z~ ) Bdoto (@)
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Nhare: € and C; are the wave velocity and
he group velocity, o and ¢ are the angular
refuency and the wave direction, and £ is
he energy density spectrum, respectively.
\ conventional quadrelic law s applied to
he sea surface and bottom boundary
ayers. The botlom siress is computed by
= pyygr 2L @
0 which: Jis the depth-integrated velocity
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veclor and » is the Manning number
(=0.025) in all the domains, as determined
by Chien (2015), The wind stress is usually
estimated by the followihg equation:
= Pacuvlulﬁml ] (10}
Where:a, Is the density of air, Cpis the drag
coefficient and Iy, Is the wind speed at 10
m height. In & series of storm surge
simulations, two Cps are used. One is the
convenlional Cp (Honda and MHsuyasu,
1980):
o= [(1.290_ — 0.024W) X 103(W < 8 m /5)
271 (058 4+ 0.063W) x 10"3(W > 8m/s)

{(+1)

Tha other is the wave dependent Cp
(Janssan, 1989 and 1991){9,10]. In SuWAT,
Mastenbroek, Burgers, and Janssen's
iteration (1983) for Janssen's formulation of
the exponeniial wave growih term in wave
modules, {given in the section of Wave
modile), is used 1o eslimate the wave
dependent Cp. Folowing his assumption,
waves influence the boundary layer: r=
futn where ny is tha weve-induced slress,
7, the urbulenl stress and r the total stress.
The wind profile is given by: )

U =%in (ﬂ':iﬂ) (12)
Where: U(z} Is \he wind apeed at helight, z,
is the eaffective roughness, 2 is the
roughness length, z is the height and &= 0.4
is the von Karman constant. The turbulent

stress is parameterized with a mixing-lengtty
hypothesia:

2
T = puliz)? (oo (13)
Whera: % 13 the air density. If the wind
profile (12) is differentiated, squared and
compared with the form {13), an exprassion
for zy for 2 = 20 (Mastenbroek, Burgers, and
Janssen, 15993) ¢an be found:
2

% = e . as
where: rw = w{2o). T patameteriza the
roughness length zo, Jansesen assumes that
a Charnock-like relation z, = &ul/g is vaiid
with the welugs for w, = Jt/p; and &
(=0.0081), the Charnock parametar, With
the effective roughness (z,), the wave -
dependent Cp is finally obtained by
Equation {15).

G = /UG =[x/ m(2E8)" )
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In this study, Equallon {i5) iz used 1o
eslimale the wind slress in Equation {10)
inslaad of the convenlional Coin Equatlon
(113, The effect of leveling off al wind
speeds of 22 - 33 mfs on Cp ls nol taken
into account (Donetan ef af., 2004; Kim ef
al, 2015; Powell, Vickery, and Reinhoid,
2003},

The solid boundary condition is adopted at
land boundaries for no inundation
vonditions. The radialion condition along
open boundares s given by following
Flathers method {1594} in ail the domains,
Tha current and sea surface leve! in tha
coarse grid domain are transferrad to the
nesled cpen boundaries in the fine grid
domain at each ime step of 4 s The tima
step is 4 s for the surge model,

Tidal module

Tha astronomical tide in SUVVAT is imposed
by a global ccean lide model (Matsumote,
Takanezawa, and Ooe, 2000) thal predicls
tidal levels for sixieen gonstituents of M2,
52, K1, 01, N2, P1, K2, Q1, W1, 41, 091,
2N2, Wu2, Nu2, L2 and T2, At every time
step, the ftidal lavel is imposed on open
boundaries In oniy ihe outermosi domain.
Along the open boundary, the sea surface
leve! is given by
N = Natag + Msucge (16)
where: nq. 15 the tidal level and Ryypy. 15
the surge level.

Wave module

The wave model of Simulaling WAves
Mearshore  {SVWAN:  Booii, Ris, and
Holthuijsen, 15399) integrated in the wave
module solves lhe speciral action balance
equation to estimate a wava speclrum
{Booij, Ris, and Holthuijsen, 1989). The
wave in SuWAT s estimated by lime
varying currenls and sea surface levels
galculated from fhe surge module. The
updated parameters of tha wave dependent
drag and the radialion stress in the wave
modula are retumad 10 the surgs module to
calculate the cument and sea surface lavel.
The SWAN version 4041 has been
integrated Inlo SUVWAT as the wave module
{Kim, Yasuda, and Massg, 2008).

As dora in Kim ef al. {2015}, in the presant
simulation, he defaull values of parameters
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for the physica are used: Cavalerl and
Malanotte-Rizzoli (1881) for linesr wawe
growth, Janssen {1089, 1981 for
exponenilal wave growth, Janseen (1881)
for white-capplng, Hasselmann et ef. (1985)
for quadruplet interaction, Batfles and
Janssen (1978) for depth-induced breaking
and Madsan, Poon, and Graber {1988} for
botiom frictlon, The dififaction is adapted in
the wave calculation, An Ursell number of
10 {8 used for the lkmit of the quadruplet
interaction with a factor of 1.0 for the
fraclion of breaking waves. The following
discretizations were used: ihe diraclion
rasolution is 10° and the frequency range is
0.05 to 1.00 Hz. In the sulsrmaost domain,
the wave spectrum along open boundaries
is eslimated by the JONSWAP spectrum
wilh the peak enhancemant parameter of
3.3, the peak period and the direclional
width of 10° The wave spectrum in the
coarse grid domain is lcansferred to the
open boundarles in the fine grid domain at
gach fims slep of 900 s. The time slep i5
400 s for he wave modek.

Parametrlc wind and pressure model

A parameldc wind and pressure tmodel
implemnented in the SUWAT model is used
1o estimale typhoon wind and pressure
felds. Schloemer's formuta (1954} is used
for the pressure;

p = Do+ Apexp(—Te/1) (17
where: p is the atmospharic pressure al a
distance r from tha center, p; Is the cenlral
almospheric pressure, 4p is the difference
between g and pe, and fy is 1he radius to the
maximum wing, L

Fujii and Mitsula’s formula (1986) for the
surace wing s wriiten as follows:

r= [
Vge = 1y ( J:‘*"‘LP‘;.:;J“P (—ro/r —;) (18)
where: Ve is the geostrophic wind and i is
the foliowing relalion,

re= r/(l +%‘-':slnll) (1%

In Equation {18) Vpr and &y are at the
previcus time step. B is the dagrae
between tha typhoon moving direction and
the dirsction to r in the anliclockwise
direction. Ui is calculated by mulliplying Ver
by G{x) as fallows:




Hx) =

3e) + [G{np) — Glon)](x/ prk-]EXP ([1 -
Wiyt - [x,fxp}"]) (20}
I1g = Var i) {21)

thers: x = v, k= 2.5, X= 0.5, Glxp) = 1.2
nd Giz} = 0,667 ate glven by Fujit and
filsula {1586). In lhe wind model, the
leastrophic wind is reduced by a factor of
#a). Finally, the wind at 10 m helght is

biained from the vector sum of the wind al

0 m helght caloulalad by Equation {21)
nd the typhoon moving speed. In the
resant madel, deformation of the core
Iucturg in the typhoon iz not conslderad.

athymelry

or numerical simulations, lhe complaxity of
& gaophysical features was taken inlo
:count wsing the three level grid system
Immaized In Tabls 2, where Ihe
Jtarmost domain, 01, {Figure 1 (a)) covers
r whole East Sea and the domain, D2,
igure 1 {61} 1= saf 1o covor the norherm
1ast of tha Provinge of Quangbinh to the
wthern  coast of e Province of
uangnam. The innemmos| demain, D3, is
cused on four Kdal stationz of Cuavist,
wanan, Sonlra and Tamky (Figure 1 {c)
wie high surge levels {normally larger
an 0.5 m) genarated, General Bathymeiry
wal of the Gegan {S3EBCO} of British
xan Jate Center wag usad lo mxtract
thymetry for the domains of D{ and D2
1 the other hand, coasta! topegraphy
s with scales of 1TA0000 published
m the Vietham Adminisication of Seas
d lslands were uzed for lhe domasin 019,
shewed in Figure 1, the continental shalf
ongly enlasges (rom Sculh to North, It
n be confirned by Figure 3 where the

d profle in the cross-shore diregtion al
: stafions are shown,
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Harrel in Figure 1 ().
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mpact of the tide on the storm surge

n order to investlgate how the lide
nfluences the storm swrge in the study
rea, a sefies of simulalions was conducted
ming SuWAT thal the surge and fide
nteracllon was taken Into account o
alculate the Typhoon Xangsane (2008)
surge, fn the slorm surge simuletion, the
sunventlonal Cs {(Honda and Mitsuyasw,
10680) was used 1o estimale 1he wind strese.
bccomging lo the Regional Speclalized
Meteorclogica! Center (REMC) of Japan
Meteorologicat Aneney (JMA), afler passing
Shitipplnes, Typhoon Xangsane {2008)
made landial an the central coast of
Vlgtnam, causing coastal flaoding and
[zndsildes. The fyphoon was responsibla Tor
at leasi 276 dzalhs, mestly In the

Philppines and Vieinem, and 747 million

USD in damage (Thanh, 201 1),

The six houry synoptile cheervations of sea-
level pressuwre indicate that the maximum
depressions of sea-level pressure are 977
and 983 hfa at Sontra (Figure 2 (a)) and
Thuanan (Figure 2 (b)), respeclively,
Observed winda reached 32 mfs at Sonlra
{Flgure 2 (B). OCalcllaled wind and
pressure fizlds were slighlly overagtimated
within the relativa ecrors of 10 %, however,
it is believed thal overall lhe estimated wind
and pressure fields are accepabla 1o
calculate the Typhoon Xangsane surga,

First, the surge simutation was cared out
with the tda. Then, only the tide simulation
was conducted 1o exiract the surge lavel
igking Inle account the surge and iide
iMteraction.  Finally, only the surgs
simulation wilhoul the da was executed on
mesn s2a lavel. With wo surge levelg, the
affecl of the tide on e slomm surge i
examined a3 shown in Figure 3 that shows
a coomparison  of observations and
calgulations at Sonlra, From the resulis of
simufalion, Ihere are discrepancies behieen
Ihe BUIgE levele with and without the tide
from 29" fo 20™ September. On the other
hand, two surge levels seam Lo be ldentical
from 30" Seplember. In  addition, it
indicates Lhal the vee of the corwventianal
Cp i not enough lo simulale  the
abservalions, regardless of  the
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songlderstion of the surge and  tide
inleraction, As a resull, il was found thel the
lidal effect s Insignificant In tha surga lavel
oh tha coast of study area.

a 102+ Sonkcnsion . 35
1010 1 : r 30
glmﬂ F 15 ‘E.

-0 =
5 #97 L 15 E.
E e
a 50 13
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WEOANALDD  S2WD6 1S4 W06 L0

Time(h)

Flgura 2, Compavisons batween the
measured and compuied wind and pressure
fields dua 1o Typhoon Xatpsane (2006} at
tha stations of Sontra (&), and Thuanan (&)
Solid line: pregsure; dot line: wind speed.
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Fiyure 3. Comparisens of the observations
and calculations with and without the tide
in the surga simulations of Typhoon
Xangsane {2006) at Sonlra.
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mpact of the wave on the sterm surge

“Irgt, the Xangsang surge was caleulated
15ing both of the wave dependent drag ang
he radialion slress on mean sea fevel ang
hien, compared that eblgined from the rn
#f usihg only the convenlipnal drag on
nean sea level as shown in Figure 4 (g),
Tam the reculls, it s seen that the peak
arge level calcutated with the waye
lependent drag and radiation stress is In
iose sgreament with the observallon at
ionfra. The diffarence betwesn them |5 0.2
1. Thus, i can be said thal the surga ang
tave nferaction apparently frproves the
urga level. The caloulatsd surge lavels are
veral undarestimaled except around the
cak surge levels. To clarify which faclor
elwsen the wave dependent drag and the
wlation slress 5 more crilical, the
dditional caleulation was carrled cut as
erlng the radistion slrese. Comparing
10 surge levals as shown in Figure 4 (o), 1t
as found that the sumge level g
nderastimaled, sspecally, at peak, whan
1e radiation slress is ignored. |l3 difference
glween both iz 0.1 m. From tha resulte of
onlra, the conliibulon of the wave
spendent diag is about 14 % 1o the Lolal
irge level, whils that of [he radiation streas
approximataly T 5. In general, the surge
vel generaled by the radlallon atress
ipends on lhe spatial resclution, in
aticular, on the shoreling.

¥ concrete our finding, the additional
mulalions of the Typhoons Ketsana

008) and MNary (2013) surges wers

nducled thal generated storm surges in
o eludy area. From the resulte of fhe
"ializns, a similar lendency was found
at the uncoupled modsl underestimatas
2 Ketsana {Figure 6 {a)) and Nary [Figure
(b} surges at Sontra in Figurs B, while the
wplad model estimates the surge In gopd
Yeament with the cbservalion. Similar 1o
3 typhoon Xangsane surge, the influgnce

the surge &nd wave Interaction |s
inifleant on the storm surge In both cases.

conlibutes up to 25 % (Typhoon
#gana) to the total suwge level, Therefore,
 importance of the suwrge and wava
erzction in the presant study le concreted
m the surge slmulations of threg typhoon

tges of Xangsena {2006), Kelsana (2009)

d Nary (2013},
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Figure 4. Comparisons of lima serjes of
storm surges at Scntra, {3} in the
calculations, the wave dependend dray ond
radlalicn slress are included In Lhe case of
"with wava", while only the convenilonal
drag is done in the case of "without wava",
{L} the case of "Coupled” I8 same to "with
wave" in {a). Howaver, the radiation stress
ts ignored in the case of "Coupled wilhout
the radiation siress”,

Figura & shows comparsons of the
observed and calculated peak turge jevels
fn the cases of “Coupled surge wiih wave"
and “Unooupled surge with wave™ at four
slalions. The resulls show that In the case
of “Couplad surge with wave”, considering
ihe wave effest makee an Improvement of
the sccuracy of slorm surge simulation at all
the stations n comparison with the case of
"Uncoupled surge wilh wave” {except at
Thuanan becsusa of no observalions).The
calculalions undergstimate the sbsarvations
al al measured may be due to the
vnderesfimation of wave setup estimaled
en the toarse resqlutlons. In eddillon, it
might arse from the " horzantally two
dimensitonal shmplification 1o represent the
Ekman lransport In moderate waler depth.
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; inundation
L HAdri e The effect of wave on coastal Inundation
i Wifefd-without wave: g due lo typhoon Sangrane is discusssd on
Z LS fipure 6. tn this fgure, the coaslal
- inundation due 1o sloim surgs and tide for
1 the case the model run without and with
= couple wilh wave. The resoluticn in Incase
03 is reduced to S0m in bolh direetlons. The
resulls showed Lhat, due to the wave selup
o 4 T e R san gimulsled well by the high resolulios,
Coagardh  Comud | Thnmmo Saws o he coastel inundation in this case is large
Figure & Comparisons of the peak surge in comparison with the case of uncouplad
tevels of Typhoon Xangsena among the un wilh  wave. The Increase of the

ohsarvation, the run wilh wave (the waye  inundation are about 15k,
dependent drag and radlation stress) and
the run withowl wave al Cuagianh, Cuayiet,
Thuanen and Sontra.

aldy
-o- Ohsrvation hl
- - Without wave g8
L { — With wave i
'E-' ] f [l
) T
B B | e
o A e
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Figura T. Coaslal inundation due to tide
and slorm surge In lyphoon Xangsena: {&)
uncouple with wave, {b) couplad with wave,
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=
-
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L5
Figure &. Effacl of wave on storm surge Tha _interacliun of surge and lde Is,
at Sonlra station: '”E%%';QTE& duﬂ“ﬁ tmph?‘f?t Jﬂ?a’?ga :
; Y {2006}, indicaling that the effect of the tide
@) '&;ﬁ.pﬁgﬂaﬁilﬁ:; ﬁfégg%}and on the surgs |3 ignorable wilh Lhe difforence -

of 2 % belwaen the surge levels with and -
without the tide. For the surge and wav ;
inleraction, two faclors of the wawd
dependent drag and the wave-induced: .
radiation stress are focusad in the suigés 4

174



Tiwe Impact of wave on coastal inundation

Ao Pham Khank, Luan Nguyen Thanh, Thuy Mguyen Ba, Tew Tran Queng, Sooyoul! Fimand Daog Vi Hai

simufatlon. The resulls show that the wave
depandent drag influences Lhe Burge level
Up to 14 % in the tota! swige level. The
radiation slese (s also contribuled to the
surge level up o 7 % In tho lotal surge
level, From the series of slorm Surge
simwlations for Typhoons Ketsana {2005y
and MNary (2013}, il is also shown that the
wave and surge interaction combined the
wive dependerd drag and the radiation
stress conlribules 25 % fo the iotal slrge
leve! and is cruclal 1o simutaling the storm
surge, The coastal inundation in the casg
couplad with wave s [ncreasa much in

ctmparlson with the case uncoupia with
Wove,
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Abstract A numerical model based on the Iwo-
dimensional nonlinear long wave equations way
applied to studv the anomalous water level
oxcillation in the semi-enclosed seas, harbors.
Test calculations with the different conditions of
the period and the direction of wave propagation
have been applied at Tuy Hoa harbor. where
many  times  observed the phenomenon of
anomalous high water level. Calculation results
and analysis show that amplification fuctor of
water level oscillation in harbor depends strongly
on both the period and the direction of long wave
propagation from offshore. In range of wave
periods in these calculations, there are always
o peaks in variation of the amplification
Jactors. At some points in harbor, water level can
be 16 times higher than the water level at harbor
mouth

Keywords: anomalous water level, Tuy Hoa

L. Introduction

Studying and calculating water level oscillation in
harbors to detect high water level oscillation (so
called anomalous oscillation) have been
conducted for & long time. Many theories and
analytical formulas were given to calculate the
amplification factor of water level oscillation in
harbors with simple shapes as T-type and L-type
[7, 4]. By experiments in the wave flume, Ippen
and Goda, 1963, Horikawa et al, 1969 carried out
classical experiments to study the water level
oscillation in T-type and L-type harbors (5, 2J. In
these experiments, the amplification factors
caused by long waves of same height but different
period were measured and analyzed. The results
of these experiments contributed to explain the
fesonance mechanism of the long waves in harbor
as well as were used to compare and adjust with
the calculation results by the analytical methods
and the numerical models. In recent years,
numerical models have been developed and
applied widely to study the water level oscillation
0 harbor [3, 6]. Afer being verified with

S —

expenmental data, these models were applied to
calculate the risk of anomalous water level
oscillation for a number of harbors in the world,
where this phenomenon  occurs  with high
frequency.

Generation mechanism of the anomalous water
level in harbor is the resonance of the long waves
with period coinciding with the fundamental
period of the harbor. In offshore, long waves are
formed primarily due to several causes such as
the following: The process of atmospheric
disturbances  (atmospheric  pressure  disparity,
movement of the front, strong monsoon), tsunami,
local seismic activity, internal waves. In there, the
meteorological factor (air pressure) is considered
the main cause and is interesting by many
scientists. The phenomenon of anomalous water
level has frequently been observed in harbor areas
of central and south of Vietnam. When
appearance  of the anomalous water level
coinciding with high astronomical tide (so call
high tide) will cause very dangerous phenomena
as flooding, coastal ecrosion and affect the
operation of ships in harbor due to not only the
impact of the vertical (high water levels) but also
horizontal (very strong flow system). In some
developed countries such as Japan, the
Netherlands, the anomalous oscillation in harbors
has been extensively researched and system of
warning and forecast has been set up for harbors
at high risk [10].

In this study, firstly generation mechanism of the
anomalous oscillation in  harbors due to
meteorological factor is analyzed through a
specific case at Nagasaki harbor, Japan. Next,
water level amplification factors in Tuy Hoa
harbor are calculated by using a numerical model
for the different cases of period and direction of
wave propagation to detect the high water level
oscillations and their periods respectively. Here, a
numerical model basing on the two-dimensional
nonlinear shallow water equations was developed
to simulate water level oscillation in harbors.
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2. Anomalous oscillation in harbors and its

generation mechanism

In Vietnam, the phenomenon of unusually high
water level in some coastal arcas mainly occurs
when storm approaches. However, storm SUrges
are not much difference between the positions
inside and outside of the harbor. Because storm

are the waves of long period
(approximately 6 hours) they do not create the
resonance of the water level inside harbors. In
this paper, the generating cause of anomalous
oscillations in the harbors 1s mainly by the
atmospheric disturbances such as atmospheric
pressure disparity, movement of the front, strong
monsoon. This phenomenon has been observed
frequently at the semi-enclosed sea, estuary and
harbors in our country as well as other countries
in the world.

The results of project “Research anomalous water
levels which are not due to storms in the estuarine
regions of Vietnam” by Bui Xuan Thong [1] and
recently updated information show that the
anomalous water level oscillation appears at
almost coastal region from Quang Tri to Ho Chi
Minh City including high tide phenomenon at Ho
Chi Minh City. The collected data shows that the
abnormal water level can reach 2m at the Central
region of Vietnam. Al several harbors, influences
of the anomalous water level are very big because
the water level rise accompanying with high wave
causes inundation, coastal erosion and destroys
many buildings. According to the recent
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Figure 1. Effect of high tides at fishing port, Phu An Dong precinct, Tuy Hoa city, Phu Yen, 12/

information,
storm activitl
inside the sh

December 201 ity
y %

izh tides caused ; \
more than |00m-'";"‘d4u0n

waves destroy houses at fishin Meters
Tuy Hoa City, Phu Yen (pgzzn’lg;“{;ﬁ 5,
accompanying with huge sand quantity bty ;\-q
area of fishing port and destroy two oil : 0
pases and tuna purchasing and  prefim; ly
processing factory  (Figure 1b) ‘So“n:rc_\
Vnexpress). e

Anomalous water level oscillation in gep
enclosed scas and harbors is generated by Ult
resonance of the offshore long waves with periog
coinciding with the individual oscillation perigg
of theses areas. Therefore, we first need 10 find
out and analyze generation and propagation
mechanism of these long waves. According 1
survey and study results of foreign authors, the
long waves that cause anomalous water level im
semi-enclosed scas and harbors are generated
mainly by atmospheric disturbance processes
[10]. Figure 2(a) and (b) illustrate the generation
and propagation mechanism of offshore long
waves by the atmospheric disturbances and
anomalous water level at Nagasaki harbor, Japan,
Japanese calls Abiki waves. As shown in Figure2
(a), the atmospheric pressure disparity in East
China sea created the sea level difference (¢
small amplitude long waves, about 3¢m). These
long waves propagated to the harbor. If there ar
no other effects, such a small wave height will not
significantly impact the harbor.

(a) Fishing port position on Google Map, (b) Fishing port deposit (Source: VnexprcsS)
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Figare 2. [llustrating the formation mechanism of the anomalous water level at Nagasaki harbor, Japan
on 31 March 1979 [10]

-:Jfbe numerical model calculates the
level oscillation in harbors

The aumerical model based on the two-

imengional nonlinear long wave equations is

d'%'m. : 1o simulate water level oscillation in
[11], as described below:
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220020 2) 202
dy o ) ox ox ) & o
(3)

Where, O, and O, are water discharges in X
component and ¥ component, respectively; ! is
time; d is total depth (d=h+S); A is still water
depth; ¢ is water surface displacement; g is
vitational acceleration; p is sea water density;

n is drag coefficient (n=0.025); v is the turbulent
is calculated from the turbulent

coefficient which
The above equations are solved

model SDS [8].
by the finite difference method. At offshore
, incident waves arc sinudal waves with

certain height and period. At boundaries in water
areas, the radiation condition is applied, while the
movable boundary condition is used at boundarics
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between land and sea. The details of numencal
scheme of the model, the boundary conditions, as
well as the results of model calculation and
verification were described in papers [9, 1]

4. Validation of the numerical model

Before applying the model in reality, the
numerical model should be tested to evaluate the
capacity of numerical model. In this study, the
experimental data of Thuy et al. 2009 of long
wave propagation on wave flume with gradual
slopes was used for validation the numerical
model. The data of wave height (including run-up
waves) and currents was validated, Detail of
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0.06 | @ Run-up height o}
004 ¢ .
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= 002 - s
£ el &
-§ 0 - ,,- -
002 8 7 == ;o"\ EI N B €
004 | T
Distance from the paddic (m)
-0.06
o Exp.-crest === Num.-crest
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o Exp.-wave height — Num.-wave height

(a)
Figure 3. (a) Changes

of wave crest, wave trough, and wave height (b) Changes of peak v

experiment co were  described
in

[t

Fig. 3(a) shov rest, trough elevaiy )

the wave hetgh the wave flume Pccn’. ing

both  expenmei Exp. in the ﬁwl” ;.lm of
slure

numerical §imi ang

5 (Num. in the figure)

plotted against the distance from the waye L‘L
(wave source), where the black circles nr;‘:ddlt
measured run-up height. While Fig. 3¢h) xh.'tk
the peak velocity at six wave gages. f\Ccmd,nm
the results, the wave height and velocity mcrcagk)
due 10 shoaling as waves propagate 0 the ‘hc;“
It is confirmed that the experiments] nr:j
numerical results agree well over the whole

range.

03
= 3
E 0l e
&
% 00 .
> 6 7 8 9 10 [ § B ¥
= 0.1 o
& ‘®....a ~
0.2 R -3 a
03 Distance from wave paddie (m)
a Exp.-crest o Exp-trough
= Num -crest === Num -trough
(b)
clocity. Exp

and Num. denote experiment and numerical simulation, respectively.

5. Calculation results of amplification
factors in Tuy Hoa harbor

Anomalous water level  phenomenon has
appeared many times in Tuy Hoa harbor. The
topography of Tuy Hoa harbor i1s shown in Figure
4. The harbor mouth faces east and this is the
prevailing wind direction in winter in this area.
The combination of East wind and suitable
weather condition will create the long period
waves propagating into harbor and increasing
harbor water level. It might be the main reason to
cause the anomalous water level in this region.

Figure 4. The topography of TW "0"‘;“‘:::'
Positions of calculation points (o) A

enarnds

propagation direction 5¢
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nplificaion factors = Tuy Hoa harbor are
Sialated for many positions, but in this report,
some positions in which large values of the
Jification factor are analysed and evaluated.
posiions Of calculation points (¢) and wave
won direction scenarios are shown in Figure

< In there, Point 1 is at precinct 6, Tyy Hoa city -
i’hnYm where anomalous water level appeared
o fishing port on 12 December 2011 (as

seationed in section 1).

Theee scenarios of wave propagation direction are
sorth-cast, east, and south-east respectively. In
arder to study the risk of anomalous water level
i Tuy Hoa harbor (by detecting long wave
periods which create anomalous water level and
their amplification factors respectively), the
nformation  of  meteorological  conditions
(stmospheric disturbance processes which are not
generated by storm) which create offshore long
waves are extremely important.

However, this issue will not be investigated in
tis report. Therefore, only one condition of
offshore long wave height H,=0.2m but changing
periods (from 100s to 2400s) is used in all
calculations; the biggest tidal field in this region
s 20m; grid step of 10m is used for all
alulations. We should remind that, these chosen
wave parameters are the observed values of long
Wves which cause atmospheric disturbance
Processes (10).

T relationship between the water level
“plification factors at 3 analysis points With
direct; wave periods for 3 wave propagation
s on scenarios is shown in Figure S (2 b, ¢).
v the amplification factor R, is the ratio
water level at calculated points and its at
w:’:mh (#). The maximum water level
d 4y in the harbor in case of 1800s-period
Fmvemg“ﬁmofmnario | is performed in
"‘*m’s (d). Here are some conclusions from the
S fesults;

a..,y'm"‘“”‘"tlucmmrios.schosenposiﬁoqs
muu:" maximum water level variation. This
was demonstrated in Figure 5(¢).

llhncrangc of wave periods in these calculations,
re are always two peaks in variation of the
amplification factors. This explains that the
anomalous water level appears only in case
:::,eorolonz clonditions create suitable long
es. s¢ long waves i
e g arc resonant in the

Wi!h different directions, there are different wave
peno'd groups that cause the maximum
amplification factors. Specifically, with scenario
1, the wave period groups causing the maximum
amplification factor are about 800s (the Ist peak
of Rm) and 1800s (the 2nd peak of Rm).

The amplification factors at each point are
different in each scenario and change
significantly following scenarios of wave
propagation direction. The 2nd point always has
higher amplification factor than the other two.
The highest amplification factor in scenario |
corresponds with Eastward of wave propagation
direction (Rm greater than 16).

Scenario 1 shows the highest amplification factor,
this is also the prevailing wind direction in winter
and the anomalous water level phenomenon is
sometime observed in this season. Although the
simulation results of the amplification factor in
south-cast direction are high, but in fact, south-
cast wind rarely creats suitable weather condition
which causes the anomalous water level in the

harbor.

These are the initial calculation results of the
amplification factors at Tuy Hoa Wr with a
simple condition of long wave in boundary
condition (sinudal wave with certain period and
height). The results of this study wn.ll contribute to
the work of waming and forecasting anomalous

water level in the future.
mcmmbus\malevelinhubonu
mm::ctl' by the long waves that have very
: licated form. Determination of'lhc qﬂ'shqnc
i arameters through the relationship with
i nditions aswellnsexpenmw

meteorologicel <0 arbors is necded to be

ic:vegipled in next studics.

975 [Page



16 - (a) ‘,

14 & Viml |

o Viwi2
o Vimld

#
AN
= g
6 d /|
AN

0 300 600 900 1200 1500 1800 2100 2400

T (s)
18
16 (©) & Vitrl
o Vitri2
14 - Vitri 3
12
10
8
Reccg
6 |
4
27 e Aol L EES
0 V=

T (s)

0 300 600 900 1200 1500 1800 2100 2400

16 (0)
14
12
10
£
= 8
6 e
4| W‘ﬁ
2.4 l_',"“ . A
o [Bwensdt T ‘k“\

0 300 600 900 1200 1500 1800 35m -
b B

1
] w mw w o v a

Figure 5. Variations of the amplification factor with different wave period at Tuy Hoa harbor in different
scenarios of wave propagation direction: (a) scenario 1, (b) scenario 2, and (¢) scenario 3; (d) distnbution
of maximum water level at Tuy Hoa harbor in scenario 1 (7=1800s)

Conclusions

In this study, the cause and generation mechanism
of the anomalous water level oscillation in
harbors is analysed for a certain case at Nagasaky
harbor — Japan. The risk of anomalous water level
in Tuy Hoa harbor is calculated for the different
cases of offshore wave period and the three
scenarios of wave propagation direction.

Calculation and analysis results show that the
amplification factors in Tuy Hoa harbor depends
strongly on on incoming wave period as well as
wave propagation direction. In range of wave
periods in these calculations, there are always two
peaks in‘vnrintion of the amplification factors. At
some points in harbor, water level can be 16 times
higher than the water level at harbor mouth,
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khi bao Faye tha’ng 9 nam 1963 dé bo vao Nam Dinh. Hién tuwong nudc ding chii yéu
xudt hién trwée va trong khi bio dé bé do anh hwdng cua truwong gio, dp. Tuy nhién,
cdc két qua phdn tich dé chi ra trong giai doan nay ¢é 9 con bdo gay mwdc ddng lon
sau khi bdo da d6 bj. Hién twong gdy ra nudc ddng I6n sau khi bdo dé bé la rat dang
chii ¥ va can nghzen ctru vé ban chdt vt Iy. Tir cdc ket qud phdn tich fir cdc chudi so
liéu thuc do da giup dwa ra dwoc birc tranh chung vé bién thién dé 1ém neée dang va
goi mo hwong nghién ciru sdu hon hién twong nudc dang nham ndng cao chdt lwong
du bdo nude déng cho ddi ven bién phia Bdc ciia Viét Nam.

Tir khéa: Nude dang do bio, nudc dang sau bdo, ven bién Béc Bo

Characteristics of storm surge in the coastal zone north Vietnam

Abstract: Some characteristics of storm surge in the coastal zone from Quang Ninh
province to Ha Tinh province will be presented on the basis of analyzing the measured
data at the Hon Dau and Hon Ngu marine stations during storm acting in the period of
1960-2014. In this period, the attention was paid for only storm surge which is higher
than 0.5m. The maximum storm surge of 1.98m at Hon Ngu station was observed when
storm Becky landed on Ha Tinh province coast in August, 1990. While the measured
data also showed that the water level was set down to -1.31m before the storm Faye hit
Nam Dinh province in September 1963. It is known that storm surge normally occurs
before or during the storm land on because of strong winds and low air pressure.
However, this investigation showed that in the period of 1960-2014, there were 9
storms in which the storm surge occured after the storm reached the land. This
phenomenon is noticeable and need to have further investigation of its mechanism. On
the results of data analyzing the general characteristics of surge variations was
revealed and some more investigations to be needed to improve the quality of storm
surge forecast for the coastal zone of North Vietnam.

Keywords: Storm surge, after-runer surge storm, coastal zone of North Vietnam

1. Mé dau
Theo s6 liéu théng ké nhiiéu nam, trung binh hang nam c6 khoang 6 con bdo anh
huoéng (trong d6 4, 5 con bao d6 bg truc tiep) vao bd bién Viét Nam. Ngoai tdc dong do
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mua to, gi6 16n, ¢ cic vung ven bién con phai chiu nhimg thiét hai to 16n do song va do
nuée bién dang cao hay con goi 1a nudc dang do bao. Day la hién tuong rat nguy hiém va
gay thiét hal rat 16n vé nguoi va cia, dic biét nguy hiém khi nuée dang do bio xay ra va
dung ltc tridu cuong.

Pa c6 nhiéu thiét hai to 16n vé nguoi va cua do hién trong nudc dang bao gay ra, dién
hinh nhu bio Haiyan sirc gi6 cap 17 (trén 300km/h) tran vao phia dong Phillipines da lam
6.300 nguoi chét, nguyén nhéan chu yéu do nude dang cao hon 5m, pha huy gan 90% thanh
phd Tacloban, tong thiét hai vé tai san 1én dén hang ty d6 la (hinh 1). Tai Viét Nam, con
bdo s6 3 - Kalmaegi (thdng 9/2014) d6 b vao Quang Ninh liic thuy tridu dang xubng thap
nhit nén da khong gay ngép lut tai thoi diém d6. Tuy nhién, 6 gi0 sau hoan luu sau béo két
hop véi gi6 mua Tay - Nam da gay nudce dang t6i hon 1,0m, két hop véi lic thuy triéu 1én
cao va séng l1én da gy ngap lut ning né tai khu vuc ven bién DS Son (Hai Phong) [4],
(hinh 2).

Hinh 1. Bdo Haiyan (11/2013) gdy ngdp lut va  Hinh 2. Séng lon va ngap lut do {riéu cuong
tan phd nang né tqi tai Tacloban — Philippin két hop voi nudc dang sau bdao so 3 (9/2014)
(Nguén bdo Vietnamnet-http://www. Vietnamnet.vn ) tai Hai Phong

(Nguén béo dau tw-http:/fwww.baodautu.vn)

Do tinh chat nguy hiém ctia hién twong nay, nghién ctru vé hién tuong nudc dang do
bio da dugc nhiéu tic gia trén thé gidi va trong nudc quan tim va di sir dung béng nhiéu
phuong phép khac nhau. Nhu nghién ctru cua Harris (1963) dé chira ¢6 5 yeu t khac nhau
c6 thé gy nén sy thay doi cua muc nuéc bién trong mét con bio; Ippen va Hallerman
(1966) da dung cong thirc thuc nghiém dé tinh nude dang bdo trén myc nude nén theo véan
tbc gid, chiéu dai da gio, goc gitra hudng gié va truc vudng géc voi dudong by va do siu;
Sooyoul Kim (2007) di xay dung md hinh du bao nudc dang do bdo tich hgp ca thuy triéu
va song dé tinh toan nudc dang do bio, két qua phit hop véi sé liéu do dac...Nhiing nghién
clru trong nudc, tic gia Vii Nhu Hoan (1988) da st dung phwong phap thong ké dy bio
nude dang va muc nude ven bién mién bic Viét Nam khi bio t6i; P& Ngoc Quynh, Pham
Van Ninh va Dinh Van Manh (1986, 1991, 1993) da ép dung phuong phap s0 tri, gidi hé
phuong trinh phi tuyén nudc ndng 2 chiéu bang phuong phéap phan tir hitu han dé tinh toan
thiy tridu va nude dang do bio toan dai ven blen Viét Nam. L€ Trong Pao (1998) da dung
phwong phap phan tir hitu han v6i muc dich xap xi duong bo t6t hon dé tinh todn thuy triéu
va nudc dang do bao cho Vinh Bic Bo. Nguyén Xuin Hién (2013), trong luan an tién si da
nghién ciru nude bién dang do bio co6 tinh dén anh hudng cia séng va dp dung cho khu vuc
ven bién Hai Phong, két qua d chi ra: nudc dang do song co dong gop dang ké vao muc



764 Dac trung nwoc dang do bdo khu vuc ven bién Bic Bé

nudc cyc tri trong bdo. Tuy nhién, nghién ctu mai chi tinh todn dya trén cdng thic thuc
nghiém va tinh toan cho m¢t con bao Damrey...

Hién twong nude dang 16n (trén 0,5 mét) sau khi bao d6 bo 12 hién twong rat dang chi
¥ va can nghién ctru vé ban chat vat 1y. Thong thuong, nudc dang do bio xay ra trudc,
trong khi bio d6 bo hodc ngay sau bio db bo (tirc cich thoi diém bdo d6 bo tir 1-2 gid, hinh
3). Tuy nhién c¢6 nhimg con bio xay ra hién twong nudc dang sau thoi diém bio d6 bod
khoang 3-4 gid va c6 thoi gian kéo dai t6i 8-9 gio (nhu bio Wayne do bd vao Hai Phong-
Nam Dinh ngay 06/9/1986, hinh 4). Vi vay, anh huong rat 16n dén cong tic canh bdo, dy
bao nude dang tai cac dia phuong do thong thudng, cac dia phwong chi tép trung dy bdo,
canh bao nudc dang vao thoi diém trude dén ngay sau thoi diém bdo d6 bo vao dit lién.
Nguyén nhan gy 1én hién tuong nudc dang sau bio ¢ thé do hoan luu cia bao két hop véi
gi6 mua c6 hudng thdi vudng géc voi dudng bo hodc do hoat dong dia chin; gidng thiy ..

Tai bo bién Tottori-Nhat Ban, nhém tac gia Sooyoul Kim va cong su (2014) da nghlen
ctru nuée dang bio trong con bdo Songda (voi khi dp thap nhit tai tim 1a 925 mb, van tbc
gi6 16n nhét dat 46,3 m/s) d6 b vao bd ngay 08/9/2004. Két qua cho thiy, khu vuc nay c6
hién tugng nudc dang sau bao dat mirc cao nhét sau khi bio d6 bo tir 15-18 gio, [6].

Trong nghién ctru nay, cht yéu dua ra nhiig danh gia chung vé bién thién do 16n
nude dang va thong ké hién twong nudce dang/ riit di thuong do bao trong khu vuc ven bién
Biéc bo giai doan 1960-2014. Goi mé huéng nghién ciru hién tugng nude dang 16n sau bio,
nham ning cao chét luong du bao nuéc dang cho dai ven bién phia Bic cua Viét Nam.
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Hilgh 3. Dao dong muc nudc tai tram Hon Ht:nh 4. Dao dong muc nuoc tai tram Hon
Dau trong bao Ruth dé bg vao Ninh Binh  Dau trong bdo Wayne do bg vao Nam Pinh
ngay 16/9/1980 ngay 06/9/1986

2. Khu vue nghién ciru va nguon so liéu

2.1. Khu vuc nghién cvru:

Khu vuc ven bién Béc b 1a noi bién thudng xuyén chiu nhing tac dong bat loi cia
thién tai trong d6 c6 bao va nudc dang do bao. Dia hinh dudng bo bi chia cat lién tuc voi
nhiéu ctra séng, c6 nhidu dio ndm & phia ngoai bién. Pidu nay c6 anh hudng rat 16n téi ché
d6 thuy dong luc noi chung va nudc dang do bdo néi riéng. Mia bdo doc ven bién Vinh
Béc Bo thuong bit dau tir thang 5, va két thiic vao thang 10. Khu vyc Béc B - Thanh Hoéa,
bdo tap trung tir thang 6 dén thang 9, cuc dai vao thang 8. Do khu vuc nghién ciru 1a ving
bién thodng lai c6 dia hinh noéng va thoai, b bién cu tao chi yéu 1a cat, khong c6 dé bién
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bao boc, cac con bio db bd vao ving bién nay thuong c6 cuong d6 manh nén nude dang
béo tai khu vyc kha 16n, gay thiét hai nhleu vé ngudi va cua (hinh 5a,b). Théng ké vé nudc
dang bao tai khu vuc theo s6 liéu quan tric tai cac tram hai van, thuy van cira song va cac
chuyén diéu tra khao sét sau bdo caa mot sd co quan nhu Vién Co hoc, Trung tdm Hai van
trong giai doan 1960-2014 cho thdy dé c6 nhiéu con bio gy nudc dang 16n tai khu vuc nay
nhu: bao Cecil (10/1985) gay nudc dang cao 1,69m tai Thanh Khé - Quang Binh, bdo
Becky (8/1990) 1a 1,90m tai Thanh Khé - Quang Binh.

(a) (b)

Hinh 5. (a) Khu vuc nghién ciru vad (b) so do duwong di cua cac con bdo manh dé bé vao
khu viec ven bién Bac bg trong giai doan 1960-2014

2.2. Nguoén sé liéu.
Str dung s6 lidu quan tric myc nudc timg gio tir 00 gid ngay 01/01/1960 dén 23 gio
ngay 31/12/2014 tai 02 tram Hon Déau va Hon Ngu; dugc lwu triv tai trung tim Hai van bién.
St dung dir liéu bao tir 1960-2014, dugc thu thap ti s6 liéu besttrack bao g6m vi tri
tam bdo, hudng va téc do di chuyén cuia bio, ban kinh mét bdo, p suét thip nhét tai tim
bao, toc do gi6 cuc dai, [7].

3. X4c dinh nwéc dang do bio tir s6 liéu quan tric muc nuwéc

3.1. Xdc dinh gid tri nuéc dang do bdo:

S6 liéu quan tric myuc nudc bién trong thoi gian ¢6 bio hoat déng s& bao gdm thuy
tridu va nudc dang do bdo do vay dé xac dinh dugc nude dang do bio ta can phai tich dao
dong thuy tridu ra khoi chudi sb liéu nay.

Theo quan diém chung, d6 cao thuy tridu 1a t6 hop tuyén tinh ciia cic séng triéu va
phu thudc vao cic tham s6 thién van theo thoi gian. DJ cao thiy triéu tai thoi diém ¢ duge
tinh theo cong thirc:

é/z:Ao"‘zfiHiCOS[qz't-i'(Vo_Fu)_gi] M
i=1

trong d6: ¢; 1a d¢ cao myuc nudc thuy triéu tai thoi diém t; A, - 40 cao muc nude trung
binh tai dia diém da cho so vdi s6 O tram hodc s6 0 do sdu; ¢g; — van toc gdéc cua cac séng
triéu thanh phan; f; - hé s6 suy giam bién dd; (V,+u); - pha ban dau cua séng thanh phan trén
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kinh tuyén Greenwich; Hi, gi - hang s6 diéu hoa bién d6 va pha cta céc séng triéu thanh
phan; m - s6 lugng séng triéu thanh phan (trong nghién clru nay n=13).

Tai céc tram di c6 cac chudi sb lidu dai ngay nhu Hon Dau, Hon Ngu cac hing sb
diéu hoa bién do H; va pha g; ciing nhu do cao muc nudc trung binh A, s& dwoc xac dinh
bang phuong phap binh phuong téi thiéu. Chi tiét ctia phuong phap phan tich didu hoa thuy
triéu duoc trinh bay trong [3].

Khi d6 nudce dang do bao tai mot thoi diém k nao do, Cnav(k), s€ dugc xac dinh qua $6
lidu do Cao(k) va thity triéu & (k) nhu sau:

Guan(k) = Cao(k) - Cu(k) )
Néu Cuan(k) > 0 ta ¢ muc “nude dang”; Guan(k) < 0 ta co “nudc raut”.

3.2. Xdc dinh thoi diém bao dé bo:

Thoi diém bdo do b vao dat lién trong nghién ctru nay duoc xac dinh 12 thoi diém
quy dao bao cit duong bo céc tinh ven bién Bic Bo. Nhu vay, trén co so cac s6 liéu vé toa
d6 tAm bdo tai cdc thoi diém co duoc, s& xac dinh duge vi trf va thoi diém quy dao bao ct
duong bd bang phwong phap ndi suy tuyén tinh. Thoi diém bdo d6 bo nay s& duge sir dung
trong cic phén tich tiép sau.

4. Két qua va thao luan

D phan tich 41 con bio manh (cap 9-10 tré 1én) @6 bd vao cic tinh ven bién tir Quang
Ninh dén Ha Tinh trong giai doan 1960-2014 c¢6 myc nudc dang, riit 16n (>0, S5 mét) tro 1én.
Két qua, cho thiy: C6 21 con bio d6 b vao thoi diém c6 mye nude thuy triéu thap (chiém
51%) va 20 con bio d6 bd vao thoi diém c6 muc nude thuy triéu 1én cao (chiém 49%). Thong
thudng nudce dang do bdo xay ra trudc va ngay trong thoi diém bio d6 bd do sy thay doi cia
truong khi 4p, truong tmg suét gié bio trén bé mat bién. Muyc nude cyc tri trong céc con bio:
tai tram do Hon Ngu di ghi nhan muc nudc dang 1on nhét xuét hién trong bao Becky dd bd
vao Ha Tinh ngay 29/8/1990 tai thoi diém bao d6 bo 12 1,98 mét (bang 1, hinh 6a).

Bang 1. Muc nudce dang/ rit cyc tri clia cac con bdo anh hudng dén khu vuc Bic bd giai
doan 1960-2014

Tén bao Dia diém Thoi gian bao Ap suét Vin téc Muec nuée cue tri (cm)
bao db bo thip nhit gio cuc
P tai tim dai (kts) Tram do Dang Ruit
do bd = i
bao (mb) mure née
Charlotte Thanh Héa 17"22/9/1962 998 40 Hon Diu 109 -86
Faye Nam Dinh 051 09/9/1963 995 35 Hon Diu 76 -131
Winie Quéang Ninh | 04" 03/7/1964 976 60 Hon Diu 106 -68
Clara Quang Binh 07" 08/10/1964 990 40 Hon Ngu 126 -16
Freda Quang Ninh 224 15/7/1965 980 45 Hon Déu 52 -42
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Kate Quang Ninh 03" 26/8/1973 975 60 Hon Déu 92 -44
Marge Ninh Binh 07" 15/9/1973 990 30 Hon Déu 65 -45
Anita Ha Tinh 170 08/7/1973 978 65 Hon Déu 93 -20
Dinah Ninh Binh 05" 14/6/1974 998 30 Hon Diu 74 -38
Sarah Hai Phong 15h21/7/1977 980 35 Hon Déu 80 -34
Ruth Ninh Binh 05" 16/9/1980 985 50 Hon Déu 97 -29
Warren Thanh Héa 05" 20/8/1981 996 35 Hon Déu 128 -37
Nancy Thanh Héa 13" 18/10/1982 990 50 Hon Diu 87 -39
Vera Quang Ninh 06" 18/7/1983 980 55 Hon Déu 137 -29
Tke Quang Ninh 07" 6/9/1984 980 50 Hon Déu 53 -49
Wayne Thai Binh 01 6/9/1986 990 65 Hon Déu 77 -53
Betty Thanh Héa 151 16/8/1987 975 50 Hon Déu 107 -37
Cary Thanh Héa 20" 22/8/1987 990 45 Hon Déu 97 -38
Dot Thai Binh 15" 11/6/1989 980 55 Hon Déu 95 -79
Irving Thanh Héa 06" 24/7/1989 985 55 Hon Déu 91 -45
Angela Ninh Binh 171 10/10/1989 980 45 Hon Déu 61 -19
Becky Ha Tinh 19 29/8/1990 965 70 Hon Ngu 198 -14
Zeke Quang Ninh 03 14/7/1991 980 55 Hon Déu 111 -62
Fred Ha Tinh 15M 17/8/1991 975 60 Hon Ngu 112 -11
Chuck Thai Binh 18129/6/1992 980 60 Hon Déu 82 -59
Eli Nam Dinh 02 14/7/1992 1000 20 Hon Déu 66 -24
Harry Hai Phong 22h28/8/1994 985 55 Hon Déu 72 -60
Lois Thanh Héa 21h29/8/1995 980 50 Hon Ngu 94 -14
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Willie Thanh Hoéa 00" 22/9/1996 992 45 Hon Diu 71 -53
Frankie Nam Dinh 04" 23/7/1996 975 55 Hon Diu 140 -20
Niki Ninh Binh 00" 23/8/1996 975 65 Hon Diu 141 -62
Zita Quang Ninh 01"23/8/1997 985 55 Hon Diu 54 -37
Koni Ninh Binh 14" 22/7/2003 990 50 Hon Diu 94 -22
Krovanh Quang Ninh 210 25/8/2003 975 60 Hon Diu 57 -30
Washi Nam Dinh 10" 31/7/2005 985 45 Hon Déu 141 -52
Vicente Quang Binh 15" 18/9/2005 985 50 Hon Ngu 133 -46
Damrey Ninh Binh 09" 27/9/2005 975 60 Hon Déu 93 -74
Lekima Ha Tinh 20 3/10/2007 975 65 Hon Ngu 109 -10
Mindulee Ha Tinh 17" 24/8/2010 978 60 Hon Ngu 121 -22
SonTinh Nam Dinh 19" 28/10/2012 982 55 Hon Diu 124 -15
Kalmaegi Quang Ninh 21M16/9/2014 085 40 Hon Dén 120 20

Két qua bang 1, cho thay: Nhitng con bdo manh d6 by vao céc tinh Nghé An - Quang
Binh di giy nudc dang 16n trén mot dai ven bién rat rong tir Quang Ninh xudng Ha Tinh.
Nhu bio Becky d6 bd vao Ha Tinh ngay 29/8/1990, tai tram do Hon Ngu da ghi nhan muc
nude dang 16n nhat 12 1,98 mét (hinh 6a) va tai tram do Hon Dau ghi nhan muc nuéc dang
16n nhat 12 1,02 mét (hinh 6b); Bio sb Vicente d6 bo vao Quang Binh ngay 18/9/2005, muc
nudc dang 16n nhét do duoc tai tram Hon Ngu 1a 1,33 mét (hinh 7a) con tai tram Hon Déu
cling do dugc nude dang 16n nhét 12 1,06 mét (hinh 7b).
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Hinh 6a. Dao dong myc igu’é'c tai tram Hon Hin{l 6b. Dao dong muyc lgu’éc tai tram Hon
Ngu trong bdo Becky do bo vao Ha Tinh Dau trong bao Becky do bo vao Ha Tinh
ngay 29/8/1990 ngay 29/8/1990
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Hinh 7a. Dao dong myc nudc tai tram Hon  Hinh 7b. Dao dgng myc nuGe tai tram Hon
Ngur trong bdo Vicente do bo vao Quang Binh  Dau trong béo Vicente d6 bg vao Qudng Binh
ngay 18/9/2005 ngay 18/9/2005

Hién tuong nudc ding cao sau bdo 1a hién tuong thién nhién rat nguy hiém va giy
nhiéu tre ngai cho cong tac canh bdo, du bdo tai cac dia phuong c6 bao d6 bd. Két qua chi
ra, trong giai doan tir 1960-2014, c6 9 con bdo c6 nudc ding sau bo, thoi gian ton tai c6
muc nude dang trén 0,5 mét kéo dai tir 4-12 gio (bang 2).

Biang 2. Bang thoi gian ton tai nuoc dang 16n (>0,5 mét) tai tram Hon Dau trong cac con
bao anh hudng dén khu vuc Bac bd giai doan 1960-2014

Ténbdo | Dia diém bdo ddbd | Thoi diém dd by Khozng thoi gian Théi gian ton tai nuéc
sau bio db b (gio) dang >0,5 mét (gio)
Faye Nam Dinh 09/9/1963 4 5
Winie Quang Ninh 03/7/1964 4 8
Vera Quang Ninh 18/7/1983 3 8
Wayne Nam Dinh 06/9/1986 3 8
Angela Ninh Binh 10/10/1989 10 4
Zeke Hai Phong 14/7/1991 3 8
Harry Hai Phong 28/8/1994 9 4
Krovanh Quang Ninh 25/8/2003 4 10
Kalmaegi Quang Ninh 16/9/2014 3 12

Theo bang 2, hién tugng nudc dang sau bao chi xay ra trong nhiing con bao d6 b vao
phﬁn phia béc khu vuc Béc bo (tir Quéng Ninh dén Ninh Binh). Trong con bao Winie dé bd
vao Quang Ninh ngay 03/7/1964, tai tram do Hon Déu ghi nhan ¢6 mét dot nudc dang sau
bao 4 gio va thoi gian nude dang 16n kéo dai 8 gid, dd cao nudc dang cuc tri dat 1,06 mét,
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(hinh 8a). Trong do, tai tram H(‘)I} Ngu, d6 cao nudc dang 16n nhat 12 0,72 mét, thoi gian
dang sau bdo 6 gio vadi thoi gian ton tai nudc dang 16n (>0,5 mét) 1a 7 gio, (hinh 8b).
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8,3 gAY e s e asyey ey Sz og RS g oo g M o8 s g
09 8 I R B § e god st o i 6 g oo dAE oMy
. LR SR R ET I R PR R R -
§88s38 e 2288888222288 §88882222288888¢2¢22¢2¢28§
WEEESEE EEESESEEEEEERE SE5E555EEES5E5588888 5%
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Thoi gian (gio) Thoi gian (gio)

(a) (b)
Hinh 8a. Dao dgng myc nuGe tai tram Hon  Hinh 8b. Dao dong muc nudc tqi tram Hon
Dadu trong bdo Winie do bo vao Quang Ninh  Ngu trong bdo Winie dé bg vao Qudng Ninh
ngay 03/7/1964 ngay 03/7/1964

Trén hinh 9 1a dao ddng muyc nudce tong cong, thay tridu va nudc dang tai tram do Hon
Diu trong bdo Kalmaegi d6 bd vao Quang Ninh ngay 16/9/2014, sau khoang 3 gio bao d6
bd nude dang mai dat trén 0,5 mét va thoi gian ton tai nuéc dang kéo dai téi hon hon 12
gid. Nguyén nhan giy nude dang 16n sau bdo rat c6 thé 1a do hoan luu sau bao két hop véi
truong gié Tay-Nam hoat dong manh trong thdi gian dai va co huéng théi vudng goc véi
duong ba, vi thoi diém bao d6 bo nam trong thang c6 gié mila Tdy-Nam hoat dong manh.

Trong giai doan 1960-2014, khu vuc ven bién Bic bd: C6 01 con bio co thoi gian
xudt hién nudc dang sau bdo téi 10 gio (nhu bio Angela d6 bd vao Ninh Binh ngay
10/10/1989). Con bdo nay tai tram Hon Déu ghi nhan vira ¢6 hién tugng nudc dang trudc
bao vai thoi gian nude dang trude bao 12 gio, kéo dai 3 gio, dd 16n nude dang dat 0,61 mét,
vira ¢6 hién tugng nudc ding sau bao vai thoi gian nude dang sau bao 10 gio, kéo dai 4
gi0, d§ 16n nude dang la 0,48 mét, (hinh 10).
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Thoi dij#?ﬁﬁo 6 bo é

£
A
2 o 200
=EN € 150
| 2 100
i : g, ,..““m"‘t.h‘

2l 2 2 2 2 2 2 2 @ 9 o o huih o

8 3 & 8 3 3 3 8 8 3 3 2 2 3

Bl 8080085 808,5,8,8 8,08 8584

E TIOoOISYIn NI T IO X To X ToIw

22262920 2322262%20 2 26 2 s 2+

2"% § 3 5§ 3 & s o s - 88

8 83 8 8 3 3 ¢ 2 ¢ 2 ¢ T = g g

Thoi gian (gio)

Thin pu | g

Hiph 9. Dao dong muc nwoc tai tram Hon Hi(lh 10. Dao dong muc Zm’éc tai tram Hon
Dau trong bao Kalmaegi d6 bo vao Quang  Dau trong bdo Angela do bo vao Ninh Binh
Ninh ngay 16/9/2014 ngay 10/10/1989
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Théng thudng trude thoi diém bao dd bo, muc nudce s& dang/rit véi thoi gian ton tai
ngin. Tuy nhién, thong ké cho thiy: trong giai doan nay c6 05 con bio c6 hién twong nudc
rat trude thoi diém bio d6 bd véi khoang thoi gian cdch thoi diém bio db bo tir 3-13 gio;
thoi gian ton tai nude rit tir 8-16 gid (bang 3).

Bang 3. Bang thoi gian ton tai’nuc'yc it 1on g< —Q,S mét) tai tram Hon DAu trong cac con
bao anh huong dén khu vyc bién Bac bd giai doan 1960-2014

Ténbdo | Pia dgém bdo | Thoi diém dd bd Khoing thoi gian Thoi gian ton tai mréc
do bo trudc bao do b (gio) rit < -0,5 mét (gio)
Faye Nam Dinh 09/9/1963 3 16
Dot Thai Binh 11/6/1989 13 11
Charlotte Nam Dinh 22/9/1962 10 9
Mike Quang Ninh 18/11/1990 12 8
Damrey Ninh Binh 27/9/2005 10 8

Tai Hon Dau ghi nhén nudc rat 16n nhat trong bao Faye d6 by vao Nam Dinh ngay
9/9/1963 1a -1,3 mét (bang 1), dot nudc rit nay xuét hién trude bio 3 gid va cé thoi gian
tdn tai muc nude rit (< -0,5mét) 1a 16 gi0 (hinh 11a). Trong khi do, tai tram Hon Ngu ghi
nhan muc nude rit 16n nhat trong con bao nay la -0,59 mét (hinh 11b).
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Hinh 11a. Dao dong muc nudc tai Hon Hinh 11b. Dao dong muc nudc tai Hon
Dau trong bdo Faye dé bo vao Nam Dinh Ngu trong bdo Faye dé bo vao Nam Dinh
ngay 9/9/1963 ngay 9/9/1963

5. Két luan va kién nghi

St dung phuong phap thng ké da chi ra trong 41 con bdo manh d6 b vao khu vuc
ven bién Bic bo giai doan 1960-2014 ¢6 09 con bio ¢ hién tuong nude dang sau thdi diém
biio dd bod va 6 thoi gian nude ding cao (trén 0,5 mét) kéo dai tir 4-12 gid; 05 con bio xuat
hién hién trong nudc rut trudce bao, voi thoi gian tdn tai nudce rat dudi -0,5 mét tir 8-16 gio;
01 con bao vura c6 hién tugng nude dang trude bao, vira cé hién twgng nude dang sau bao.
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Muc nudc dang 16n nhét xay ra trong bio Becky dd bé vao Ha Tinh ngay 29/8/1990
ghi nhan duoc tai tram Hon Ngu dat trén 1,98 mét. Trong khi do, tai tram Hon Déu ghi nhén
muc nudc rit 16n nhét trong bio Faye d6 bo vao Nam Dinh ngay 09/9/1963 1a -1,31 mét.

Nhiing con bdo d6 bd va Nghé An - Quang Binh gay nudc dang 16n cho ca khu vy tir
Quang Ninh dén Ha Tinh. Trong khi d6 cac con bdo d6 bd vao Quang Ninh - Ninh Binh
thuong gay nudc dang sau bao.

Thong thuong, cong tac canh bdo, dy bdo nudc dang tai cac dia phuong chi tap trung
vao thoi diém trude va ngay thoi diém bao d6 bo hodc ngay sau thoi diém bao d6 bd. Tuy
nhién, ¢6 nhiéu con bao trong giai doan 1960-2014, khu vyc ven bién Bic bd xay ra hién
tugng nudc dang sau bio. Nguyén nhan cua hién twong nay s& con nghién ctru tiép theo,
nhung mot trong cdc nguyén nhén c¢6 thé do hoan Iuu sau bio két hop véi truong gié Tay-
Nam hoat dong manh trong thdi gian dai va c6 huéng théi vudng géc véi duong bo. Vi vy
cong tac phong, chdng hién twong nudc dang cao sau bio tai cac dia phuong rat can chi y
dé phong ngay ca sau khi bio da tan.

Tai liéu tham khao

[1]. Nguyén Xuan Hién. (2013). “Nghién ctru nuéce bién dang do bio ¢6 tinh dén anh huong ciia séng
va dp dung cho khu vuc ven bién Hai Phong”. Ludn dn Tién st Pia 1y, Vién Khoa hoc Khi tuong
Thuy van va M6i truong, Ha Noi.

[2]. Pham Vin Huin, Hoang Trung Thanh. (2009). “So d6 chi tiét phéan tich diéu hoa thuy triéu”.
Tap chi khoa hoc PHQGHN. Tap 25, S6 18, tr. 66-75.

[3]. Hoang Trung Thanh. (2011). “Nghién ciru dic diém bién thién muc nudc bién ven bd Viét
Nam”. Ludn dn Tién si Dia Iy, Vién Khoa hoc Khi twong Thiy van va Mo6i truong, Ha Noi.

[4]. Nguyén B4 Thay, P Dinh Chién, Hoang Pirc Cudng, Du Purc Tién, Sooyoul Kim. (2014).
“Panh gia dién bién nudc bién dang do bdo s6 3 nim 2014 va van dé du bao”. Tap chi khi
tigng thity vin, S6 647.

[5]. Nguyen Tho Sao. (2008). “Storm surge predictions for Vietnam coast by Delft3D model using

results from RAMS model”. Journal of Water Resources and Environmental Engineering, No.
23, pp. 39-47.

[6]. Sooyoul Kim , Yoshiharu Matsumi , Tomohiro Yasuda , Hajime Mase. (2014). “Storm surges
along the Tottori coasts following a typhoon”. Ocean Engineering, Vol 91, pp. 133-145.

[7]. http//www.weather.uniys.com



- BO TAINGUYEN VA MOI TRUONG

VIEN KHOA HOC
KHi TU’ONG THUY VAN VA BIEN POI KHI HAU

ISBN: 978-604-904-248-5

CSS8ME-  TUYEN TAP BAO CAO

KHi TUONG, THUY VAN, MOI TRUGNG
VA BIEN BOI KHi HAU

()ur 1n|ur€ A

(Ngudn, Bin 38 ntidt 30 trung binkr ndm
Vign Khoa hoe K tupng Thoy viln v Bidn 88/ Al Mu, 2014)




47.

48.

49.

50.

5L

S2.

53.

540

BIEN

Mé hinh dy bao séng MRI-III trong dv bdo nghi¢p vu séng bién tai Viét
Nam .... 5 307

Pham Khéanh Ngoc, Nguyén Ba Thiy, Nadao Kohno, Nguyén Manh Diing

Nghién ctru img dung mé hinh JMA trong dy bido nghi¢p vu nude ding bio
tai Viét Nam 313

Bii Manh Ha, Nguyén Ba Thiy, Trinh Thi Tam, Nadao Kohno, Nguyén Thi Thu
Mai

Xic dinh bién djng ndi mia cia trudmg nhiét dj bé mit nudc bién khu vye
nuée troi Nam Trung B 319

Lé Quéc Huy, Trin Thuc, Dinh Vin Uu, Nguyén Xuin Hién

Ning suit sinh hoc cia quﬁn xi sinh vit ndi (PLANKTON) khu vye qu?m
dao Hoang Sa Viét Nam 325
Nguyén Ngoc Tién, Lu Quang Huy, Du Vin Toén

Tinh todn nguy co ngip giy béi nwée ding do siéu bio 333

Trin Thuc, Nguyén Xudn Hién, Pham Van Tién

Mt sé két qua tinh todn thuy triéu, séng bién va nwéc ding trong bio bing
mdb hinh SUWAT tai Vié¢t Nam 339

D3 Dinh Chién, Trin Son Tung, Nguyén Ba Thity, Trinh Thj Tam, Sooyoul Kim

Hién trang da dang thyc vit ndi khu dy trir sinh quyén Cin Gid, TP. Ho
Chi Minh.... 345

Lé Xudn Tuén, Nguyén Dirc Tuén, Nguyén Xuén Tung

Pa dang cic nhém dgng vt néi (ZOOPLANKTON) ving rimg ngdp min
huyén Cin Gié, TP. Ho Chi Minh 352
I.é Xuin Tuén, Phan Vin Mach

MOI TRUONG

Nghién ciru phdi hep niing lye xir Iy sinh hoc hiéu khi va ki khi aé xir Iy
nwde thii 16 giét mé quy mé phong thi nghigm. 360

Ngo Kim Anh, Bach Quang Diing, Vi Tién Nhién
Nghién ciru tién xir Iy nwée thii giét md gia sic tai 16 giét md tap trung....366
Bach Quang Diing, V@ Tién Nhién, D3 Tién Anh |
Buge diu dinh ;‘_u;ké_ggu gidm sit ng dong axit (Ling dong wot) tai .:702:

chit
378




Jﬁi_ﬂ'd" khoa hoc QRJCM Khi luﬂglhﬁy vin, Moi lrmmén d6i khi hiju

MO HINH DU’ BAO SONG MRI-III TRONG DY’ BAO NGHIEP VU
SONG BIEN TAI VIET NAM

Pham Khianh N'g,?c(l)' Nguyén Ba Thl"y(l)' Nadao Kohnom, Nguyén Manh Dﬂng")
2 “Trtmg .’.‘3'" Dur bdo khi tiwong thiy van Trung wong
JVign nghién ciru khi twgng, Co quan khi tegng Nhat Ban

MRI-IT la mé hinh tinh song thé hé thic ba dwge Vién nghién ciru Khi tegng (MRI)
thuge Co quan khi twgng Nhdt Ban (JMA) xdy dung dwa trén hé phwong trink can béing nang
hegng pho dé phu vu di bdo song mede sau v mede nong. Trong bdo cdo nay dwa ra mot s
két qua trieomg song die bdo trong diéu kién co bao dé ddnh gia kha nang ing dung ctia mo
hinh MRI-III trong di bdo nghiép vu song trong bao tai Vigt Nam.

1. Mé diu

Thong tin vé song bién co ¥ nghia vo cung quan trong ddi vai cac hoat dong
kinh té, giao thong trén bién ciing nhur ving ven bd. Chinh yi vay ma C_{?C béan tin :h,r
bdo song ludn duge quan tam khong nhing trong nht'rr‘xg pgay;cé. tho: tiét nguy hiem
trén bién (bdo, ap thap nhidt doi, gié mua m;mp...) ma con d_e lip l_cc hpach cho Fac
hoat djng trén bién. Hién tai, da c6 nhi¢u mo hfnh. céqg ngh¢ du bao song .Cho ving
bién ngoai khoi va ven bo da duge xdy dyng va dang Ung dung trong dy bio nghi¢p
v, nhu cdc mé hinh WAM, SWAN, STWAVE, \.NA\'II:\YACH._ Trung tim Dy bao
khi tugng thiy vin (KTTV) Trung uong la don Vi :chtu. trach nhi¢m d}: bio n‘ghlcp‘\:'u
séng bién cho khu virc Bién Dong va céc Vf"‘g bién cd nun‘{c (bao gom ¢d ving bién
quin dio Hodng Sa va Truong Sa), trong ki d6 céc Dai Khi tugng Thuy vin khu vire
ven bién c6 trach nhi¢m dy béo chi tiet khu vuc b:éq minh ph\f fréch. Tuy nhién, m’)}
1% cong nehé du bio song tai Trung tim D B0 kil hoong e T e
m{t trong nhimg han ché dugc quan tam 'nhut hlcp nay mol t’ 1€O 'TQ!DH} inl dyu b39
séng (SWAN) v md hinh ducc thiét KE €40 50 bOiREN VOB S Ding i ven b5
Viét Nam véi d§ phan giai tho (1/5 d9) Céc k_ct qua d§r bdo chua dam bao‘dq chi tict
¢in thiét cho khu vyc ven biy va quanh dio noi thong tin dyr bdo séng duge quan tim
hor oA e o béo mhy; md hiab di 049 FHER iRsidaCeati K Bg P
Bin xdy. duns va hign dang p dung 00 aebio 8P N :‘n p o
thiéu, &6 :;:5, duge xdy dung dya trén hé phuong tr(;:h czn i ug L’:‘n i ul;cvng_P o dé
tinh todn trurdng song AUOC sdu va ¢ xet dén anh huong € laé-l:‘g ﬁ i g(-;mg- vﬁrz'
bo. Md hinh Mgkj II% ciing da duge thiét ké tinh to:gn c::anut f:m :ﬁu ?un :pvc; cl::j tvz
md phong chi tiét trudng SONE ‘?é? “mg ia,,"“nh todn. Mot s két qua tinh todn thir
quanh céc diio ma khong 1o ARICL, ﬁam 43 cho thy kha ning dp dung trong dy
nghitm mo hinh cho diéu ki¢n 188 VUl Rl £
béo nghiép vy song bién trong O BIEE L

2. Gi6i thigu md hinh MRITIT A

21, Cosirlf thuybgmolinh
Mo hinh MRI-II 18 S¥ S0

Wave Model) - mé hinh B

Model) - mé hinh
bién cho mo hinh
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.~ ‘M hinh MRI-IT1 duge xdy dyng dya trén hé phuong trinh cdn bing ning lwong
pho song:

dE(f,0)

dt
Trong d6: AE(f, 0): 1a phd song 2 chidu phy thude vao tin sé va hudng, GO
1a vn toc nhom song, Sis: 12 nang lugng gi6 diu vao. S, =A+BF, vl A Ia thanh phin
dai di¢n cho cho song phat trién tuyén tinh va thanh phin BF cho song phat trién theo
quy lut ham mi, S, : Ia ning lugng phd phi tuyén (phf) JONSWAP), Sg: la tiéu tin
nang lugng do qua trinh séng v duoc tinh theo cong thire cua Ueno (1997). Chi tiét

vé co s 1y thuyét cia mé hinh dugc trinh biy trong [2].

S d6 khéi cita md hinh dwoc minh hoa nhu trén hinh 1.

+ V. (’g(f) E(f.0) = Sin + Spi + Sas

Hinh 1: So dé khéi mé hinh MRI

2.2. Truwong gio

Thong thudng md hinh nhin truong gi6 diu vao tir cic md hinh dy bio sb tri
trudmg khi tugng. Tai Trung tim Dy béo khi tugng thiy van Trung wong sin phim cua
cdc md hinh dy bdo s tri GSF, HRM, ... dang phuc vut dy bdo khi tugng, thiy van va
héi viin, trong d6 ¢6 dy bdo nghi¢p vu song bi¢n. Trong trudng hop ¢ bio ma co s

o biét vé két qua dy bio quy dao bilo ctia cdc md hinh dy bio s6 trj véi quy dao bio
hye té (quy dao khi phat tin bdo), liic 46 md hinh bio gidi tich duge ap dung dé tai tao
n  dyr bao (vi tri, 4p thdp tai tim, ban kinh gi6

1

- Khi ticgng Thiiy van vi Bién doi khi hiu
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(bdo di nhanh, c-h{xm. I&ch trdi, 1gch phl;g)ng N%ﬂp phai trong dyr bao nhur vi tri tim bdo
hién dang o dp dung nhu Fujit (1952), Maser /e, 11 DRO il tich thong dung

2.3. Diéu ki¢n ban diu

Tai Co quan : Mg

duge xz’nf dinh i cl:};:'ylgg: g?““‘. Ban, trudng song ban diu cho mé hinh MRI-II

an trhe tir rada, vé tinh. oo oo Kot qud camo hinh chay trude 6 6 giy va s6 liéu
B o doc a6t s L20 Va mdy ghi ty dong. Chi tiét vé quy trinh ddng hoa di
léu song duge gi6i thi¢u trong Nadao Kohno va céc cong sw (2014), Vice hiéu chinh
truomg ban ddu ndy ¢ cai thién ding ké két qua dy bao trudmg song, dac biét 1a t
thoi doan du bdo ngan. £, 1¢t 1a trong
3. Két qua dy bio thir nghiém mé hinh

~ Trong bio céo ndy, md hinh MRI-III dugc thiét ké chay thir nghiém cho viing
bién Viét Nam trong thoi gian bio Rammasun thing 7 ndm 2014 anh huong trén ludi
tinh 16ng 14 ludi cho mé hinh song nuéce sdu trén toan Bién Dong (GWM) va ludi cho
mé hinh séng ven b& cho vinh Bic Bo (CWM). O day s li¢u gié duge sir dung trudng
dir béo chir khong phai trudng tdi phin tich vi phuc vu cho 2 muc dich: (1) Do
Rammasun 1a con bio c6 huéng di chuyén va cudmg d9 khé dn dinh, cic md hinh dy
bao sb tri cho két qua du bdo truomg khi tugng va duong di cua con bdo kha tuong
d6ng vai thue té nén co thé sir dung dé danh gid dd tin cdy cua md hinh dy bao séng
(so voi s liéu séng quan trfic); (2) So sanh két qua cing nhur thoi gian tinh todn cla
md hinh v6i mé hinh hién dang chay nghiép vy tai Trung tim (md hinh SWAN).
3.1. Thiét Iip mé hinh

o Mién tinh, ludi tinh :

. mién tinh duge thict 1 2i :
tinh 13 K&Tﬁaﬁz‘hvgmhsn i 0125° x 025 (khallg f Skom), SYEALROL MH1 theo
hudng kinh d¢ va vi dg tuong {ng 1a 105 vi 'lOI.‘Vm' .mlé !llnh C‘\‘:l 3 ‘:!:un'l.l‘no : ;roqc
thiét [3p tir 17° - 22°N va 105° - L11°E, uOn tinh LA gL R Sl
0.05° (l‘()hoén 5.6km), s diém luoi theo huong kinh do Ya.X] 60 UIOPg HTR

05° (4 g ».0km), i o ETOPOS dugc ndi suy Ve dd phin gidi phu hop
101 diém. S ligu dja hinh dugec 12y 1
v6i mién tinh va lu6i tinh dugc thict 14p-

dp tir 0° - 25°N va 99° - 125%E, ludi

: 1ian pién va diéu kién ban dau
£pes 22 a0 diéu kign bien va diéu .
o §6 ligu dau vao, diet . cho c4 hai md hinh GWM via CWM la van tée va

Z?x;c thoi gian 3 gitr nhin dugc tir md hinh GSF c6 do

Trudmg khi tugng dv b ge tir !
huémg gi6 tai 4§ cao 10m vol 26 0 dugc sau do s& chuyén doi vé format theo yéu

phin giai 0.25 x 0.25. Trudng dut bdo s6ng nude siu GWM s€ dugc chay trude dé
cdu ey _[11. M@ hinh ¢ 5% n by CWM.
15; :,‘:Zi‘g:l ;henbgjln diu vao cho m0 hinh song ve
3.2. Két qua dy bdo thit nghifm e lugi Bién Dong GWM tai thoi diém
Két qui du bio INUIE XL g i blo dF W i
true khi bio b b0 vao 480 FE S0 o) va 3(a) tuomg R 0 X iy dut b g song
vinh Bic B9 dugc thé lg&‘ v‘;‘:“ ud cia mg_mqh-SWAN dang chay dy bdo nghi¢p
bt w u&i‘k‘.ﬂm’m 309

dy béo tai cing thot AT
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vy tai Trung tdm Dy bdo khi twgng thiy vin Trung wong cho thiy sy tuong dong cao
gilra hai md hinh ve phin bo d§ cao va hudng song.

Hinh 4(a) la phin b0 truémg song ¥ nghfa tir két qua tinh todn cia luoi ven by
CWM. Két qua tinh toén cho thiy ¢6 sy tuong dunL vé phén bé trudmg song cla hai
lugi tinh. Tuy nhién, 50 sanh véi ludi tinh CWM, ledi tinh GWM cho két qua do cao
song Ién hon. Nhin dinh ndy da dugce kiém tra khi so sanh dj cao séng quan tric bdng
mat tai tram Bach Long Vi theo ¢ic OBS quan tric nhu trén hinh 4(b). S khac bi¢t
kha 16m yua két qué tinh todn tir md hinh trén hai ludi tinh va s6 lu.,u quan (r.m c6 thé
do m§t sO nguyén nhén nhu sau: Vi tri diém tinh va diém quan tric trén thue té ¢ thé
khéng triing nhau; Diém quan tric ndm & vi tri khudt gi6 (phia sau dédo) so vdi hudng
bdo di chuyén cua bao, trong khi dé anh hudng ctiia ddo Bach Long Vi lai khong xét

téi trong mo hinh (du.m tinh trén dao vin 1a nudc); truong gi6 sir dung la truong du
bao nén trén thye té vin ¢6 nhiéu khac biét s0 véi thye té,

Ma hinh MRI khong nhimg cho két qua dy bdo séng y nghia ma con nhiéu
tham sé song khac nhu séng limg, song gié nhu minh hoa trén hinh 5(a) va 5(b). Su da
dang trong san phim du bao song cua md hinh s& phyc hiru ich cho nhicu déi tuong

voi cdce tiéu chi khac nhau, ddy ciing 12 mdt wu diém manh ciia mé hinh so véi cic mo
hinh hi¢n dang sir dung.

"

t § i ¢ 885 14

11880 ¢80

Hinh 2: Triong séng y nghia tai thoi diém tam béo chudn bi vao dao Hai Nam
(a) Mé hinh GWM. (h) Mé hinh SWAN

.'villfi:

Hinh 3: Trudng song y nghia tqi théi diém tam bao

®)
tré
(@) ludi GWM, () M hinh Sy " Bdc Bo
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bdo ctia mo hinh trén lwai CWM

Hinh 5 San pham die
litng, (b) trweong song gio.

(a) truong song

Trén day 12 mot sb ket qud (inh todn thir nghiém trudng song dy bao bing md
e et it kign Vit Nam: Mio & chua duge phan tich dinh gié k§ hiing
Vi cdn c6 sy khic bit gida két aud iod tofn du bio va 50 lifu quan (5 iitng ohing
sén phém ciia md hi nh MRI- hay kha ning ung dung md hinh dy béo song
tai Viét Nam trong thoi gian 1¢i dady-

4. Két lufin s o
T i . mo hinh du bd0 sng cua co quad tugng Nhit Ban duge
ot omenatn i B ey o 0 06 L i o gian bl
Rammasun thalr,\g gnngam 2014 anh puong. MOt sb két qua nghién cuu dugc tom tat nhu
sau: - . -
 dung cho diéu kién Vict Nam véi chay trén 2 luéi
- Mo hinh ax duge khel 0152 8 S¥RL i vy i nh dp ding cho ving ven e

tinh, lu¢i th ap dung cho ving bi
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.~ Nhimg thir nghi¢m ban diu cho thiy khong nhimg thoi gian tinh todn ngin ma
két qua dyr bdo ciia md hinh khd pha hop v6i mé hinh dang chay nghicp vy tai Trung
tam Dy bdo khi tugng thiy van Trung uong cling nhur véi $6 liéu quan tric.

- Kiém nghiém mo hinh vai nhitng s6 liéu diu vao tin ¢y hon (sur d}lng_Wf’ng
8i0 tai phan tich, trurdmg do sau ¢dp nhit méi va s6 li¢u quan tric €6 do tin cdy cao)
cing nhu xdy dung cic chuong trinh h trg trong téc nghi¢p 1a nhimg ndi dung can
thyc hié¢n trong thoi gian i
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STUDY THE CAPABILITY OF MRI-IIl WAVE MODEL IN
OPERATION WAVE FORECASTING IN VIET NAM

Pham Khanh Ngoc, Nguyen Ba Thuy, Nadao Kohno®, Nguyen Mant Dung
) National Centre for Hydrometeorological Forecasting of Vietnam
? Meteorological Research Institute-Japan Meteorological 4 gency
The JMA ocean wave model MRI-111, originally developed at Meteorol,
Institute (MRI) of the Japan Meteorological Agency (IMA), is pas ological Research

3 ed on the
equation for wave spectrum, and applied for deep and shallow water Wave.e'[':’;gh);sb:mcf
MRI-1II model is used for simulating wave field forecast in stormy port,

conditj, 7
the applicability of MRI model in the operation forecasting of storm WM"’:‘uV;:hlch evaluate




Héi thao Khoa hoe Quée oj
_ Hpithio. Quac gia vé Ky tugng Thiy vin, Msi tricong va Bién d6i khi hiu

NGH“‘:‘ N CUU I'JNG DUNG MO H
VvV i”" JMA TRONG D \
C 1 BAO

3l (1 x

Bui Manh Ha'"", Nguyén B4 Thiy™, Trinh Thi Tam"", Nadao Kohno®
Nguyén Thj Thu Mai®

,D“ bdo khi tiegng thity van Trung wong

tiu Kh:" twgng, Co quan Khi twong Nhdt Ban

n va Hai dicong hoc, Dai hoc Khoa hoc Tie nhién Ha Ngi

1 " Trung tam
) Vién Nghién ¢
® Khoa Khi tieong Thiy v

_ Daiven bién la noi c6 nhiéu lyi the dé pht trién kinh té ninng ciing theing xuyén
Chfll fﬁ"(’i hai 'dU IU"-: JO"'g cua thién tai, trong do c6 mede ddng bdo. Bai bdo nay trinh bay
mut-so Ifct qua n‘ghwn curu, khai thac mé hinh die bdo nude ding bdo ciia Co quan khi tugng
Nhdt Ban (m6 hinh JMA) dugc chuyén giao cho Trung tdm Die bio khi tweong thiiy van Trung
womg thong qua Hoi thao quoc té do Trung tim Phong tranh thién tai Chau A (ADPC) 16
chirc tai Thai Lan thang 6/2012. Ddy ld mo hinh ma nguon ma, co thé chay trén hé diéu hanh.
Mot s6 két qua tinh todn phuc hoi nwic ddng cho mit s6 con béo dién hinh trong qud khir
dwoc so sanh vdi 56 li¢u quan trac va cho két qud ddng tin cdy. Nhém nghién cieu ciing da xdy
dimg mot s6 chwong trinh xie Iy ddu vao va dau ra nhim hé trg thugn lgi t6i da cho due bdo
vién trong qua trinh tdc nghiép.

1. Giéi thi¢u vé mé hinh

M& hinh JMA (JMA Storm Surge Model) la mo hinh do Co quan Khi tuqng‘Nh:_it
Ban nghién ciru xdy dung dé dy bio nudc dang bdo & Nhit Ban. Co s ly thuyét clia
mo hinh 1 giai hé phuong trinh nudc nong hai chicu, trong d6 yeu to ngoai lue tac
dong la gi6 va ap suat khi quyen.

Phuong trinh chuyén dong:
1 D_a’(_c____fg—)———l—-(‘tax—fbx)'ffov

D, oD, 0D 1 (1)
E‘l‘——ax + ay pwg ax Pw
< 1
ap, aDw,,_——aD"’=;1_DM——(‘W"W)—’D“ (2)
o Tan ay s | Y
P e %& =t i
Phuong trinh lién e ° 5, p'::‘in v@nytéc trung binh theo d§ siu theo phuong

Trong d6: u, v la cdc thanh

Fe & Coriolis, Py : Mt do nude bién, ¢: do
phuong ngang, x va y twong Une:

. tham §
2 Ty céc thanh phin (mg sudt gi6

« ong, Taxs
ding myc nuéc bién, g: 12 812 toe Wn.g i “ H 14 d¢ su nudc bién.
i 5 cic thanh phin ma sat day,
mat bién, Tbxv Tby: nh nhur sau:
4o g sult i va ma sit 48Y duges
Céc thanh phdn ung Lt C“|V|v,, )
Tax &
T2 = =—Pa 2!V 1% jugt binh phuong nhur sau:
in asétdéyd""“mhmco :
Céc thanh phan m
Vign Khoa hpe Khi tuegmg THY et

el R
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= - wC U U,
Tb - {be p dbl l (5)

Tpy = —prdeUIU-y
Trong d6: V 1a viin tde gi6, U 14 vin tde nuée, p, 1a mdt dg khong khi, p,, 1a
mdt dd nude, Cq_, Cy, 1 cic hé sé ¢6 gia trj nhu sau:

Ci=32%107°
oy =25x107°

Trong mé hinh JMA, truomg gi6 va dp sudt khi quyén diu vao cé thé _sir dl_.xpg
truomg du bao tir mé hinh sé trj hodc dugc tinh theo cong thire bio gidi tich cua Fuytfl
(1952) hodc Mayer (1972) tir cic tham s6 dur bao bio. Thuc té truong gid trong bdo co
dang phire tap hon do chiju tac dong cuia nhiéu higu (g ma khong phai la truémg doi
ximg xuyén tdm. Chiing han chuyén déng tinh tién cua tdm bio, df Iéch cua véc to gié
khoi tiép tuyén dudmg ding ap va anh huong ctia mt s6 yéu to gdy nhiéu khac...
Trong md hinh da c6 cha y tinh dén cac hi¢u (g nay dé ¢6 duge birc tranh gan ding
thye té ciia trudmg gi6 va dp suit khi quyén trong bio.

2. Mt s6 két qua tinh todn nwéc ding bio bing md hinh JMA

2.1. Mién tinh va lwéi tinh
Mién tinh dugc xdy dung cho diéu kién cia Viét Nam tir vi tuyén 8 °N dén vi

tuyén 22 °N va tir kinh tuyén 103 °E dén 120 °E. D¢ phin gidi ngang cua luéi tinh 12 2
phut (khoang 3.7km).

2.2. Quy trinh tinh todn, du bdo nuwdc ding bio bﬁng mé hinh JMA

So dd quy trinh tinh todn, dy bio nuée ding do bo bing mé hinh JMA tai
Trung tim Dy bao khi tugng thiy vin Trung wong dugc thiét ké nhu trén Hinh 1,

File diéu khién; CSDL truomg -
ban diu (tham s md hinh, dja MO HINH

CHUONG TRINH

hinh, gi6, 4p tit md hinh 6 hodc | g mw, HOTRO DY BAO
tham 6 bo dy bdo, vi tri tinh [—/| IMA 3= NGHI le
toan du béo ... ) : ¢

/SAN PHAM DY BAO

" Bin 46 truomg gio, 4p, dong chg
ding blo theo thosi gian;  © Y VN Bude

= Bin dd trutm

' 8 nuoe ding biio cyc dai trong blio
- Bién trinh nude ding bio; trj sé nuee ding blo
Cvcdumctcvwninhtotn,dubéo

gy ! Cee 8t 1vel \j

Hinh 1. So d6 quy trinh di bdo mede déng bao bang mé hinh Jpg4

B

= Vign Khoa hge Kni liegng Thiy van v4 Bién déi kni hiu




A

/ygg@jﬁ“ hpc Quic gia vé Kii tiepng Thiy vin, Moi tricomg va Bién doi khi hiu
23, Mt 56 két qua tinh todn kiém nghigm mo hinh

Truge khi trién khai thit nghiém trong d béo nghiép v, md hinh JMA cling d
guge kiém nghiém cho mot s§ can blo gdy nue ding ding ké trong qué khis, trong
ghudn kho bio cdo ndy chi dua ra két qua tinh todn nuée ddng trong 4 con bdo: Keami
(§2000), Wukong (9/2000), Washi (7/2005) va Damrey (9/2005). Dinh dang file tham
5§ bdo dau vao cho md hinh JMA theo nhu Bang 1.

Bang 1. Dinh dang file tham 56 bao ddu vao cho mé hinh JMA

Cyclone Wukong (2000) TIME: Start: 200090719 End: 20009110119
72 Hours Calculation
06 Hourly Data
DATE Po (mb) |Longitude | Latitude [Ro(km) |Coef | Pfar
20090712 | 975 115.2 190 70 0.5 1012
20090818 | 970 114.7 19.0 75 0.5 1012
20090800 | 960 114.2 18.9 80 0.6 1012
20090806 | 955 1134 18.8 90 0.6 1012
20090812 | 955 112.5 18.8 95 0.7 1012
20090918 | 960 111.6 18.6 80 0.7 1012
20090900 | 960 110.5 18.4 80 0.6 1012
20090906 | 970 109.7 18.1 80 0.5 1012
20090912 | 975 108.8 18.3 75 0.5 1012
20091018 | 980 107.8 18.5 70 0.5 1012
20091000 | 985 106.8 183 65 0.4 1012
20091006 | 990 105.6 17.9 60 0.4 1012
20091012 | 996 104.0 17.9 50 0.4 1012

bing

khong c6 sy sai khac dang ké vé trj s cn
cye dai.
=L
| .- —
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e
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|‘ — ——" | p—
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Trg: Ciia Vige et R e e

Quge thé hign qua cac

3

Hinh 2 va 3 duci ddy so sinh gi¥a

ing md hinh JMA trong bdo Kaemi tai

_ Hinh 2: So sdnh giita thiee
link todn meérc déng trong bao

dova
Kaemi tai
Cira Viét

Mo"“é‘q“m@"_g@mnh

Ghi chit: Ro: ban kinh gio manh (km), Coef: he s6 can.

trj s6 nuéc ding bio thyc do va tinh todn
Cira Viét va Dong Hoi. Két qué cho thiy

g nhu thoi diém xudt hi¢n nuée ding bdo

Hinh 3: So sdnh giita thuc do va
tinh todn mede dang trong bao Kaemi tai
Déng Héi

ing cyc dai trong bdo Kaemi
5. i véi con bio Wukong, két qua tinh todn

tpv&nuGCd
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P pe—— Y W
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cho thiy trj s6 nude ding bllo cyre dai khd Iom, dao dng tir I.Jn? dén 1,6m. (}éc két
qua md phong truimg nude ding cue dai cho thiy nuge ding don ve phia t_""“ phii
dudmg di cua con biio, 2y nuuc‘d;‘mg cao trén 1,0m doc ven bicf‘. -L"'v“ vic “f Than'h_
Héa dén Ha Tinh, nude ding cao nhat dat xdp xi 1,6m tai Cira Hoi. | "’j]" 6 va 7 dui
day thé hi¢n trnirémg dong chay va nude ding cyc dai tinh toan trong bao Wukong.

Surge helght (m) and Wind Max Surge helght (m

20" f:'l-?- —_ = ot oo o {
\ ;

20

7

s VF v
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177 / (o s il
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Hinh 4. Truong dp trong bao Kaemi Hinh 5. Triecong mede dang cuee dai

lue 135 gio, ngay 22/08/2000

tinh todn trong bao Kaemi
Surge height (m) and current

Max Surge height (m)
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Hinh 6. Truong dong chay trong béao Hink 7. Trons : 2 |
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< : todn v,
Nhugng, tran Cra Hoi duge chi ra ¢y, A thye do trong bio Wukong tai tram Cia

ghic 16n ve tri sO nuée ding eye g ong hinh 8 va hinh 9, V& co ban khong c6 syt sai
i Cira Nh lai - 941 11 hai tram ndy nhung vé thoi diém xuat hi
(pho) i Cira NOvong lai ¢6 st sai khdc ding k. khodup 6.7 hr - flon L PS
- ) g 0-7 ticng,

> 5 mﬁ_

— - — ) e = e
M= o=
L S
{“ s = 7/}/ ‘\,‘\.‘\_:*‘7
T
u*‘-. !!Ju_\_ S ———

f e el — —
o B — : ———
Tram: Cita Nimayug —— QU —— Togea: Cha K —— ek —— -

Hinh 8: So sdnh giita thiee do va tinh togn Hinh 9: So sanh gitta thuc do va tinh todan
mrdc dang bdo Wukong tai Cita Nhwegng ~— muwdc dang trong bao Wukong tai Cira Hji

Céc két qua tinh toan nudc ding cyc dai trong bdo Washi va Damrey tai mot s0

khu vire dugc so sanh voi s6 lidu thuc do thé hién trong cac Hinh 10 va 11 dudi day.

DoNghl CinCi= Male
|-‘I’dva- MVG-‘

BuChiy YéaHumg HiaDin
| Kmwe
Hinh 10: So sanh tri $6 meoe dang ce
dai giiza tinh todn va thye do (rong bdo
Washi tai mt sO khu viee

3. Két luiin
Mo hinh tinh toén, dy bdo 0
twgng thiy van Trung U
md hinh va xdy dyng m !
GMT va Grads nham hé trg Lt;‘ugm lg
nghiép vy, Két qua tinh todn phve
y trién vong cua mo hinh 4p dung

ot b chuong Ir

TAILIEU THAM

Héng Lam ¥4
Nghién cu

| Nguyén Thé Tuong, Trdn
dé 1aj Hop téc Viét - Trung
Phuong phip s6. ot
2 L& Dige Todn va cdo o0n8 B¢

dong ciia bio va chc hign WIS "o,
“‘“Ygén vé khu nudi mﬁ.‘“y mﬂp

(ML

wéec ding ba:‘ll'

: ién khau nhdp dir ¥
pugelt inh xir 1y
i t5i da cho du b

hai nuoc ding cho M

trong dy bdon

cc cong ¢
duy bdo song bi

Typhoms Dunery (05

HeaDia DiénDuin Tis Hii HaHis BihMab SimSow

———)
Klwi vy | OT=hweis Thwcs

Hinh 11: So sanh trj 56 mege ddng cwe
dai giita tinh todn va thuc do trong bdo
Damrey tai mot s6 khu viee

MA da duge Trung tdm Dy béao khi
su diu vao, hi¢u chinh céc tham s0
diu ra theo format cua trinh dd hoa
40 vién trong cong tic dy bdo
Ot s6 con bio qua khir dd cho

ghiép vu tai Viét Nam,

KHAO » »
tdc vién (2007). Biéo céo tong két
én va nudc ding do bio bing

cdo tong két @& tai, Nghién clru thc

vién (200:)6'5?: hé théng ciu cang, khu neo diu tau
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THE RESEARCH AND APPLICATION OF JMA MODEL
IN OPERATIONAL STORM SURGE F ORECASTING IN VIETNAM

Bui Manh Ha "), Nguyen Ba Thuy ), Trinh Thi Tam ™ Nadao Kohno ?,
Nguyen Thi Thu Mai
" National Center Jor Hydro-Meteorological F. orecasting
! Meteorological Research Institute-Japan Meteorological Agency
Y F aculty of Hydrology, Meteorology and Oceanography,

Ha Noi University of Science

There are manyadvantages foreconomic de velopment in
areas oftensufferfromthe effects ofextremenatural disasters,
article briefly introduces some results from the research into a storm surge model which is
developed by Japan Meteorological Agency. This model has been transferred to the National
Center jerydromeleoroIogicalForecaslinglhroughlmernatio

. ’ nal Workshoporganizedbylhe
Center forAsian DisasterPrevention(ADPC) in Thailand, 6/2012. IMA s theopen

coastal areas; however, these
includlngslormsurges. This

esults from simulated storm




Hgi thio ki 2.8

— ‘.m .oa h”%@ van, Méi trieng vi Bién déi khi hiu

MOT SO KET QUA TiNH 10 4 -
DANG TRONG BAO BANG

THUY TRIEU, SONG BIEN VA NUGC
MO HINH SUWAT TAI VIET NAM

A
» Trin Son Ting®, Nguyén B Thiy @, Trinh Thj Tam",
§ooyou| Kim
L egng Thity van va Bién dai Khi héu
bao khi egng thiy van Trung wong
sau dai hoc-Dai hoc Tottori-Nhdt Bin

Do Dinh Chién®

B 25
s Vién Khoa hoc Kn
Trung tam Dy
£)) P .
Khoa cong trinh

Tror. ién ciru nay, mé hinh ti '
Balvee: 0 l’ﬁé’rlrg\’-"u n ¢ zm nay, mo hinh tich hgp SuwAT (Surge, Wave and Tide) dur bao thuy
£ JONS 2 adg s dang tr ong bdo dwge nghién ciru va tinh todn thie nghi¢m. Trong do,
mé hinh thanh phan tinh thuy 5

R o fricu va nuge ding trong bdo dugc xdy dung dua trén hé
p g Song nwoc nong phi tuyén hai chiéu co xem xét dén dnh hwing ctia nede ding

do song dwyc tao bQi wng suat song, voi tmg sudt song dwoe tinh tir mé hinh SWAN. M6 hinh
SuWAT da dwgc kiém nghiém cho thiy triéu va meie dang trong béo 3 con bao lich sic gdy
medc dang dang ké. Két qua tinh todn cho thdy chi so NASH trong dinh gid sai 56 giita thic
do va tinh toan cua thuy triéu va medce ddng trong bao tai cdac tram so sdnh hdu hét dat trén

0.8

1. Mé dau

Thuy triéu, séng bién va nudc ding trong bdo la cde yéu td hai vin rit dugc
quan tim trong céc hoat dong kinh t¢, giao thong trén bién. Céc yéu 10 ndy da dugc
tinh toan va dy bao tir rit 1au. Hién tai ¢6 nhicu nghién ciru ing dung cic mo hinh s6
tri trong tinh todn va dy bao nghiép vu thay tri¢u, séng bién va nude ding do bdo.
Thong thudng, cac yéu t6 trén dugc tinh todn doc 1dp, u‘rc' }ix ct.ma tinh déf\ twong tac
gitta ching ngoai trir nudce ding va thuy tricu da duge nghién ciru theo hudng ket hop
gin day [1, 2]. Do viy ma do chinh xdc cua md hm;h trong mot SO trudng hg.Tp con hq:n
ché. Ly thi dy voi nudc ding do blo, trén thue 1€ song bicn ddng gop mot phin rat
dang ké vao myc nudc dang tong cng trong bdo. Nhicu nghién ciru da k‘ct lu.én‘rﬂng.
muc nude dang do song phu thude vao cac 1hfnm §6 §6ng ((1(3 cao Vﬂochu ky), dd sdu va
dd déc duomg b, trong nhiéu trudng hop co the dong gop 191, 4035 Gphs. e nuoe
dang téng cOng trong bio. Nhiéu két qua tinh toan cua cic mo hm!l l\hfmg xem x'c.t f!en
dnh hudmg cia pude ding do song (wave SS‘UP.)- ma chi tmh. nudc d:mg gdy boi ung
xudt gi6 va do giam ap & tim bao thuong din toi ket qua nh.o hon gid tri thye do kha
nhiéu. Do viy, xem Xét phan dong gop cua nude ding g s:Slrr\g VZO n:suc n;xéac:dang
tdng cong (thily triéu + nudc dang do bio (g0, ap) + Gl ;mgh_o song) 1a ratbc;;n
thiét, Trong nghién c(ru nay, mot s0 ket qud tinh toén thur s s ﬁ."l‘;ﬁif:;‘g ek
Vi ot o b bing mohinh couple SUWAT duvo gidl thisu MO W 63 Auoe

choras Y hoc Kyoto-Nhit Ban, da khic phuc dugc nhirng_ han ché mﬂ‘cﬁc mo
phat trién tai di{l 0‘; 40, mudc ding bo dugc xdy dung va phat tn(_l'? trong nude truge
hinh, cong ngh¢ du b 0d 3ng thi anh huong ca thy tricu, song bién va ¢6 chirc niing
dy, dé 1a xem xét C::g‘k i %m thir nghiém ban ddu di cho thiy ¢6 thé st dung md hinh
l;;\;\tl:xm l?:lfh i\gg: cling n?\u du bao nghigp vy thiy triéu, song bién va nuéc dang do

ong
bio.
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3 Bidn d21 kil hiu
. . L »a ) - 4 y o | 1 N
Hii thdo khoa kpe Quoc gia ;:c‘f,- f twgmg Thiy vdn, Moi trscimyg va Bign @ .

2. Gibi thidu mé hink SuWA 1 .

MO hinh SuWAT 14 md hinh Couple dt h dOng thor ca nuoe dang <o ba?'
thiy tri¢u va song bién, SUWAT Ia mo hinh & xfly dung a1 dai ng Ho N!‘a'
Ban dé phuc vu tinh todn va dy bdo nude ding do bilo vai do chinh Xdo ca0 do I!nh
dén nudce dang do song. Md hinh SuWAT duge xdy dung dua trén hé phur mg """h
nude nong 2 chiéu dé tinh thily triéu va nude ding do bo. Trong do thanh phin mg

Xuat song (tao nude dang do s6ng) duge tinh tir mo hinh SWAN. Hé phuong trinh co
bin ctia mé hinh durge mo ta nhir sau:

an i ﬂ( aN ~0

a & &

M 3(M) 3(MN n_ . 1 P 1 _ &M a’u)
2 ol g el = N——d—+—(1i =1} + F )+ A, | —+ 3

éx 5’(4} !3}( d } & ax » o. &r+p_(ﬁ g ) k((tt' oy

aN (N afNM an 1 P 1 ,

& xR M ——d (- + F )+ 4} S 2

& ay(d} &r( d J+g A R R ‘[ar &
Vai: 7: muc nuéc bé mat; M, N: Vin tdc theo cac hudéng x va y; F: tham s6
coriolis; P: ap sudt khi quyén; D: d¢ siu tong cong d=p+h; 4,: Hé sd khuéch tan rdi

A.:matdo nuoc; F, £ : Lyc gdy ra song birc xa song; 1, , 4

‘BN a‘N'J

theo phuong ngang;
Ung suit déy, img suit bé mat
as. as, &8s, as,,

— Xy . —

E ¥ S aia S ST T
g oy ox dy
et ¥ cp iy
S = —*c0s’ 0+~ -~ |Edexif)
pgﬂ[c c Z}F

Sy =S,. = pe[[[cos osin 6)dento

(B G il
S =pg[j[-cism’o+?' —5]&10210

Vi C, C, Ia viin tée truyén song va vén tée nhém séng.

3. Mt s6 két qua tinh todn thir nghi¢m
3.1. Mién tinh, liedi tinh, diéu kign bién vi fricong gio, dp cho mé hinyy
Mién tinh dugc xdy dung cho diéu ki¢n cia Viét Nam tir vi tuyén 8°N dén vi
tuyén 22°N, v tir kinh tuyén 103°E dén 120°E. Do phin gidi ngang ciia 1ys; tinh 1a 2
phit (khodng 3.7km). Dit li¢u dia hinh dugc Iy tir GEBCO) og do phan giai 0.5m. Tai
bién long, so li¢u thiy triéu cua 16 (M2, 82, K1, 01, N2, PI, K2 Q1 ﬁdl ].1 m00¢iu
2N2, Mu2, Nu2, L2, T2) dugc Idy tir mé hinh thiy tridu toan ciu (NAQ 90b. NAQ,
99Jb model - http://www.miz.nao.ac.jp/stafTs/nao99/README NAOTE -99b, NAO.
lam diéu kin bién cho i Bién Dong. 6 liéu truimg iy g aide i atmal)
cho mg hinh SuWAT co thé 1a 6 li¢u nhin durge tir cie mg hinhss i6, :g) 1am du vao
HRM..., hodc mé hinh bdo gidi tich (tdi tao (eOng gi6, dp theq c;‘é UGF(SS' WREF,
bio nhur toa d9, d§ gidm dp tai tam, bin kinh 8i6 cue dai). Cge ma h‘!ham $0 dy bdo
phé bién sir dung nhur Fujita, Mayer, Holland, Boe.... ¢ i tha SSObazlhd:ao gidi tich
Q¢ xac dinh
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Hg"i trdo khoa h £, y
. Qubc gia vé K Thiiy vin, Méi trwomg va Bién déi khi hiu

thong thi1g 3 hojic 6 gigy theo quy dao duy
¢6 the 15 Cinh dang ascij hojic binary, Tro
tinh trén 'oi qon. -
3.2. M1 50 ket qua tink todn gz nghié¢m

Thuy triéu

Trén hi :
md hinn[:.:\:'lf\“;. 1(::) Sbl).’-.(c) ¥2 (d) rinh by so sinh gitra tinh todn thily triéu bing
Tring va Viine Ta: ! 80 licu phin tich diéy hoa tai cac tram Hon Déu, Quy Nhon, Nha
g Vi g Tau trong thing 4 nim 2014. K&t qua cho thiy d9 Iéch pha gitra 2 két

ong di ciia bio (besttrack). Truimg s ligu
g bio ndy, cdc két qua thir nghiém méi chi

ngoai trir tram Viing Tau 13 0.

truémg do sdu va hé s6 nham phi hop. Hicn ta: s A
i Op- Hi¢n tai trong nghién ciru ndy méi hiéu chinh
h¢ s6 nham chung cho toan mign tinh 1a m=0.025. . : g

15 a1 1

e
—

L

A5 -

Tide elevation (M)

-
-

&
-

Tide elevation (m)
-

Ticte!l Elevabon (vw)

3 Teve ()

W = :
Hinh 1. So sdnh két qua due tinh thiy triéu bing mé hinh SuWAT va phan tich diéu
héa tai Hon Déau, Quy Nhon, Nha Trang va Viing Tdu

Nude déang trong bdo

Nudc ding trong bdo ¢ ddy li myc nude tong cdng, tirc 1a bao gém mye nuge
triéu, nuéc ding do gid, 4p va nuéc ding do song.Véi nude ding trong bio, mé hinh
da tinh toan va kiém cht'mg v6i s6 liéu quan tric (myc nuéc tong cdng) trong 3 con
bdo giy nuéc ding dang ké (16n hon 0.5m) la Kaemi (thang 8/2000), Wukong (thang
9/2000) va Xangsena (thang 9/2006). Quy dao ctia 3 con bio nhu trén Hinh 3. Trudng
8i6 va 4p trong 3 con bdo ndy dugc tdi tao theo md hinh bdo gidi tich ciia Fujita (1952)
dya trén 56 ligu cila cdc tham sO bdo doc theo quy dao bio duge ghi nhin (sb ligy
bestrack).

Vg Kta hpe Kl epng Thi van v Bidn i Khi g 1
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(a) (b) ()

Tram Son Tra S g
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=
¥
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: w2
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1 04

Hinh 3. So sanh gitra myec nude tong cong giita tinh todn bang mé hinh SuWAT va sé
liéu quan trac tai tram Son Tra va Ciea Viét trong con bdo KAEMI (8/2000)

s
. T 1) Erbe i, o !

e Rah 2. T o 1104 = Quan udc
e (o A Do
=
¥..| £
o X s |
. -
i o+
"'a-. \ g .;.’n.. 00 .
ot Thon wimn L) =] 4 Thin gian (gicny

-13

Hinh 4. So sdnh giita mue nuée t'é'ng cgng giita tinh todn béng mé hinh SuWAT va s6
liéu quan trac tai tram Hon Dau va va Ciea Hoi trong con bdo trong béo Wukong

(9/2000)
!l s |
L
Eai
2os
TRl ginn (ald) A2 ThOU gian (gi)

H‘fnh 3. So sanh gifra muc mede tong cong giia tink todn bing mé hinh Su WAT va sé
ligu quan trdc tai tram Son Tra va va Cira Hoi trong con bdo XANGSANE (9/2006)

So sdnh giira két qua tinh ton va quan tric mye nude tong cong tai mot sé
trong 3 con bio duge th hi¢n trén cdc Hinh 3 (bdo Kaemi), Hinho?i(gb}lgl ngong‘?:;
Hinh 5 (bdo Sangxena). Nhin chung mo hinh phan dnh khi '

no | phil hop véi dao cua
myc nude tong cong tre n&ow%m#ﬂo-‘hmi-mmwécquhn%@
Son Tra va Cira Viét | md hinh. Phin b4 d¢ cao Ion nhit cia nudc
ding 16n nhit (khong m thi duge thé hién trén Hinh 6 cho thdy mo hinh
cho bire tranh phu hgp véi phi dang trong con bao. Cling gidng
nhur thiiy triéu sai s6 con | | cii tién
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sdp nhat trud 1a hi . P
h;g:ngirtésnt ) k:é :}:‘;\ngl?l:; hinh va !UE: chon hé s6 nham phi hgp nhit, ddng thoi voi
4o song cb thé & xan: din lf:?" uGi 1ong ¢6 g phan giai cao, thanh phin nudc ding
o Ksemi. 2 K€ nén s han ché duge sy khac bi¢t con khd 16n trong con

Song bién

T nl r(:;:;vn:; Hin SuWAT, trudmg d9 cao song duge tinh tir md hinh SWAN trén
nén ( ki Ty mye nuge 14 ddu ra ciia mé hinh nudc ndng phi tuyen 2 chiéu Trong
klu;xon O bai bdo nay, chi dua ra mt sin phim vé phin bd o cao séng y nghia lon
nhit trong con bdo Xangsena thang 9/2006 nhur trén hinh. Viée kiém chimng md hinh

UWA lrong tinh loaﬂ du bi’lo [m(‘"\ 2 S()n i€
S 14 l ) g N £ {ro bd v
: el 4 ng 0 SC dUQC lhuc hlﬂ." llOllg

{05106)077081081 107117121 131141 153167 A TN 1B 1N20"
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Hinh 6. Truong medc ddng lom nhat trong Hinh 7. Truong dg cao séng y nghia lom
bdo Sangsena thang 9/2006 nhat trong bao Sangsena thang 9/2006

Mic dii con cdn tap trung thém cho hicu chinh, nhing két qua tinh toan trén
bude diu da cho thy kha nang cia mo hinh trong tinh todn va dy bdo thuy tri¢u, song
bién va nude ding do bdo tai Viét Nam.

4. Két lujin

Trong nghién ciru ndy, mo hinh couple tinh todn dy béo thiy triéu, s6ng bién va
nuée ding do bdo, md hinh SuWAT da dugc thir .nghlém trong tinh toén thiy triéu,
song bién va nude dang do blo. Mt so két qua nghién clru dugc tom tat nhu sau:

- Da khai thac va dp dung thanh cong mé hinh cho diéu kién Viét Nam trong
tinh todn, dy béo thiy triéu, song bién vi nude ding do biio trén hé thong luéi léng
(mac di khong di sau trong khudn khd bai bio nay).

- Nhig thir nghiém ban du cho théy két qua tinh todn thiy triéu va nuéc ding
do bao kha phit hgp s6 ligu quan tric.

Vien Khoa hpe Ki e iy vin vd Biéu dbi Khi o
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In this paper, a coupled numerical model of Surge, Wave and Tide (called as Su WAT)
was applied for simulation of tide, storm surge and wave in

/ - Vietnam. The tidal and storm
surge model is basedon two dimensional nonlinear shallow water equations, considering the
e_(fccl of wave set-up, which was calculated form SWAN model. The model applied to simulate
tide, .mz'lm surge and wave in 3 historical typhoons. The NASH coefficients berween
numerical and observation data of tide only and total water level in all calibrati i

e son o all calibration stationsare
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NGHIEN CUU KHA NANG SUY GIAM SONG TAU BOI HE THYC
VAT VEN SONG BANG MO HINH SO TRI

Nguyén Ba Thiy ', Nguyén Xuan Hién ?, Vii Hai Piang
D Trung tdm Du bdo Khi twong Thiyy van Trung wong
@Vién Khoa hoc Khi twong Thity vin va Méi truong
) Vién Dia chdt va Dia Vit 1y Bién

Trong nghién ciu nay, kha nang suy giam song tau boi thyc vat ven song dwoc tinh todn
phan tich bang mé hinh sé tri. M6 hinh tinh todn qud trinh phdt sinh, lan truyén va tac dong téi
bo séng ciia séng tau dwoc nghién ciru xdy dung diea trén hé phirong trinh Bousinessq 2 chiéu,
c6 xem xét dén thanh phan tiéu tan ndng lwong séng boi thue vat. M6 hinh sau ddy dp dung cho
mot doan song voi dia hinh ly tuong. Anh hwong cua mdt do cay va kich thuoc bdi thuc vat
duoc tinh todn phan tich. Két qua tinh todn cho thdy ning lirong séng tau va séng leo suy gidm
rdt dang ké khi tang mdt d cdy va kich thuede bai thwe vt. véi mdt do cday 250 cay/m’ va bé day
thuee vt 35 m c6 thé suy giam 59% va 73% dé cao song leo va dp lic séng twong iing.

1. Mé dau

Cac hiéu ung nudc néng, khuc xa, nhiéu xa, song do, song leo cua song giod
cling nhu tac dong cua ching téi qua trinh x6i 16 bd va bién ddi dia hinh day di duoc
nghién ctru ky ludng. Tuy nhién, qua trinh phat sinh, lan truyén va tic dong cta song
tau Ién céc cong trinh va hoat dong Iuu thong xung quanh chua dugc nghién quan tam
nhiéu tai Viét Nam ciing nhu trén thé gii. Trén thé gidi, hién tuong séng tau di duoc
quan tdm tir kha 1au va theo nhiéu huéng véi cac muc dich khac nhau. Nhimg nghién
clru gan day phai ké t6i nhu cac tac gia Tanimoto (2000), Dam va nhitng ngudi khac
(2006) cho thdy ring song do tau sinh ra va lan truyén phu thudc vao hinh dang vo tau,
tdc d6 di chuyén, do sdu cia nudc va khoang cach tau chay. Kirkegaard et al. (1999)
dua ra bao c4o vé hién trang mot s6 tau 16n di chuyén voi toc d6 nhanh giy ra su nguy
hiém ddi véi cac tau nhod va cu dan tim bién. V& khia canh méi trudng, tac gia Nakase
et al. (1999) d3 két luan rang song tau co6 tac dong rat 1on dén cac hoat dong nudi trong
thuy san nhu rong, tdo. Huong nghién ctru ndng lugng song tau va tac dong 1én cong
trinh bd dugc quan tAm nhiéu hon, cu thé nhu cic cong trinh nghién ctru cia Weggel
and Sarensen (1986), Chen and Sharmal (1997), Dong et al. 2009 trén co s& giai cac
phuong trinh dang Kadomtsev—Petviashvili (KP).

Tai Viét Nam, trong thoi gian gan day, hién trang cac tuyén ludng c6 xu huéng
xau di, hién tugng sat 15 bd s6ng, mai dbc ludng lién tiép xay ra va di duoc co quan
chtic nang va hé théng truyén thong dé cap. Tai khu vuc song Sai Gon va cac kénh
rach thudc dong bang song Ctru Long ¢6 t6i hang traim diém x6i 16, c6 nhiéu khu vyc
x6i 10 nghiém trong gdy nén nhiing thiét hai rat 16n, gdy anh hudng bat loi dén doi
song nhan dan, hoat dong kinh té, quy hoach sir dung dat va moi truong. Co nhiéu
nguyén nhan gay ra sat 16 nhu: khai thac cat bua bai, mua li... Trong d6 c6 mét phan
nguyén nhan do tac dong cua song tau (co nang luong rat 16m). Tuy nhién, hién tai
nghién ctru vé séng tau con rat it 6i, chi yéu 1a cac bao vé tac dong cua song tau toi
x6i 10 b va duge thuc hién boi cac co quan chic ning va hé thong truyén thong.
Trong mdt s6 nghién clru trudc gan day, cac tic gia Nguyén B4 Thiy (2006), , Nguyén
Xuan Hién va nhiing ngudi khac (2008) da dé cap tdi nghién ciru tinh toan qué trinh
phat sinh va lan truyén cua séng tau duy trén hé phuong trinh Boussinessq 2 chiéu. Tuy
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nhién, cac tinh toan nay moéi chi thuc hién cho kénh 1y tudng v6i cac duong dang sau
song song, do cao séng leo va ap luc song, nhitng tham sb song tac dong manh dén do
6n dinh ctia duong bo va kha ning 1am suy giam song cua bai thuc vat ven song chua
duoc dé cap chi tiét.

Trong nghién ciru ndy, md hinh mé phong qua trinh phat sinh, lan truyén qua
bai thuc vat cua song tau dua theo hé phuong trinh Boussinesq 2 chiéu tiép tuc duoc
phat trién theo hudng anh hudng cta thuc vat dugc xem xét. Sau do, tac dong cua thuc
vat td1 suy giam nang lugng song va do cao song leo s€ dugc tinh toan phan tich cho
mot sb truong hop cua mat d¢ cay va kich thudc bai thyc vat. Cac cac tinh todn phan
tich budc dau duge dua trén diéu kién ly tudng cua dia hinh song va phan bd thuc vat
(cy c6 dang hinh try, phan b déu).

2. Co sé 1y thuyét md hinh toin
2.1. Hé phuong trinh co ban

Mo hinh tinh toan m6 phong song tau dugc dya trén viéc giai phuong trinh
Boussinesq 2 chiéu ciia Madsen va Sorensen (1992). Cac thanh phan m6 phdng song
leo, sobng do6 va tac dong cua thuc vat da dugc bo sung trong hé phuong trinh nhu moé
ta duoi day:

Phuong trinh lién tuc:

0
pon 00, 99 _, (1)
ot  Ox oy

Phuong trinh chuyén dong theo phuong x:
2

o ox{ A Oy A o p p
=(ﬂ+1jh2(a 0., 70 J J

3 Otox~  OtOxOy 6 8t6x
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Phuong trinh chuyén dong theo phuong y:
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2 o?
+h@ 190, +l 9, (3)
oyl 6 otox 3 oOtoy

Trong do, 7 la myc nudc dao dong bé mat (m), O, Oy 1a luu lugng trung binh
theo d6 sdu theo cac phuong x va y (m’/s); ¢ 1a thoi gian (s); A 1a d6 sdu myc nude yén
tinh (m); g 1a gia tdc trong truong (m/s”); p 1a mat do nude (kg/m’); B = 1/15 1a hé sb
phan tan (Madsen va Sorensen, 1997); R, Rp, 1a thanh phén ti€u tan nang luong do
song vo theo phuong x, y; d 1a d0 sau muc nudc tic thoi, b la chiéu rong tuong doi
ctia kénh truyén song trong mé phong song leo, z, 7, la thanh phan ma sat day. Hé
phuong trinh, 1y thuyét dai ciing nhu két qua kiém nghiém mé hinh da duoc trinh bay
chi tiét trong cac cong trinh trudce[1,2,4]. F,, Fy la luc can cua thyc vat tac dong 1én
chuyén dong cua song dugc mo ta trong phuong trinh (4, 5):

Fo=Lc,a SNETE 4)
2 + 2
F, = %Wud, Qde—Qv (5)

Véi y1a mat do cay trén mét don vi dién tich va Cp 1a hé s6 luc kéo sinh ra do
song tac dung 1én thuc vat dugc gia thiét =1.0 véi thuc vat hinh try va khoang gia tri
cua h¢ s6 Reynold trong di€u kién hién tai, d; 1a dudong kinh cua cay.

2.2. Mé hinh phdt sinh séng do chuyén dong tau

Mo hinh phat sinh séng do tau chuyén dong ctia Chen va Sharma (1995) dugc sir
dung. Gia thiét rang chi€u rdng tau la nhé hon nhi€u so vdi chiéu dai va coi tau co
dang nhu mdt doan thang, ngudén nang luong phat ra do tau chuyén dong c6 dang
nguon duodng va dugc dua ra nhu sau:

u s (6)

Trong do, U, 1a toc dd di chuyén cua tau, S 1a dién tich tau tiép xuc véi muc nude
yén tinh tai cac thoi diém khéac nhau trong qua trinh di chuyén cia tau va dugc tinh
nhu sau:

S(xQzS{l—[ZIjCS] } P (7)

Véi x, 1a khoang cach tinh tir diém giira cua tau va L, 1a chiéu dai tau va S, 1a
dién tich mat cat ngang cua than tau ngdp dudi nudc (gitta tau) dugc tinh nhu sau:
SO =a Bs ds
Trong d0, o 1a hé s6 lién quan dén hinh dang tau (hinh dang tiét dién ngang cta

tau), B 1a kich thuéc bé ngang cua tau, d, 1a khoang cach theo phuong thang dtmg tinh
tor myuc nudc yén tinh dén day tau (chiéu chim).
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3. Két qua tinh toan phén tich
3.1. Piéu kién tinh todn

Pé nghién ctru anh hudng cia thuc vat toi qua trinh suy giam do cao song leo
va nang lugng song tau, tat ca céac tinh toan dudi day dugc thuc hién chung trén mdt
doan song vé1 mat cat ngang nhu trén hinh 1. Trong d6, do sau tai trung tim Hy=5m,
chi éu dai doan séng dung tinh toan mé phong Le=1500m. Bii thuc vat dugc gia thiét
phan bd bén phia bd phai theo hudng tau chay, cy hinh tru voi duong kinh d~0.01m,
phan bb déu va bat dau tai khoang cach 115m tinh tir tam song. Cac thong s6 Ve tau
nhu sau: chiéu dai tau 12 21.75 m, chiéu rong tau 8.5 m; ngan nude 2.0 m va hé s hinh
dang tau duogc léy 12 0.9, van tdc luu thong U=5.33m/s. Mot sb diéu kién khac nhau
cua kich thudc bai thyc va mat do cay dugc tinh toan phan tich.

~

Bai thwc vat

. M~

T T T 0 T T T T T
140 160 180 200

-80 -60 -40 -20 20 40 60 80 100

—_

~ - Puong trung tam
N -2

Y (m)

Hinh 1: Mat cdt ngang ciia séng
3.2. Anh huwéng ciia thuc vit tdi lan truyén soéng tiu

Hinh 2 biéu dién phan bd do cao song tau doc theo mat cit ngang cla sOng tai
khoang cach 1000 m tinh tir diém suét phat. Day la vi tri ma song tau da dat dén do
cao 16n nht. Diéu kién cua bai thuc vat: bé rong 35 m, mat d cay 0.0115 cay/cm .
Két qua tinh toan cho thdy, trong trudng hop khéng co bii thuc vat, do cao song tau
ting dan khi truyén vao ving nudc noéng ven bd, téi mot gia tri t6i han séng bi va.
Trong truong hop co ton tai cua bai thue vat, do hiéu tng phan xa voi cay, d6 cao séng
tang nhe phia trudc va suy giam dang ké phia trong bai thuc vat. Gid tri cao song leo
giam khoang 46% khi so sanh véi truong hgp khong co bai thuc vat. Tai viung nudc
sau hon phia ngoai bai thuc vat, do cao song hau nhu khong co su khac biét giira 2
truong hop.

Bai thuc vat

Bl
Ng 20 40 60 80

— Miit cit song
14 Khong c6 thuc vat
— C6 thyc vat

Hinh 2: Phdn bo dg cao song doc theo mdt cdt séng (truong hop c¢é va khéng
co bdi thuc vat
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3.3. Nang lugng song tau

Trong nghién ciru nay, véc to ning luong song F  dugc tinh theo cong thirc
nhu sau:

- lpd‘?‘ﬂ )

bay la tong nang song theo do sau tac dong Ién mot vat thé 40 voi kich thudc bé
ngang va hé sé can 12 mot don vi, V 13 van toc dong chay séng.

Hinh 3 biéu dién bién thién theo thoi gian cua d0 cao muc nudc, van tde dong
chay va ap lyc song tau tai diém gitra bai thuc vat (15m tinh tr vi tri c6 thuc vat). Két
qua tinh toan cho thay, gia tri cuc tri cta van tdc dong chay song va ning luong song
suét hién chim pha hon so véi thoi diém muc nudc dat gia tri cuc tri.

0.4 - — d(m) 420
— V(m/s)
— -F(N/m)

0.3 - J\\ 15
E/o.z . 110 B
e Z
E0.1 - 15 K
=

O T T T \ O
0 60 80 100 120 140\\\ 160

-0.1 - Thoi gian (s) oS

Hinh 3: Bién thién theo thoi gian ciia do cao miee nwée (d), vin toc dong chay
song (V) va nang lwong song (F).

3.4. Anh huéng ciia mat dé cdy

Anh hudng cua mat do cay t6i suy giam ning luong song tau va do cao song
leo dugc tinh toan phén tich cho cac truong hop mat do cay y =0, 0.0060, 0.0115,
0.0180 va 0.0240 cay/cm’ va trong cung mot diéu kién bé rong cua bai thyc vat
W=35m. Hinh 3(a) va (b) biéu dién mdi lién hé giita dai lugng khong thit nguyén cta
nang lugng song tau (F/F), dd cao song leo (R/R,) voi mat do cdy tai vi tri phia sau
bai thuc vat. Trong do, chi s6 “0” 1a truong hop khong co bai thyc vat. Két qua tinh
toan cho thay, nang luong song va do cao song leo suy giam tuyén tinh vi mat do cay.
C6 thé két luan rang v6i cing mot dicu kién cia bii thuc vat, ning luong séng suy
giam manh hon d6 cao séng leo. Vi mit do cdy »=0.025 cay/cm” ¢ thé lam suy giam
td1 73% va 59% nang luong song va do cao song leo tuong trng.
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1.2 1

0.8

0.6 1

R/R,

0.4 4

0.2

0 T T T T 1

‘ ‘ ‘ ‘ ‘ 0 0.005 0.01 0.015 0.02 0.025
0 0.005 0.01 0.015 0.02 0.025

Y (céy/cmz)
¥ (ciy/em’)
Hinh 4: Murc do suy giam cua nang luong song (F/F0) va do cao song leo
(R/R0) voi mat do cay (y).
3.5. Anh huéng ciia bé rong thue vit

Mirc d6 suy giam ning luong song va do cao song leo ciia bé rong bai thuc vat
duogc tinh todn phan tich cho 4 truong hop W =0, 10, 25 va 35 m, trong truong hop
mat d6 cdy »=0.0115c4y/cm’. Hinh 4(a) va (b) biéu dién mbi lién hé giita dai luong
khong thir nguyén cua nang luong song tau (F/F), do cao song leo (R/R,) voi kich
thude bai thyc vat. Trong do, vi tri dugc kiém tra nam & phia sau bai thyc vat. Két qua
tinh toan cho thdy, ciing gidng nhu anh huéng ciia mat do, kich thudc bai thuc vat
cang tang thi muc do suy gidm nang luong va do cao song cang lon. Nang luong séng
suy giam manh hon so véi do cao song leo. Vi mat kich thudce bai thuc vat W=35m
c6 thé suy giam téi 69% va 55% ning lugng song va do cao song leo tuong tng.

1.2 1.2
1 ¢ 1
0.8 0.8
%06 1 £ 06
R x

0.4 0.4
0.2 0.2

0 T T T T T T 1 0 T T T T T T 1

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Bé rong bai thuc vat (m) B& rong bii thuc vat (m)

Hinh 5: Murc do suy giam cua nang luong song (F/F0) va dé cao song leo
(R/R0) voi kich thudc bai thuc vat (W).

Trén day 1a mot s6 két qua tinh toan kha nang 1am suy giam niang lugng song va
dd cao song leo boi hé thuc vat ven song do tac dong cia song tau cho truong hop don
gian ctia phan bd va dic trung cta thyc vat. Anh huong ciia mat do cy va kich thude
bai thyc vat dugc tinh toan phan tich. Tinh todn cho diéu kién thuc té (véi mot doan
song va loai thyc vat cu thé) cling nhu anh huéng cia van tdc luu thong cia tau s&
dugc dé cap trong cac nghién ciru tiép theo.

Tdp 2: Thiiy vin - Tai nguyén nudéc, Bién, Moi truong 293



H#i thao khoa hoc Quéc gia vé Khi twong Thity vin, Méi truwong va Bién déi khi hau lan thir XVI

4. Két luan

Trong nghién ctiru nay, kha nang lam suy giam song (ndng lugng song va do cao
song leo) bang hé thuc vat ven song da duoc nghién ctru tinh toan. Mot s6 két qua
nghién ctru dugc tom tat nhu sau:

- M6 hinh tinh toan qua trinh phat sinh, lan truyén qua bii thuc vat ven song cua
song tau da dugc nghién ciu va phat trién dua trén hé phuong trinh Boussinessq 2
chiéu. Nang lugng séng va do cao song leo da dugc tinh toan va phan tich.

- Mat do ciy va kich thudc bii thuc vat c6 tac dung rat dang ké t6i qué trinh suy
gidm nang lugng song va do cao song leo. Trong do, mic d suy gidm cua nang lugng
song 16n hon do cao song leo. V&i mat do cay y=0.025 (:éy/cm2 , b€ rong bai thuc vat
W=35m c6 thé suy giam t61 73% va 59% nédng lugng song va dd cao song leo tuong
ung.

Nhiing nghién ctru tinh toan cho diéu kién thyc té cua mot song song cu thé (dia

hinh, ddc trung va phan bd thuc vat, kich thude va van toe luu thong cua tau) s& can
dugc dau tu va nghién ciru k§ ludng hon.
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STUDY THE EFFECT OF RIVER VEGETATION ON SHIP WAVE BY
NUMERICAL SIMULATION

Nguyen Ba Thuyl, Nguyen Xuan Hien’, Vu Hai Dang3
! National Center for Hydro-meteorological Forecasting
? Viet Nam Institute of Meterology, Hydrology and Environment
7 Institute of Marine Geophysics and Geology

The objective of this study is to investigate the effects of river vegetation on ship wave
action to river bank. A numerical model based on two-dimensional Boussinesq 2D equations
was developed to consider the effect of drag resistant due to the presence of vegetation. The
numerical model then apply to river channel, where river vegetation plating on the bank.
Effect of tree density and forest width on ship wave force and runup height was investigated..
The numerical results show that tree density and forest width is significant effect ship wave
force and runup height. With the tree density of 250/m” and 35m of width can reduce 59%
and 73 % of runup height and wave force respectively.
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