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TOM TAT: Trong nghién ctru ndy, co ché gy nudc bién dang cao va kéo dai tai ven bién Béc
B sau khi bdo Kalmaegi (thang 9/2014) d6 bd vao Quang Ninh dugc phan tich theo sb lidu quan tric
va két qua mo phong cua mé hinh sb tri hai duong tich hop SUWAT (Surge Wave and Tide). Trong
d6, nude dang dugec md phong véi truong giod, &p tir mo hinh bio giai tich (theo tham sb bao) va md
hinh dy béo sb tri WRF (Weather Research and Forecasting). V&i truong hop st dung truong gi6 tir
mo hinh WRF, phuong an tinh khong xét t6i anh huong ciia gié va khi ap sau khi bio d6 bo duoc thuc
hién dé danh gia vai tro clia trudng gio trude va sau khi bao d6 bo téi nudc dang. Két qua cho thay, su
dung truong gi6, khi ap tir mé hinh WRF cho két qua sat véi thuc té hon do boi mé hinh WRF di mé
phong t6t truong gié va khi ap trudc va sau khi bao di do bo va truong gié manh sau khi bio d6 bo 1a
nguyén nhan gy nudc dang 16n va kéo dai tai khu vuc sau khi bao da di vao bo. Két qua nghién ciru
s& rat hiru ich trong cong tic canh bao, dyr bao nudc dang do bio tai khu vic.

Tir khoa: Nudc dang sau bdo, SUWAT, WREF, Bic Bo.

MO PAU

Nhing nhan t6 chinh anh huéng téi nudce
déng do bao bao gdm: Céc tham sd bdo (quy
dao, van toc glo ban kinh glo manh, khi ap tdm
bao) thuy tridu, song bién va dia hinh khu virc
(d9 sau va hinh dang du’ong bo). Thong thuong
nudce dang bao xut hién va dat cuc dai tai thoi
diém bao d6 bo vao bd. Tuy nhién, trong nhleu
truong hop da ghi nhan hién tuong nude bién
dang tai thoi diém trudce (fore-runner surge) va
sau khi bdo d6 bo (after-runner surge). Trong
d6, hién twong nude dang sau bio db bd thuong
keo dai trong hang chuc gio, di gy nhiéu thigt
hai do tinh bt ngd chua du bao duogc. Mot 5O
truong hop nuée dang sau bio dién hinh nhu:
Béo Vera (1986), Dinah (1987), Caitlin (1991),
Mireille (1991), Rusa (2002), Maemi (2003),
Megl va Songda (2004) db bd vao ven blen
mién Trung Nhat Ban [1]; bio Iker (2008) d6
bd vao bac bang Texas-My [2]; bdo Berky
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(1990), Kalmaegi (2014), Mirinae (2016) dd bod
vao ven bién Bic BO cua Viét Nam [3]. Tuy
thudc vao khu vyc ciling nhu dic tmng bio,
nguyén nhén gy nudc dang sau bio c6 thé do:
Tac dong cua hinh the gio, khi ap trudc va sau
khi bdo d6 bo, thiy tridu, sdng bién va hiéu timg
bom Ekman tai luu vuc [1]. Do vdy, nghién
cuu nguyen nhan va co ché gay nudc ding
sau bdo can thiét phai thuc hién cho tirng con
bdo va tai khu vuc d6 bo cu thé, sau do de
Xudt cai tlen cong ngh¢ du bao phu hop, nhit
1a trong bdi canh blen d6i khi hau khi duoc
nhan dinh s€ ¢c6 nhleu con bdo manh/siéu bao
v6i dién bién bat thudng anh hudng téi ven
bo cta Viét Nam.

Véi hién twong nudce dang sau bio, mot s it
nghién ctru da dugc thuc hién cho cac con bao
cu thé. Tac gia Kim va nnk., (2014) [1] da su
dyng md hinh tich hop SUWAT danh gid hién
tuong nudc dang xuat hién sau khi bdo Songda
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(2004) d6 bd vao ven bo Tottori-Nhat Ban theo
nhi€u phuong an tinh toan (su dung trudng gio,
khi 4p tir mo6 hinh bao giai tich, m6 hinh so tri
du bao khi tu:ong, co va khong xét to1 anh hu:ong
cua thuy triéu, song va hiéu 1 ng bom Ekman) va
dua ra két luan rang hiéu ing bom Ekman la
nguyén nhan chinh gay hién tuong nudc dang
sau bdo va truong gio, khi &p tir mo hinh du bao
sO tri khi tuong cho két qua phu hop hon mé
hinh béo giai tich. Sau do, quy trinh du bao hién
tugng nudc dang xuat hién sau bao da dugc xay
dung cho khu vuc ven bo Tottori-Nhat Ban [1].
Nghién ctru ciia Kenedy va nnk., (2011) [2] cho
hién tugng nudc dang Xuét h1en trude khi bao
Iker (2008) d6 bd vao bic bang Texas cho thay
ngoai hi¢u tng bom Ekman, dia hinh khu vuc c6
anh hudng manh dén co ché gdy nudc dang
truGc va sau khi bao d6 bo. Tai Viét Nam,
nghién ciru vé nudc dang bdo co xét toi anh
huong cua thuy tridu da duoc thuc hién boi mot
sO tdc gid (thi du: Nguyén Thi Thu Thay (2003)
Nguyén Tho Sio (2008), DS Pinh Chién va
nnk., (2016), Nguyén Ba Thuy va nnk., (2014),
Thuy va nnk., (2017) [3-7]). Noi dung chinh cla
nhu'ng nghlen ctru ndy chu yéu tap chung danh
gia nude dang khi bao d6 bd vao cac pha triéu
khac nhau. Anh huong cia song bién t6i nudce
dang do bao gan day da dugc nghién clru. Két
quéa ctia Nguyén Xuan Hién va nnk., (2010) [9]
cho thiy nudc dang do ung suat buc xa song
tinh theo cong thirc ban thue nghlem la dang ké
tai ven bién Hai Phong. Mot sd nghlen ctru nude
dang bdo co6 xét ti anh hudng cua thuy tridu va
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nnk., (2014), D5 Pinh Chién va nnk., (2015),
Vi Hai bang va nnk., (2016), Pham Khéanh
Ngoc va nnk., (2016) [3 6, 9, 10]. Mac du sir
dung ludi tlnh khong g1an c6 do phén giai tho,
tuy nhi€n cdc nghién ctru ¢ trén déu chi ra
rang song bién dong gop mot phan dang ké toi
nudce dang do béo.

Trong nghién ctru nay co ché giy nudc
bién dang sau khi bao Kalmaegi thang 9/2014
d6 bo vao Quang Ninh duoc phan tich theo sb
liéu quan trac va két qua mo phong cua md
hinh so tri tich hop SuWAT véi truong hop su
dung truong g10 khi 4p tor mo hinh bdo giai
tich [11] va mo hinh dy béo s6 tri WRF. Pay
la mot hién twgng di thuong cia nude dang do
bdo nén két qua ciia nghién ciru rat c6 y nghia
trong cong tac canh bao, du bao nudc dang
bdo tai Viét Nam.

SO LIEU VA PHUONG PHAP TINH
TOAN

Pé mo phong nudc dang trong béo
Kalmaegl moé hinh tich hop thuy tricu, song
bién va nudc dang do bao dugc ap dung, mo
hinh SUWAT. SUWAT bao gébm 2 mé hinh
thanh phan 1a mé hinh song dai dua trén h¢
phuong trinh nuge nong phi tuyen 2 chiéu c6
xét dén nudc dang do ung suat buc xa song va
mo hinh SWAN dé tinh song. Hé phuwong trinh
co ban ctia md hinh nu6e nong phi tuyén 2
chiéu dugc mo ta nhu sau:

song bang md hinh s trj tich hop SUWAT duoc an @4_@ =0 1)
thuc hién béi nhom tac gia Nguyén Ba Thily va o ox oy
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Véi: : Muc nuée bé mat; M, N: Thong lugng
trung binh theo d6 sau, theo hudng x va y; f:
Tham sé Coriolis; P: Ap suét khi quyén; d: Do
sau téng cong d = n+h, v6i h 13 d6 sdu muc
nudc tinh; A, HéE sd khuéch tan rbi theo
phuong ngang; pw: Mat d6 nudc; 1w, 7s: ing suét
ma sat day va bé mat; Fy, Fy: Ung sudt song
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duge bd sung dé xét nudc dang do song, duge
tinh tr mo hinh SWAN. Co so ly thuyét,
phuong phap giai va diéu kién bién ban dau da
dugc trinh bay chi tiét trong Kim va nnk.,
(2010), Nguyén B4 Thiy va nnk., (2014), D
Dinh Chién (2016), Thuy va nnk., (2016) [3, 6,
7,12].
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S lidu quan tric muc nudce, gio va khi ap
tai tram hai van Hon Dau va Hon Ngu trong
thoi gian bdo Kalamegi anh huorng duoc thu
thap dé phan tich co ché nudc dang va k1em
nghlem mé hinh. V&i md hinh WRF, sb liéu
gi6 va khi ap tai phén tich cua co quan Khi
tuong han vira Chau Au dugc thu thap dé mo
phong chi tiét truorng gi6 va khi ap Céc tham
sO bdo (toa d9, khi ap, ban kinh gié manh, tdc
d6 di chuyén) trong qua trinh bao di chuyén
vao bd dugc thu thdp tai Trung tdm Dy bao khi
tuong thuy van Trung uong dé mod phong
truong gio, khi ap theo moé hinh bao giai tich.
Dé thuan tién cho phan tich co ché cua hién
tugng nudc dang sau khi bio d6 bo, md hinh
SuWAT tinh nuéc dang véi phuong an khong
xét tdi anh hudng cua thuy triéu.

CO CHE NUGC DANG SAU KHI BAO
KALMAEGI PO BQ

Hién twong nuéc ding sau bio Kalmaegi do
bo

Bao Kalmaegi c6 quy dao nhu trén hinh 1,
hinh thanh ngoéli khoi phia déng Philippines
vao trua ngay 12/9/2014 tr mot Vung ap thap
nhiét doi. Trong qua trinh di chuyén vé phia dat

3 100E 105€ 110E 15

lién Vigt Nam, cuong d6 bdo da c6 lac manh
trén cap 13. TAm bdo di vao ven bién Quang
Ninh khoang 21 gi¢ ngay 16/9, 1a luc thuy triéu
xuong thap nhét trong ngay va sau do tiép tuc
di sdu vao dat lién, suy yeu dan thanh ATND.
Bédo Kalmaegi gy ra gio manh cap 9 - 10, giat
cap 11 - 12 cho ven bién Quang Ninh va Hai
Phong. Vao sang va trua ngdy 17/9 tuc 1a sau
khoang 10 gio bdo dd, khu vuc ven bién Hai
Phong - Quang Ninh da xuat hién nudc bién
dang cao kém theo nhung con song cao tur 3 - 4
m gy ngdp lut mot s6 khu vue triing, nhu tai
thi tran D6 Son - Hai Phong (hinh 2). bay la
mot tinh huong kha bat ngo vi day khong phai
1a thoi diém thuy triéu cao nhat cia ndm. Trong
qua trinh bio di chuyén vao ving ven bo Viét
Nam, Trung tdm Dy bao khi tuong thuy vin
Trung uong thuong xuyén cép nhat cac ban tin
dy bao nudc dang do bao va canh bao nguy co
ngédp lut ving ven bd theo dung quy ché ban
hanh. Khu vuc dugc du bao c6 nudc dang cao
nhat 1a ven bo phia bic tinh Quang Ninh v6i do
cao khoang mot mét nén it co khd ning gy
ngdp lut vung do bao d6 bd vao thoi diém thuy
triéu xudng thip. Cong tac du bao nudc dang
do bao két thuc khi bao da d6 bo vao dat lién.
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Hinh 1. So db dudng di ctua bio Kalmaegi thang 9/2014
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Hinh 2. Song 16n va ngap lut ven b nuge dang bao két hop voi tridu cuong
tai D6 Son - Hai Phong sau khi bao Kalmaegi d6 bd [Nguon: Bao Piu tu [13]]

Trén hinh 3 1a dao dong myc nudc tong
cOng, thuy trleu va nude dang (muc nudce tong
cong-thuy tridu) tai Hon Dau (hinh 3a) va Hon
Ngu (hmh 3b). Nudc dang do bao Kalmaegi co
mot s6 diém khac thuong so voi nhu‘ng con bao
thong thuong 1a sau khoang 3 gio bdo dé bod

nudc dang moi dat trén 50 cm va thoi gian ton
tai nuGc dang kéo dai t¢i hon hon 12 gio. Tai
tram Hon Ngu, noi rat xa vi trf bdo d6 bo, cling
ghi nhan nudc dang xut hién sau khi bao do bd
6 gid va nude dang cao 0,5 m kéo dai trong 7
gio (hinh 3b).
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Hinh 3. Dao dong ctia muc nudce tong cong, thuy triéu va nudc 'dang sau bao
tai tram Hon Dau (a) va Hon Ngu (b) trudc va sau khi bao d6 b vao bo

Co ché gdy nuéc dang bao sau khi bao
Kalmaegy do bo

Pé xac dinh co ché giy nudc dang 16n sau
khi bdo Kalmaegi d6 bo vao dit 1ién, mo hinh
SuWAT duoc ap dung dé md phong nude dang
theo 2 phuong an: Sir dung truong gio, khi ap
tinh tir md hinh bio giai tich v6i cac tham s6
bdo (vi tri tam, khi 4p tai tam va ban kinh gié
manh nhét) dugc xac dinh tai Trung tdm Duy
bao khi tuong thiy van Trung wong va phuong
an st dung truong gidé va khi ap tor mo hinh

WRF, md hinh hién dang chay du bao nghiép
vu tai Trung tam.

Trén hinh 4a va hinh 4b 1a so sanh s liéu
van toc gio, khi &p trudc va sau bdo do bo
dugc tinh tr m6 hinh bao giai tich, mé hinh
WREF va sé liéu quan tric tai tram khi tuong
hai van Hon Dau. Két qua cho thiy co6 sy kha
tuong dong gitta tinh toan bang mo hinh WRF
va quan trac. Mo hinh bao giai tich cho sai s6
16n véi khi ap 16n hon, van tde gi6 nho va thoi
diém xuét hién van toc gi6 16n nhét sém hon

211



Nguyén Bd Thiy

so vé6i thuc té 1a do khong md ta duogc truong
gio, khi ap do gi6 mua Tay Nam hoat dong
manh sau khi bao d6 bo gay nén. Chinh do sai
s6 trong mo phong trudng giod, khi ap nén két

qua tinh toan nudc dang theo phuong an sir
dung mo6 hinh bao gidi tich trong bao
Kalmaegi di cho két qua khac biét rat 1on so
v6i thuc té nhu phan tich sau déy.
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Hinh 4. So sanh két qua tinh todn va s liéu quan tric tai tram khi twong hai van Hon Dau:
(a) ap sudt khi quyén va (b) van toc gi6 trong bio Kalmaegi

Trén hinh 5 1a so sanh ket qua tinh nudc
dang trong bao Kalmaegi voi s6 lidu quan tric
tai Hon Dau va Hon Ngu Trong do phuong an
tinh sir dung s6 liéu gio, khi ap tir mo hinh bao
glal tich cling duge so sanh tai Hon Dau. Két
qua cho thay truong hop str dung trucmg gio va
khi ap tir m6 hinh WRF cho két qua nudc dang
bdo kha twong dong ke ca bién d¢ va pha nudc
dang bio tai Hon Dau va Hon Ngu. Trong khi

d6, nuée dang tinh theo sb lidu gi6 va khi ap tur
md hinh bao glal thich cho ket qua thap hon
nhidu so v6i sd liéu quan tric tai Hon Dau.
Phuong an st dung truong glo va khi ap tr mo6
hinh béo giai tich cho két qua thién thap nudc
dang sau khi bdo d6 bd 1a do md hinh bio glal
tich khong mé phong duoc truong gio va khi ap
sau khi bdo dd d6 b vao b, nhu di phan tich
trén hinh 4.
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Hinh 5. So sanh nudce dang tinh toan vai s liéu quan tric tai tram Hon Dau (a)
va Hon Ngu (b) trong thoi gian bdo Kalmaegi anh hudng

bé lam sang té co gdy nudc dang sau bao

dugc ap dung la st dung truong gio, khi ap tu

Kalmaegi d6 bg, thém mot phuong an tinh  moé hinh WRF, nhung khong xét téi anh
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hudng ctia gié va khi ap sau khi bio da db bo,
tae la truong gio va khi ap gia dinh ¢ trang
thai thoi tiét binh thuong voi van toc gio gan
bang “0” va khi ap bang gia tri nén “1013”
(WRF-no wind, trén hinh 6a va hinh 6b). Muc
dich cua phuong an tinh nay nham danh gia
vai tro cua truong gio trude (front wind) va
sau (tail wind) khi bio d6 bo. Két qua tinh
nuéc dang theo phuong an nay duoc thé hién
trén hinh 6a va hinh 6b cho thay, tai Hon Dau,
d6 16n va thoi gian ton tai nude dang nho hon
khi khong sir dung truong gié sau khi bio do
bd. Trong khi d6 tai Hon Ngu muac do giam
ctia nudc ding 16n nhit nho hon so voi tai
Hon Dau. Nhu vay, ¢ thé thdy rang trudng
gi6 manh sau khi bio d6 b 1a nguyén nhan
gdy nudc dang sau bao tai Hon Dau. bé théy
16 co ché nay, két qua mo phong phan bd
truong g10 va nuédc dang tai mot sé thoi diém
dugc thé hién trén hinh 7a, 7b, 7¢ duogc phan
tich. Trong d6, v6i hinh 7a 1a tai thoi diém bao
dd bo, hinh 7b sau khi bao d6 bo 4 gio, hinh
7¢ sau khi bdo d6 bo 6 gid va sau 8 gid bao do
bo trén hinh 7d. C6 thé thiy rang, tai thoi
diém bio db bd muc nude & phia bic cua vinh
Bic Bo bit ddu ting, trong khi d6 khu vuc
phia nam vi tri bio d6 bd (Hon Dau va Hon
Ngu) muc nudc ¢ dudi myc nudce trung binh,
& phia bén phai bio d6 bo gid c6 hudng di vao
by, trong khi d6 gidé c6 hudng ra bién & bén
trdi bio dd bo. Sau khi bdo d6 bod 4 gid, muc
nudce phia bic vinh Bic Bo dang cao nhét, tai

Nghién citu co ché gay nude ding sau khi bdo...

Hon Dau va Hon Ngu bit dau dang. Sau khi
bdo d6 bd khoang 6 gid muc nudc tai Hon
Dau dang cao nhét (1,1 m) va sau 2 gio ké tiép
muc nude tai Hon Ngu dang cao nhét (0,63
m). Trong khoang thoi gian nay, gi6 luon doi
dan hudng theo xu thé hudng 1én phia bic va
vao bo. Nhu vay c6 thé thdy rang, truong gio
sau khi bdo d6 bd manh 1én va c6 hudng xoay
dan vao bd 1a nguyén nhin giy hién tuong
nudc bién dang cao va kéo dai sau khi bio da
di vao bo vai gio. Ngoai ra, nude ¢ phia bic
vinh Bic Bo sau khi dang cao di don xudng
phia nam cling 1a nguyén nhan gy hién tugng
nuéc dang sau bdo tai Hon Déu va Hon Ngu,
da duoc minh hoa trén hinh 8 tai thoi diém sau
khi bdo d6 bo 6 gid, & d6 dong chay c6 xu
huéng chay xudng phia nam do muc nudc
phia bic cao hon phia nam.

Két qua phén tich ¢ trén di dua ra mot sb
kinh nghiém trong cong tac canh bdo, du bdo
nudc dang do bao nhu sau: (1) Nude dang 16n
¢6 thé xuat hién ngay ca sau khi bdo d6 bo va
ton tai trong thoi gian dai khi gip hinh thé khi
tugng phu hop nhu ¢6 sy két hop cta hoan luu
sau gi6 bio va gié mua manh, kéo dai thoi
hudng vudng goc véi duong bo; (2) Mo hinh
bdo giai tich 12 phuong phap truyén théng dé
moé phong truong gid, khi ap s dung tinh toan
du bao nu6c dang trong bio trong modt sd
truong hop khong thé mé ta phu hop truong
gi6, khi ap, nhit 1a sau khi bdo tan va c6 hinh
thé khi tuong trdi khac xuat hién.
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Hinh 6. So sanh nudc dang tinh todn va quan trac tai Hon Déu (a) va Hon Ngu (b) trong bao

Kalmaegi theo phuong an xét ddy du trudng

gi6, khi ap va chi xét trude khi bao d6 bo
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Surge(m) Surge(m)
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Hinh 7. Phan b(”')otruc‘mg gi6 va nudce dang tai cac thoi diém; Bio d6 bd (a), sau khi bao
dd bo 4 gio (b), sau d6 b 6 gio (c) va sau do bd 8 gio (d)
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Hinh 8. Phan bd truong nudc dang va dong chay tai cac thoi diém sau khi bio do bo 4 gio
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Trong nghién ctu nay, co ché giy nudc
dang sau khi bao Kalmaegi d6 bo dugc phan
tich theo sb liéu quan trac va két qua md phong
ctia mo hinh s tri tich hgp SUWAT st dung
truong gi6é va khi ap tr mé hinh WRF va mo
hinh bio giai tich. Mot s6 két qua dugc tom tat
nhu sau:

Trong béo Kalmaegi, nuéc dang da Xudt
hién sau khi bao d6 bd voi dd cao 1€n to1 hon
mot mét, thoi gian ton tai nudc dang kéo dai
12 gio.

M6 hinh SuWAT cho két qua tinh nuéc
dang sau bdo Kalmaegi do bo khd twong dong
voi so ligu quan trac ké ca vé do cao va thoi
gian ton tai nude dang khi sir dung trudng gio,
khi &p tor md hinh WRF. Trong khi d6 véi
phuong an dung truong gio, khi dp tir mo hinh
bao giai tich cho két qua thip véi thuc té.

Truong gié manh sau bao 1a nguyén nhan
chinh gy hién tuong nudc dang sau khi bao
Kalmaegi do bd.

Loi cam on: Nghién ciru nay duge tai trg boi
Quy phat trién khoa hoc va cong ngh¢ qudc gia
(NAFOSTED) trong d& tai md s6 105.06-
2017.07 va Bo khoa hoc va cong nghé trong dé
tai ma s6 DPTTPL-CN.35/15. Tac gia xin chan
thanh cam on.
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THE MECHANISM OF AFTER-RUNNER STORM SURGE ALONG THE
NORTHERN COAST OF VIETNAM

Nguyen Ba Thuy
National Centre for Hydrometeorological Forecasting

ABSTRACT: In this study, the mechanism of sea level rise along the Northern coast of
Vietnam after the landfall of the Typhoon Kalmaegi (September/2014) at Quang Ninh province was
analyzed based on the observation data and the results of a coupled model of surge, wave and tide
(called SUWAT), by using asymmetric and symmetric wind and pressure fields. For the asymmetric
wind and pressure field, the Weather Research and Forecasting (WRF) model was used, while for
the symmetric wind and pressure field, a parametric wind and pressure model was used. In the case
using wind fields from the WRF model, the case that did not consider the effect of tail wind field
after the typhoon landfall was also conducted in order to assess the role of the wind field before and
after the typhoon landfall on the surge. The results showed that the case using wind and pressure
field from the WRF model showed better agreement with observation data, because the WRF
model well simulated the wind and pressure field before and after the typhoon landfall. The strong
tail wind mainly caused the high surge in the area. This research result will be useful in warning and
forecasting storm surges in the area.

Keywords: After-runner storm surge, SUWAT, WRF, Northern coast.
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