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Tém tit: Nghién ciru trinh bay két qua moé phong va danh gia truong dong chay khu vuc
vinh Béc B0 dya trén hé théng hoan luu dai duong (ROMS) va k¥ thuat d@)ng hoa 4D-VAR
tir ngudn s6 liéu Radar bién. Két qua mo phong trudong dong chay khu vuc Vinh Bic Bo cho
thdy: 1)Vao thoi ky gi6 mua dong bac thinh hanh, ton tai hé thdng dong chay thinh hanh ¢
van toc kha 16n (0,6 m/s) doc theo ven bo phia Tay di ra cira Vinh, ciing v6i d6 1a sy ton tai
cua xody nghich ¢ khu vuc cura Vinh va xody thuan tai khu vuc Nam Vinh Bic BO; 2)Vao
mua he, hé thong dong chay ven bién phia Tay di ra ctra Vinh van ton tai nhung c6 cudong do
nho hon (0,3 m/s), khéc véi thoi ky gi6 mua dong béc, chi khu vuc Nam Vinh Béc B0 xuét
hién xody thuan.

Twr khoa: 4D-VAR; Dong chay; Déng hoéa dit liéu; Radar bién; ROMS; Vinh Béc Bo.

1. Mé dau

Trén thé gidi da c6 nhiéu cong trinh nghién ctru vé truong dong chay vinh Bic Bo, trong
do, tap trung vao str dung phuong phap moé hinh héa da dua ra cac nhan dinh, danh gia. Cac
nghién ctru vé hoan luu vinh Bic Bo déu cho thiy trong thoi ky gié mua dong béc tao ra mot
dong chay vé huéng Nam & ting trén doc theo ven bd bién Viét Nam bu trir voi dong chay vé
huong béc & phia dong vinh doc theo ven bo ddo Hai Nam, tao nén mot xoay thuan trén toan
bd vinh [1-5].

Tai Viét Nam c6 nhiéu cong trinh nghién ctru truong dong chay vinh Bic B6 thong qua
cac dir licu dleu tra khao sat hodc bang mé phong biang mé hinh sb tri. Cac nghién ctru déu
dua ra mot s dic diém chinh cta hoan luu trong vinh Bic B0 1a su ton tai trong cad nam cua
dong chay ven b tiy vinh va sy hién dién ctia mot xody nghich trén ving bién phia Bic vinh
trong mua he [6-10]. Pé c6 duoc nhitng dir liéu tin cay trong viéc nghién ciru dong chay,
ngoai phuong phép diéu tra thyc dia va sir dung mé hinh sé tri, dong hoa dit lidu trong cac mo
hinh hai duong hoc dang dugc cac nha khoa hoc quan tadm trong thoi gian gan day. Céc
huéng chinh trong dong héa dir liéu bao gdbm phat trién cac ky thuat dong héa 3DVAR,
4DV AR va loc Kalman két hop véi mé hinh s tri dé c6 dugc cac truong tai phan tich cac yéu
t6 hai duong hoc sat voi thuce té nhat [11-1 6]

Thoi gian gan day, cung voi sy phat trién ctia khoa hoc cong ngh¢, ngay cang co nhiéu s6
liéu quan trac phi truyen thong nhu s6 li¢u tir v¢ tinh hay s0 li¢u tir cac tram Radar bién.
Nguon s0 liéu nay, néu duoc két hop vdi cac mo hinh so tri co thé lam tang do chinh xac cua
két qua mo phong.
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O Viét Nam, hé théng Radar bién dugc dau tu xay dung tir nam 2011. Dt liéu quan tric
tir hé théng Radar bién nay co truong dong chay 2 chiéu. Nghién ctru [17] dé thtr nghiém
dong hoa dir liéu quan tric dong chay tang mat tir hé théng Radar bién va truong nhiét do
nudce bién ting miat, do cao bé mat bién tir anh vé tinh dua trén so dd dong hoa bién phén 4
chiéu két hop (4D— VAR) trong m6 hinh thuy dong luc bién quy md khu vuc ROMS. Cac két
qua nghién ctru cho thay viéc dong hoa dir liéu gép phan lam tang do chinh xac trong mo
phong myuc nude va dong chay bé mit bién tai khu vuc Vinh Béc Bd.

Nghién ctru ndy str dung mé hinh quy mé khu vec ROMS sau khi dugc kiém nghiém véi
s6 liéu thuc do va ap dung k¥ thuat ddng hoa 4D-VAR trong d6 st dung s liéu dong chay
tang mat tir hé thong Radar bién dé mo phong, tai phan tich trudng dong chay ba chiéu khu
vuc vinh Béc B trong thoi gian 1 nim (ndm 2015). Tir d6, thuc hién danh gia va phén tich
truong dong chay dé dua ra cac nhan dinh vé dic diém cua birc tranh trudng dong chay tai
khu vye Vinh Bic B trong 2 mua gi6 dic trung 1a dong bac va tdy nam.

2. Phuwong phap nghién ctru va dir li€u sir dung

2.1. Hé thong mé hinh hoan luu dai dwong (ROMS)

ROMS 14 hé théng hoan luu dai dwong quy mé khu vuc duoc xay dung trén hé phuong
trinh xp xi thuy tinh Boussinesq. M6 hinh duoc xay dung véi toa do cong truc giao va ludi
sigma theo phuong thang dung cho phép ting d6 phan giai theo phuong ngang va phuong
thang dimng tai khu vire nudce nong, khu vyc c6 duong bo va dia hinh phire tap. Do céc tinh
ning dic biét trong giai phwong trinh dong luong va khuéch tan ciing nhu viée lya chon tham
s6 hoa cho giai cac bai toan x4o tron theo phuong ngang va phuong thang ding nén mac du
mo hinh ROMS duoc xdy dung cho cac bai toan mo phéng thiy dong luc tai khu vyuc ven
bién nhung ciing duoc dp dung tot & cac ving nudc sdu, quy mé luu vuc va toan cau. Co so 1y
thuyét ctia mo hinh c6 thé duoc tham khao trong tai liéu [18].

2.2. 86 liéu, dir liéu

Dir liéu dia hinh khu vuc vinh Bic B, khu vuc Bién Pong va 1an can duogc thu thap tir
ngudn s liéu tir cac ban dd dia hinh day bién bao gdm: 117 manh ban d6 ty 18 1:50.000, 143
manh ban db ti 1& 1:5.000 do cuc Po dac, Ban d6 va Thong tin dia 1y Viét Nam két hop véi sd
liéu ETOPO ctia NOAA v61 do phan gidi 1x1 phut [19].

S6 liéu nhiét d6 nude bién tang mit dugc phén tich tir nhidu ngudn anh vé tinh (MODIS,
Sentinel, AVHHR) ¢ d6 phan giai 1 km [20], s6 liéu cao do bé mat bién dugc phan tich tur vé
tinh TOPEX/JASON tur AVISO v61 d6 phan giai 0.125° [21-22]; s6 liéu dong chay tang mat
bién 1a s lidu tir hé thong Radar bién ctia Trung tim Hai vin, Tong cuc Bién va Hai dao Viét
Nam tir nam 2011 dén ndm 2020.

S liéu khi tuong vdi cac thong s6 vé ung sudt gid, thong lugng nhiét bé mat, birc xa mat
troi 1a san pham ctiia mo hinh ERA cia ECMWEF véi bude thoi gian 3 gid va d6 phan giai xap
xi 14 km [23]; s6 liéu dong chay, nhiét d6 va d6 mudi duoc thu thap tir HyCom véi budc thoi
gian 3 gid va d6 phan giai theo phuong ngang xap xi 9,2 km va 40 tang chuan theo d6 sau
[24]; di¥ ligu vé luu lugng nude song trung binh thang duoc thu thap tai cac tram thiy van cua
4 so6ng chinh bao gdm: P4 Bach va Song Cam; Vian Uc; Song Thai Binh; Song Hong tir ndm
2000 dén 2018.

2.3. Mién tinh, luédi tinh

Mo hinh ROMS dugc thiét 1ap dé tinh toan mé phong thiy dong luc voi 40 16p theo
phuong thang dung va do phan giai theo phuong ngang 1a 77 km cho toan khu vyc bién
Pong va chi tiét 2,3x2,3 km cho khu vuc ven bién Vinh Bic Bo (Hinh 1).
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Hinh 1. (a) Mién tinh khu vuc Bién Dong va (b) chi tiét cho khu vuc Vinh Bac Bd.

2.4. Biéu kién bién, diéu kién ban dau

Diéu kién ban dau va diéu kién bién 16ng phia bién duoc thu thap tir HyCom vé6i do phan
giai theo phuong ngang xap xi 9,2 km va 40 tang chuan theo d6 sau, diéu kién bién long trong
song luu lugng nudce song trung binh thang tai cac tram thuy van cua 4 song chinh, diéu kién
bién bé mit 14 sb liéu ing suit gio, thong luong nhiét bé mat, buc xa mat troi la san pham cia
mo hinh ERA cia ECMWF véi bude thoi gian 3 gid va d6 phan giai xap xi 14 km.

3. Két qua va thao luan

3.1. Kiém nghiém mé hinh

M6 hinh ROMS sau khi duoc déng hoéa, gié tri van dong chay dugc trich xuét tai 1 diém
& khu vuc ngoai khoi tram Radar Nghi Xuén dé so sanh. Két qua cho két qua mé phong bang
mo hinh ¢6 xu thé phit hop véi s6 liéu quan tric tir hé thdng Radar bién (Hinh 2). Ngoai ra,
danh gia do chinh xac cuia mo hinh thong qua sai sO trung binh (Bias) va sai s6 trung binh
quan phuong (RMSE) cho toan khu vyc ¢6 s6 liéu quan trac tir hé thong Radar blen Két qua
hi€u chinh cho thay, khu vyc ven bo tir nghi Nghi Xuén dén DPong Hoi c6 sai so trung binh
16n nhat tir—0,1 dén 0,1 m/s. Khi so sanh v6i van tdc cua timg tram cho thay sai s6 16n nhat 13
khu vuc ven b phia bic ctia tram Nghi Xuédn va khu vuc ngoai khoi & giita tram Nghi Xuan
va tram Dong Hoi (Hinh 3).

CODAR |

Van tSc dong chay (cm/s)

11/17/14 12/07/14 12/27/14 01/16/15— 02/05/15
— Thai gian

Thm gian
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Hinh 2. So sanh van toc dong chay gitta md phong bang mo hinh va so liéu quan trac tir Radar bién

tai diém ngoai khoi tram Nghi Xuén thang 12 ndm 2014: (a) Vi tri diém so sanh; (b) Thanh phan van

tbe u.
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Hinh 3. Sai s6 trung binh (BIAS) véan toc dong chay gitra mé hinh v&i s6 liéu quan tric dong chay ctia
timg tram radar bién: (a) Tram radar bién Nghi Xuan; (b) Tram Radar bién Ddng Héi.

Paénh gia cac chi sé BIAS gitra s6 liéu quan tric tir Radar bién va két qua mo phong trén
mit rong cho thay, véi thanh phan vén tdc u, chi s6 BIAS dao dong tir—0,05 dén 0,1 m/s, khu
vue ¢6 sai s6 16n nhat 1a ngoai khoi ving bién Nghi Xuan, trong khi véi thanh phan van téc v,
chi s6 BIAS dao dong tr 0 dén 0,1 m/s, khu vuc ¢ sai sb 16n nhét 1a ngoai khoi ving bién
Nghi Xuan (Hinh 4).
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Hinh 4. Sai s6 BIAS khi so sanh s liéu dong chay gitra m6 phong bang mé hinh va s liéu quan tric
tir Radar bién: (a) Thanh phan van téc u; (b) Thanh phin van téc v.

Paénh gia cac chi s6 RMSE giira s6 liéu quan tric tir Radar bién va két qua mo phong trén
mat rdng cho théy, v6i thanh phén van tbc u, chi s6 RMSE dao dong tir 0 dén 0,15 m/s, khu
vue ¢6 sai s6 16n nhat 1a ngoai khoi ving bién Nghi Xuan, trong khi véi thanh phan van téc v,
chi s6 RMSE dao dong tu 0 dén 0,25 m/s, khu vuc c6 sai s6 16n nhét 1a ngoai khoi ving bién
Nghi Xuan (Hinh 5).
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Hinh 5. Sai s6 RMSE khi so sanh s6 liéu dong chay giita mé phong bang mé hinh va sé liéu quan tric
tir Radar bién: (a) Thanh phan van téc u; (b) Thanh phan vén toc v.

Sau khi m6 hinh ROMS két hop v6i so dd dong hoa bién phan bon chiéu (4D—Var) két
qua tai phan tich truong dong chay tang mat so v4i so liéu quan tric tir hé thong Radar bién co
su phu hop hon khi so sanh véi sb liéu quan trac tir hé thong Radar bién thong quan hé tb
twrong quan (Hinh 6). Két qua danh gia dua trén hai chi sé BIAS va RMSE cho thy hiéu qua
cua viéc déng hoa dit li¢u da tang do chinh xac 1én 10 rét vé dinh luong. V6i cac danh gia trén,
Mo hinh ROMS dugc két hop véi so 6 dong hdéa 4D—Var duoc sir dung dé mé phong, phan
tich cac dic diém truong dong chay tai khu vuc Vinh Bic Bo.
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Hinh 6. Hé s tuong quan giita s6 liéu dong chay ting mit quan tric tir hé théng Radar bién véi sb
liéu tinh toan: (a) Chwa dong hoa; (b) Sau khi dong hoa.

3.2. Phan tich, danh gid truong dong chdy vinh Bic Bé

biéu kién bién khi tuong voi cac thong sb vé ung suét gi6, thong lugng nhiét bé mait, bt
xa mat troi 12 san pham tai phan tich cia mo6 hinh ERA cia ECMWF trong ndm 2015. Mo
hinh ROMS mé phéng cho ca nam va dugc liy trung binh cho timg thang dé phan tich, danh
gia cac dac trung truong dong chay tai khu vuc Vinh Bic Bo.

Trong thoi ky gi6 mua dong bac thinh hanh (thang 1), tai tang mat, khu vyc Vinh Bic Bo
ludn t6n tai mot hé théng dong chay c6 vén tdc kha 16n, khoang xap xi 0,6 m/s doc theo ven
bo bién phia Tay cta vinh Bic Bo vadira ngoai ctra vinh, nhdp vao dong hoan luu lanh phia
tay cia Bién Pong. Pay ciing 1a mot trong nhimg dic diém dién hinh ctia dong chay vinh Béc
B0 trong thoi ky gio mua déng bic twong tyr nhu cac nghién ctru trude day [25-31], cling nhur
quy dao troi cta phao duoc tha trong thang 2 nam 2017 (Hinh 7d). Tai khu vuc cira Vinh Bic
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B, tdn tai mot x04y nghich véi quy moé khong gian khoang 150 km véi van tbc khoang 0,3
m/s. Bén canh do, tai khu vuc gitra Vinh Bic B0, ton tai mot xoay thuan voi quy mo khong
gian khoang 200-250 km v6i van toc khoang 0,3 m/s (Hinh 7a).

Tai tang gitta (d0 sau 30 m), h¢ théng dong chay ven bo van ton tai nhung v6i quy mo
nho hon rat nhiéu va vén tdc dong chay tai khu vuc ven bo kha nhé (dudi 0,2 m/s). Tai khu
vuce ctra Vinh Béc B, ton tai mot xo0ay nghich véi quy mo khong gian nhu ddi véi tang mat
nhung v6i van tdc nho hon, khoang 0,1-0,15 m/s. Tai khu viuc Nam Vinh Béc B6, van ton tai
mot xody thuan nhung quy mé nho hon so véi ting mit, dudng kinh khoang 200.km va van
téc khoang 0,1-0,15 m/s (Hinh 7b).

Trong thoi ky gi6 mua tdy nam thinh hanh (thang 7), tai tang mit, cling glong nhu thoi ky
gi6 mua dong bac ludn ton tai mot hé thong dong chay ven bo theo hudng tir Bic xuéng Nam
nhung véi van tde nho hon (khoang 0,3 m/s) va pham vi xuat hién chi tir khu vuc ven bién tir
Ha Tinh d&én Pa Néng, dic diém nay phu hop voi nghién ciru cta [25] va duge minh ching
theo quy dao trdi clia phao duogc tha vao thang 7 nam 2017 [26]. Tai vi tri tAy ctra Vinh Béc
B0 hinh thanh hé théng dong chay manh véi van tbc khoang 0,6 m/s di chuyén vé phia nam
dao Hai Nam va men theo dao dé di 1én phia bic bién Pong. Ciing do hé thong dong chay
nay, tai ctra Vinh Bic Bo ton tai mot xoay nghich quy mo khong gian khoang 250 km véi van
tdc khoang 0,3-0,35 m/s (Hinh 8a).

Tai ting giita (d0 sau 30 m), khac voi tang mit, hé thong dong chdy ven bd thé hién
khong rd rang va van tbc dong chay tai khu vuc ven bo kha nho (dudi 0,1 m/s). Tuy nhién,
ciing gidng ting mat, tai vi tri tdy cira Vinh Bic Bo van ton tai hé théng dong chay nhung véi
quy mo nho hon tang mat, van tbc dong chay lon nhat khoang 0,3 m/s. Xoay nghich cta Vinh
Bic Boo tang nay ciing nhé hon so véi ting mit voi quy mé khong gian khoang 200 km véi
van toc khoang 0,2-0,25 m/s (Hinh 8b).
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Hinh 7. Truong dong chay trung binh thang 1 ving bién vinh Béc Bo: (a) Tang mat; (b) Tang 30 mét;
(c) Dong chay tang mit theo [25]; (d) Quy dao phao trdi thang 2 nam 2017 [26].
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Hinh 8. Trudng dong chay trung binh thang 7 ving bién vinh Bic Bo: (a) Tang mit; (b) Tang 30 mét;
(c) Dong chay tﬁng mat theo [27]; (d) Qu¥y dao phao trdi tha thang 7 nam 2017 [26].

4. Két luin

Mo hinh ROMS 14 cong cu dap tng dugc yéu cau trong viéc danh gia ché d6 dong chay
theo cac quy mo khac nhau. Két qua tai phan tich truong dong chay 3 chiéu v6i d6 phan giai
ngang (2,3%2,3 km) v6i 40 16p theo phuong thang dimg cho thay, khu vuc ven bién tir Thanh
Hoéa dén Da Nang ludn ton tai dong chay ven bd, tuy nhién van tdc va quy mé caa dong chay
phu thudc theo mua. Trong cac thang mua dong, hé thong dong chay nay dat van toc 16n nhat
khoang 0,6 m/s va pham vi mo rong 1én phia bac c6 thé t6i khu vuc ven bién Hai Phong.
Trong céac thang con lai dong chay ven bién bi thu hep vé pham vi chi con thé hién rd tir khu
vuc ven bién tir Ha Tinh dén Pa Néang va van tdc nho hon so véi cac thang mua dong va nho
nhat trong cac thang mua he, van tdc trung binh khoang 0,3 m/s.

Khu vuc ctra vinh Bic Bo ludn ton tai mot xody nghich, tim ctia xody nghich nay trong
cac thang gié mua dong bic bi dy lui vao khu vuc nira phia nam vinh va c6 quy mé khong
gian khoang 150 km, vén tc khoang 0,3 m/s. Trong cac thang gié mua tdy nam, tim cia
xoday nghich ndy bi ddy ra bién ngoai cira vinh, quy mo khong gian 250 km véi véan tde
khoang 0,3-0,35 m/s.

Khu vuc gitra Vinh Bic Bo ton tai mot xo04ay thuan, hoat dong ctia xoat thuan nay cling
thay d6i theo cac mua gié trong nim. Trong gié mua dong bic, xody thuan nay co quy md
16n, duong kinh khoang 200-250 km, van téc dong chay khoang 0,3 m/s. Trong gio mua tay
nam, quy mod cua xody thudn nay gidm manh, duong kinh khoang 150 km va tdm cta xoat
thuan c6 xu thé dich chuyén 1én phia bic vinh Béc B6.

Pong gop caa tac gia: Xay dung y tuong nghién cou: N.T.T., T.H.L.; Lua chon phuong
phap nghién ctru: N.T.T., T.H.L., TM.C., N.N.T.; Xu ly sb lidu: L.Q.H., N.A.N.; M6 hinh
héa: T.M.C.; V.T.T., Phan tich két qua: N.T.T.; Chinh stra bai bao: N.T.T., T.H.L.
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Loi cdm on: Nghién ctru nay dugce thyc hién dudi sy giap do, hd tro cua Dé tai cép bo Mi s6
TNMT.2021.02.02.

Loi cam doan: Tép thé tac gia cam doan bai bio nay 1a cong trinh nghién ctru cua tap thé tac
gid, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhirng nghién ctru trudce day; khong cod
su tranh chap lgi ich trong nhom tac gia.

Tai liéu tham khao

l.
2.

10.

11.

12.

13.

14.

Xu, X.; Qui, Z.; Chen, H. Summary of the horizontal circumcurrent, 1980.

Zhuang, M. et al. The winds, waves and currents in the northern South China Sea (in
Chinese with English abstract). Report of the Team of Comprehensive Research,
Headquarters of South China Sea Geology Investigation, Department of Geology,
Guangzhou, 1981.

Yu, M.G.; Liu, J.Z. Current system and circulation pattern in the South China Sea.
Marine Forecasts 1993, B10(2), 13—17.

Yuan, S.; Deng, J. A numerical study on circulation in the Beibu Gulf (in Chinese
with English abstract). Deep-Sea Res. 11999, B12(2), 41-46.

Shaw, P.T.; Chao, S.Y. Surface circulation in the South China Sea. Deep-Sea Res. 1
1994, B40(11/12), 1663—1683.

Huong, H.T. Bién dong c4u trac hoan luu Vinh Bic Bo. Tt ap chi khoa hoc Pai hoc
Quéc gia Ha Ngi 2013, 29(1S), 80-88.

Chung, T.V.; Long, B.H. M6t s6 két qua tinh toan dong chay trong vinh Bic B bang
m6 hinh ba chiéu phi tuyén. Tap chi Khoa hoc va Céng nghé Bién 2015, 15(4), 320
333.

Mau, L.D.; Thinh, N.D.; Tuan, N.V_; Cong, N.C.; Hoan, P.S.; HG1, N.T.T.; Anh,
V.T.; Dung, N.T.T. Pic diém dong chay ven by Bac Trung Bo thoi ky 4/2016. Tap
chi Khoa hoc Cong nghé bién 2017, 4(T.17), 7-15.

Cuong, T.M.; Cuong, N.K. Ché do dong chay tﬁng mit khu vucVinh Bic Bo dyua
trén sd liéu thu thap béng radar bién, T. ap chi Khoa hoc PHQGHN — Cac Khoa hoc
Trdi dat va Moi trwong 2016, 32(3S), 26-33.

Cuong, T.M.; Alexei, S.; Cuong, N.K. Seasonal variability of surface currents in the
Gulf Of Tonkin derived from HF radar observations. Proceedings of International
Geoscience and Remote Sensing Symposium (IGARSS) 2021, 12—14.

Kai, H. Christensen. Assimilation of HF radar total current vectors in an idealised
version of ROMS—4DVAR. Int. MET report Oceanography, 2013, No. 24/2013.
Ganesh, G. Surface current observation using high frequency radar and its
assimilation into the New York harbor observing and prediction system. Dissertation
Submitted to the Faculty of the Stevens Institute of Technology in partial fulfillment
of the requirements for the degree of Doctor of Philosophy 2008.

Yu, P.; Alexander, L.K.; Gary, D.E.; John, S.A.; Michael, P.K. Variational
assimilation of HF radar surface currents in a coastal ocean model off Oregon. Ocean
Modell. 2012, 4950, 86—104.

Taekyun, K. 4DVAR data Assimilation with the Regional Ocean Modeling System
(ROMS): Impact on the Water Mass Distributions in the Yellow Sea. Ocean Sci. J.
2018, 53, 165-178.



Tap chi Khi twong Thiy van 2021, 732, 28-37; doi:10.36335/VNJHM.2021(732).28-37 36

15.

16.

17.

18.

19.

20.

21.
22.
23.
24.
25.
26.
27.
28.

29.

30.

31.

32.

33.

Oyvind, B. Real time assimilation of HF radar currents into a coastal ocean model. J.
Mar. Syst. 2001, 28(3—4), 161-182.

Thanh, N.T. Nghién ctru tng dung phuong phap dong hoa sb liéu phuc vu mé hinh
du bdo song. Ludn an tién sy, Truong dai hoc Khoa hoc Ty nhién Ha Noi, 2020.
Trang, N.T.; Huén, P.V.; Cuong, T.M.; Thanh, V.T.; Hai, L.Q. Nghién ctru d@)ng hoa
dir liéu quan tric tir radar bién va anh vién tham trong mé hinh thay dong luc bién
quy mo khu vue ROMS. Tap chi Khoa hoc Bién doi khi hdu 2021, 18(6), 35-44.
Technical Manual for a Coupled Sea—Ice/Ocean Circulation Model (Version 5).
OCS Study BOEM 2016-037, U.S. Department of the InteriorBureau of Ocean
Energy ManagementAlaska OCS RegionAnchorage, AlaskaCooperative Agreement
No. M15ACO00011.

Daget, N.; Weaver, A.T.; Balmaseda, M.A. Ensemble estimation of backgrounderror
variances in a three—dimensional variational data assimilation system for the global
ocean. Q. J. R. Meteorolog. Soc. 2009, 135, 1071-1094.

Andrew, M.M.; Hernan, G.A.; Gregoire, B.; Brian, S.P.; Anthony, T.W.; Zavala—
Garay, J. The Regional Ocean Modeling System (ROMS) 4—dimensional variational
data assimilation systems. Prog. Oceanogr. 2011, 91(1), 34-49.
https://www.ngdc.noaa.gov/mgg/global/
https://oceancolor.gsfc.nasa.gov/
https://resources.marine.copernicus.eu
https://www.aviso.altimetry.fr
https://www.ecmwf.int/en/forecasts/datasets
https://www.hycom.org/dataserver
Huong, H.T. Nghién ctru ché d¢ thiy van va hoan luu vinh bac bo. Luan an Tién sy,
Truong dai hoc Khoa hoc Ty nhién Ha ndi, 2017.

Uu, B.V. Nghién ctru cdu tric ba chiéu (3D) thily nhiét dong luc hoc Bién Pong va
mg dung ctia chiing. Bao cdo tong két dé tai KHCN-06-02, 2000.

Trung tdm Hai van. Bdo cdo Khoa hoc Kkét qué thuc hién du an hop tac Vit — My:
Diéu tra, nghién ctru ing dung cac mé hinh hai duong hoc dé hidu chinh s liéu radar
bién (Radar HF) va dy bao song, dong chay & Bién Dong va viing bién phia Tay Vinh
Bic By, 2016, 2017, 2018.

Cuong, T.M.; Alexei, S.; Cuong, N.K. Multi—scale variability of circulation in the
Gulf of Tonkin from remote sensing of surface currents by High—Frequency radars.
Ocean Dyn. 2021, 71, 175-194.

Uu, B.V.; Cuong, N.K.; Huong, H.T.; Minh, N.N. Nghién ctru anh huéng cta bién
d6i khi hau Ién trudng dong chay 16p mit Bién Dong. Tap chi PHOG HN: Khoa hoc

Tw nhién va cong nghé 2015, 31(3S), 269.

Nha xuat ban Tai nguyén - Mdi truong va Ban d6 Viét Nam. Atlas Qudc gia Viét
Nam, Ha Noi, 1999.
Manh, D.V.; Yanagi, T. A study on residual flow in the Gulf of Tongking. J.

Oceanogr. 2000, 56, 59—-68.



Tap chi Khi twong Thiy van 2021, 732, 28-37; doi:10.36335/VNJHM.2021(732).28-37 37

Using Regional Ocean Modelling System (ROMS) to reproduce
flow field in Tonkin Gulf
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Abstract: This paper presents the characteristics of flow field in Tonkin Gulf assimilated
by Regional Ocean Modelling System (ROMS) and 4-dimensional variational data
assimilation (4D—Var) for observational radar HF data. The reproduction has revealed that
there are a strong current system (0.6 m/s) along the western coast to the mouth of Tonkin
Gulf and a pair of anticyclone (at the Tonkin Gulf’s mouth) and cyclone (at southern of
Tonkin Gulf’s mouth) during the prevailing Northeast monsoon; In summer, flow field
along western coast to the mouth still exists but less powerful (0.3 m/s) beside the survival
of cyclone at southern of Tonkin Gulf’s mouth.

Keywords: 4D—VAR; Current; Assimilation data; Radar HF; ROMS; Tonkin Gulf.



