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Tém tit: Nghién ciru nay tap trung vao viéc tinh toan, danh gia xu thé bién doi do cao va
chu ky song c6 nghia tai 05 diém dai dién trén vinh Bic B, cach bo bién Viét Nam khoang
24 hai 1y (44 km). Viéc tinh toan xu thé dugc dua trén cac két qua tinh toan truong song
trong 20 ndm (2000-2019) ¢ khu vyc Vinh Bic Bo bang md hinh SWAN sau khi da kiém
dinh véi s6 liéu quan tric. Cac két qua tinh toan tai 05 diém nay cho thiy cac yéu té song
déu c6 xu hudng gia ting, trong d6 d cao song c6 nghia cuc dai trung binh cac thang trong
nam gia ting trong khoang tir 0,0026 m/nam dén 0,0285 m/nim, d6 cao séng co nghia trung
binh nam gia tang trong khoang tir 0,0004 m/ndm dén 0,0046 m/ndm, chu ky song c6 nghia
trung binh nim gia ting trong khoang tir 0,0003 s/ndm dén 0,0176 s/nam.

Tir khoa: M6 hinh SWAN; Xu thé bién ddi do cao va chu ky séng; Vinh Bic Bo.

1. Mé dau

Céc yéu t6 hai vin ndi chung va séng bién noi riéng c6 tic dong manh dén céc cong trinh
trén va ven bién, cac phuong tién giao théng duong bién, cac hoat dong kinh té trén bién.
Chinh vi vay tir 1au song bién da dugc nghién ciru trén nhiéu phuong dién khac nhau. Viée
phan tich, danh gia xu thé bién di cac yéu tb song da duoc nghién ciru ¢ nhiéu noi trén thé
gioi. Tir nam 1970, Waldel da tap trung vao viéc phan tich su thay doi ctia ché do song khi
hau & Bic Pai Tay Duong, thong qua s6 lidu do cao song cua 09 tram do tir nam 1950-1967,
[1] cho rang c6 sy thay ddi dang ké vé do cao song trung binh gitta cic nam. Trong nhing
nim tiép theo, ciing c6 nhidu nghién ciru tap trung vao viéc danh gia xu thé thay ddi do cao
song, cac két qua nghién ctru cho thay xu thé tang ddi véi ca do cao song trung binh va do
cao song cuc tri & hau hét cac dai duong trén thé gisi [2-9].

O Bién Pong, ciing c6 mot sd nghién ciru ddi véi xu thé bién doi d6 cao song cd nghia,
trong d6 ¢ khu vuc gitra Bién Dong do cao song Hs90 co tde do ting trung binh khoang 0,011
m/nam, d¢ cao séng cé nghia trung binh co xu thé ting trung binh khoang 0,0152m/nam giai
doan 1988 dén 2011 [10-12].

O Viét Nam, viéc nghién ctru tinh toan du bao song ciing da duoc quan tim nghién ctru,
dic biét 1a viéc ap dung mo hinh SWAN trong cac tinh toan ¢ khu vuc Bién Dong [13-14].
Viéc nang cao d9 chinh xac cia mo6 hinh thong qua viéc ap dung céc cong cu hién dai nhu
viéc hiéu chinh mé hinh tw déng [15], hay ap dung dong hoa sb liéu ciing da duoc quan tAm
nghién ctru [16—18]. Tuy nhién, viéc danh gia xu thé bién d6i do cao song & khu vuc ven bo
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Viét Nam ndi chung va khu vuc Vinh Bic B6 noi riéng van chua duoc quan tm dang mirc.
Vi vay, nghién ciru ndy tién hanh mé phong truong song 6 khu vyc Vinh Bic B trong 20
nam (2000-2019) va trich ra cac diém & ving ven bién Viét Nam nham danh gia xu thé bién
dong ctia do cao song tir d6 thiy duogc tac dong cua bién doi khi hau téi khu vuc nay.

2. Phuwong phap va s6 liéu tinh toin

2.1. M6 hinh song va so liéu dau vao

Nghién ciru sir dung mo hinh tinh séng SWAN phién ban 41.10 dé tinh toan mo phong
truong song Day 12 m6 hinh tinh toan song thé hé ba [19], tinh toan pho song hai chiéu bang
cach giai phuong trinh can bang tac dong song co tinh téi sy lan truyén song tir ving nuge
sau vao Vung nudc nong ven bd, dong thoi trao doi nang lugng véi gio thong qua ham ngudn
cung voi sy ti€u tan nang lugng song [20-21]. Trong mo6 hinh SWAN céc song duge mo ta
bang phd mat do tac dong song hai chiéu. Phuong trinh can bang phd mat do tac dong co ban
duogc sir dung trong nhirng diéu kién phi tuyén cao. Trong mé hinh SWAN phd mét dé tac
dong N(o,0) duge chii y hon boi vi, khi 6 mat dong chdy mat do tac dong duoc bao toan
trong khi phd mat d6 nang lu’O’ng thi khong [22]. Cac bién doc lap la tan s0 ¢ va hudng song
6. Mat d6 tac dong dugc tinh bang mat d¢ nang lugng chia cho tan sb.

Dia hinh 14 yéu t6 quan trong bac nhit ctia mé hinh thuy dong luc néi chung va tinh toan
song noi riéng. Do chinh xac cia mé hinh phuy thude rat 16n vao sé liéu dia hinh, dic biét la
ving ven bo. Chinh vi vay viéc thu thap va xir 1y s6 liéu dia hinh dong vai tro quan trong, dé
dam bao do chinh xac cia dia hinh, nhém nghién ciru tién hanh thu thap cac loai s liéu bao
bdm: Do sau va duong bo trén toan Bién Dong dugc thu thap tir nguén s0 lieu ETOPO ctia
NOAA [23] va cac s0 li€u dia hinh chi tlet tai khu vuc gan bo cua cac dot diéu tra khao sat
bién trong ving nghién ctru [24]. Tir cac s6 lidu dia hinh nay nghién ctru st dung phan mém
ADCIRC ctia SMS phién ban 10.0 [25] dé tao lu6i tinh phi cdu trac v6i bude ludi & khu vuc
gan bo 14 3km va thua dan ra ngoai khoi, tong s6 6 ludi 1a 5.365. C6 2 bién 1ong 14 bién ctra
Vinh Béc B6 (1) va eo bién Quynh Chau (2). Pham vi, ludi tinh va dia hinh ciia mé hinh thé
hién trén hinh la—1b.
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Hinh 1. Pham vi (a), ludi tinh va dia hinh (b) cho m6 hinh tai khu vuc nghién cuu.
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S liéu bién trén mat: 1 truong giod tai phén tich toan cau CFSv2 cua Trung tim Dy bao
Maéi truong Quéc Gia My (NCEP) [26-27]. S4 liéu tai cac bién m& (bién 1-2): 1a d cao, chu
ky va huéng song duoc trich ra tir s6 liéu song tai phén tich toan cau cia ECMWF [2 8].

Trong nghién clru nay, s6 liéu quan tric tai tram BB1 va BB2 dugc sir dung dé hiéu
chinh va kiém dinh mé hinh. Tai tram BB1 do vao 02 dot, trong dé dot 1: tir 0 gio ngay
18/6/2019 dén 23 gior 24/6/2019 voi tong sb 168 s6 liu, 01 sb 1idu/01 gio; dot 2: tir 19 gid
ngay 3/11/2019 d&én 19 gio 10/11/2019 véi tong sb 336 sb liu, 01 s6 1iéu/0,5 gio. Tai tram
BB2 do vio 02 dot, trong d6 dot 1: tir 0 gid ngay 6/8/2019 dén 23 gio 12/8/2019 véi tong s6
168 56 lidu, 01 s6 liéu/01 gio; dot 2: tir 13 gio ngay 12/11/2019 dén 13 gid 30 phat 19/11/2019
v6i tong s6 337 s6 lidu, 01 s 1iéu/0,5 gio [29].

2.2. Panh gid sai s6

Trudce khi tién hanh tinh toan mé phdéng, md hinh SWAN da dugc hiéu chinh va kiém
dinh thong qua danh gia sai so céc sai so sau:

- Sai s6 trung binh (ME)
Cong thure tinh sai s6 trung binh (ME — Mean Error) c¢6 dang nhu sau:
ME = =¥k, (for(i) — obs(i)) (1)

Trong d6 obs (i) la gia tri quan trac tai thoi diém i, for (1) la gia tri du bao twong ung tai
thoi diém i, va k 1a s lugng cac gia tri quan trac trong chudi quan tric. Gia tri cia ME nam
trong khoang (-0, +o0). ME cho biét xu huéng 1éch trung binh cua gia tri du bao so voi gia
tri quan trac, nhung khong phan anh d¢ 16n cua sai s0. ME duong cho biét gié tri du bao thién
cao so v4i gia tri quan tric va nguoc lai. M6 hinh dugc xem 13 “hoan hao” (khong thién 1éch
vé mot phia nao ca) néu ME=0.

- Sai s6 tuyét doi trung binh (MAE)

Cong thrc tinh sai s tuyét dbi trung binh (MAE—Mean Absolute Error) c6 dang nhu sau:

MAE = —Z _,|for(i) — obs(i)| )

Trong d6 | | 1a viét tat cua ham tri tuyét d6i. Gia tri MAE nam trong khoang (0,+0).
MAE biéu thi bién d6 trung binh ctia sai sé mé hinh nhung khong néi 1én xu hudng léch cua
gia tri du bao va quan tric. Khi MAE = 0, gia tri ciia mé hinh hoan toan tring khép voi gia
tri quan trac, md hinh dugc xem 14 “Iy twong”. Thong thuong MAE duoc sir dung cling véi
ME dé danh gia do tin cay. Chéng han, néu MAE cua san phém khéc biét hian so véi ME thi
viéc hi¢u chinh 13 hét sitc mao hiém. Trong trudng hop nguoc lai, khi ma MAE va ME tuong
dbi “sat” voi nhau thi c6 thé dung ME dé hiéu chinh san pham du bao mot cach dang tin cay.

- Sai s6 trung binh quan phuong (RMSE)

Cong thtre tinh sai s6 binh phuong trung binh quan phuong (RMSE — Root Mean Square
Error) c6 dang nhu sau:

RMSE = \/i Y (for(i) — obs(i))2 3)

Sai sb trung binh quan phuong 1a mot trong nhiing dai luong co ban va thuong duoc sir
dung phd bién cho viéc danh gia két qua ctia mo hinh du béo s tri. Nguoi ta thuong hay su
dung dai luong sai s6 trung binh quan phuong (RMSE) biéu thi d6 16n trung binh cua sai sb.
RMSE rat nhay voi nhiing gia tri sai s6 16n. RMSE khong chi ra d¢ 1éch gitra gia tri du bao
va gid tri quan tric. Gia tri cia RMSE ndm trong khoang (0,+ ).

2.3. Phuong phdp xdc dinh xu thé

Bién thién theo thoi gian cua do cao soéng duge xac dinh theo phwong phéap phan tich xu
thé (phan tich trend) [30]. Mdi quan hé giita d6 cao song va thoi gian duoc xac dinh thong
qua phuong trinh hdi quy tuyén tinh dang:

y=ax+Db 4)
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3. Két qua va thio ludn

3.1. Két qua hiéu chinh va kiém dinh mé hinh

C6 rat nhidu tham sb ¢6 thé dugce dua vao dé hiéu chinh mo hinh SWAN, trong nghién
ctru ndy chi tip trung vao cac tham sé ddi v6i song nudc sau d6 1a cac tham sd: CDS2 — tbc
do tiéu tan song do song bac dau; powst — ti 18 giita do dbc phd song thong thuong voi do
dbc pho song Pierson—Moskowitz; powk — ti 1¢ gitra ) song thong thuong voi s6 song trung
binh va tham s6 cutfr — ti 1& giita tan sé séng cuc dai va tan s6 song trung binh [15].

3.1.1. Hiéu chinh mo hinh

Nghién ctru str dung cac chudi s liéu do dac dot 1 tai tram BB1 va BB2 [29] dé hiéu
chinh mé hinh. So sanh gitra két qua tinh toan va thyc do tai cac vi tri quan tric thé hién trén
hinh 2 va 3 cho thiy dbi voi ca do cao va chu ky song duong bién trinh déu kha trung nhau
ca vé pha 1an d06 16n. Tai mot s6 thoi diém do cao song c6 xu hudng cao hon do cao soéng
thyc do déc bit la vao nhimg giai doan gié mua tdy nam tang cuong, tai mot s6 thoi diém do
cao song tinh toan lai thap hon do cao song thue do. Tuong tw, ddi v6i chu ky song ciing c6
dién bién gan gidng so véi d6 cao song.
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Hinh 2. So sanh d6 cao song tinh toan va thuc do dot 1: a) tram BB1; b) tram BB2.
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Hinh 3. So sanh chu ky séng tinh toan va thyc do dot 1: a) tram BB1; b) tram BB2.
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Dé danh gid sai sb giita két qua tinh toan va thyc do, cac sai s6 ME (cong thirc 1), MAE
(cong thirc 2), RMSE (cong thirc 3) dugc sir dung. Két qua trong bang 1 cho thay, ddi véi sai
s6 ME d9 cao song tinh toan c6 xu hudng thién cao, tuy nhién mic thién léch kha nho chi
0,04m ddi v6i tram BB1 va 0,01m d6i véi tram BB2. Chu ky song ¢6 xu huéng thién thap
tai tram BB1 va thién cao tai tram BB2 véi cac gia tri tuong ung 1a —0,02s va 0,25s. Tuong
tu v6i sai s6 MAE, céac két qua cho thay bién do trung binh ciia sai s giira tinh toan va thuc
do cua do cao soéng 1a 0,13m va 0,04m, chu ky 1a 0,28s va 0,35s, twong ng tai tram BB1 va
tram BB2. Sai s6 RMSE lai thé hién d6 16n trung binh ctia sai sb giita tinh toan va thuc do
va cho cdc gia tri tuong tng cua do cao séng 1a 0,16m va 0,05m, chu ky song 1a 0,35s va
0,41s tuong Ung tai tram BB1 va tram BB2. C6 thé thdy, sai s giita tinh toan va quan trac
d6 cao va chu ky song kha nho va chip nhan dugc.

Bang 1. Sai ) gitta tinh toan va thyc do tai cac tram quan tric khi hiéu chinh.

L Tram BB1 Tram BB2
Sai 50 Do cao séng (m) Chu ky song (s) Do cao song (m) Chu ky song (s)
ME 0,04 0,02 0,01 0,25
MAE 0,13 0,28 0,04 0,35
RMSE 0,16 0,35 0,05 0,41

3.1.2. Kiém dinh mo hinh

Nghién ciru sir dung cac chudi s6 liéu do dac dot 2 tai tram BB1 va BB2 [29] dé kiém
dinh mé hinh. So sanh dién bién d6 cao, chu ky song tinh toan va thuc do thé hién trén hinh
4 va 5, twong tmg. Két qua cho thdy, mic du c6 nhiéu thoi diém do cao va chu ky song tinh
toan con thién thap va thién cao so véi thuc do, nhung nhin chung xu thé tuong ddi phii hop
ca vé pha va do lon.
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Hinh 4. So sanh d6 cao song tinh toan va thyc do dot 1: a) tram BB1; b) tram BB2.
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Hinh 5. So sanh chu ky song tinh toan va thyc do dot 1: a) tram BB1; b) tram BB2.
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Ciing tuong ty nhu hi¢u chinh mo6 hinh, kiém dinh m6 hinh cling sir dung céc sai s6 ME,
MAE, RMSE d¢ danh gia sai s6 giita két qua tinh toan va thuyc do. Két qua kiém dinh trong
bang 2 cho thay, dbi voi sai s6 ME d6 cao song tinh toan c6 xu hudng thién thap, tuy nhién
mtrc thién 1éch kha nho chi —0,02 m déi v6i tram BB1 va —0,04 m ddi véi tram BB2. Chu ky
song c6 xu hudng thién cao tai ca tram BB1 va tram BB2 véi gia tri déu 13 0,07s. Tuong tu
v6i sai s MAE, cac két qua cho thay bién do trung binh cia sai s giita tinh toan va thyc do
cua do cao song 1a 0,06 m va 0,08 m, chu ky 1a 0,31s va 0,18s twong ng tai tram BB1 va
tram BB2. Sai s6 RMSE lai thé hién d6 16n trung binh ctia sai sb giita tinh toan va thuc do
va cho cdc gia tri tuong tng cua do cao song la 0,08m va 0,11m, chu ky séng 1a 0,38s va
0,24s tuong tmg tai tram BB1 va tram BB2. Nhu vay, c6 thé thiy sai s6 giita tinh toan va
thuc do ctia d6 cao va chu ky song khi kiém dinh ciing kha nho va chap nhan dugc.

Bang 2. Sai sb giita tinh toan va thuc do tai cic tram quan tric khi kiém dinh.

. X Tram BB1 Tram BB2
Sai s0 Do cao séng (m) Chu ky song (s) Do cao song (m) Chu ky soéng (s)
ME 0,02 0,07 0,04 0,07
MAE 0,06 0,31 0,08 0,18
RMSE 0,08 0,38 0,11 0,24

Qua hi¢u chinh va kiém dinh mo6 hinh ¢ trén c6 thé thay, sai so ciia md hinh l1a chap nhan
dugc va bg thong so sau khi hi¢u chinh s€ str dung dé tinh todn cac tham s song trong muc
3.2 dudi day.

3.2. Két qua tinh todn xu thé

Vi cac két qua hi¢u chinh va kiém dinh mo hinh & trén, nghién ctu st dung cac tham
s6 da lya chon duoc tién hanh tinh toan trudng song trong 20 nim tir 00 gio ngay 01/01/2000
dén 23 gio ngay 31/12/2019 bang md hinh SWAN véi bude trich xuat két qua 1a 01 s 1iéu/01
gio tai tat ca cac diém ludi cua mo hinh. Pé danh gid xu thé bién dong truong song ¢ vung
bién ven b Viét nam trong Vinh Bic Bo, nghién cuu lya chon 05 diém dé trich két qua va
tinh toan thong ké d6i v6i do cao song co nghia Hs va chu ky song co nghia Ts, cac két qua
théng ké duoc thé hién nhu sau:

a) Xu thé bién dong do cao song cd nghia cuc dai trung binh cic thang trong nam
(Hsmax)

Céc két qua tinh toan dugc thé hién trong hinh 6 cho théy Hsmax tai tit ca cac diém déu
c6 xu hudng tang voi muire do tang trung binh tai tat ca cac diém 13 0,0146 m/nam. Trong do,
diém c6 muc do gia tang 16n nhét 1a diém MO3, véi gia tri gia ting 1a 0,0285 m/nidm, diém
nay nam & ngoai khoi ving bién Sim Son, Thanh Hoa. Diém c6 murc d6 gia ting nho nhat 1a
diém MO5, véi gi tri gia ting 1 0,0026 m/niam, diém nay nam & gan dao Con Co thudc ngoai
khoi tinh Quang Tri. Nhu vdy, c6 thé thiy xu thé bién ddi do cao song c6 nghia cuc dai trung
binh céc thang trong nim & ving bién niy c6 hudng gia ting c6 thé do tic dong ciia bién doi
khi hau.

b) Xu thé bién dong d6 cao song c6 nghia trung binh nam (Hstb)

Cac két qua tinh toan dbi Hstb trong hinh 7 ciing tuong tu nhu véi Hsmax, trong d6 tai
tat ca cac diém Hstb déu c6 xu hudng ting v6i muc do ting trung binh tai tit ca cac diém 1a
0,0022 m/ndm. Trong d6, diém c6 murc do gia ting 16n nhat 1a diém MO03, véi gia tri gia ting
14 0,0046 m/nam, diém nay nim & ngoai khoi viing bién Sam Son, tinh Thanh Héa. Diém ¢
mirc d gia ting nho nhat 1a diém MO35, véi gia tri gia ting 1a 0,0004 m/nam, diém nay nam
& gan dao Con Co, tinh Quang Tri. Nhu vy, tic dong ctia bién ddi khi hau c6 thé 1a nguyén
nhan 1am cho d6 cao séng c6 nghia trung binh nim & ving bién nay c6 xu hudng gia ting.
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¢) Xu thé bién dong chu ky song c6 nghia trung binh nam (Tstb)

Céc két qua tinh toan dbi Tstb trong hinh 8 cho thay tai tt ca cac diém déu co xu hudng
tang voi mire d6 tang trung binh tai tat ca cac diém 1a 0,0059 s/nam. Trong do, dlem c6 mirc
d6 gia ting 16n nhét 1a diém MO1, v6i gia tri gia ting 13 0,0176 s/ndm, diém nay nim & ngoai
khoi viing bién tinh Quang Ninh. Piém c6 mirc d6 gia ting nho nhat 1a diém MO03, véi gia tri
gia ting 1 0,0003 s/nim, diém nay nam & ving bién Sdm Son, tinh Thanh Hoéa. Nhu vy, c6
thé thay tac dong cta bién ddi khi hau c6 thé 1a nguyén nhan lam thay d6i chu ky séng co

nghia trung binh ndm & vung bién nay.
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4. Két luan

Viéc hiéu chinh va kiém dinh mé hinh duge thuc hién tai 02 vi tri v6i 02 chudi s liéu
doc 1ap va dugc danh gia thong qua cac chi s6 ME, MAE, RMSE va duéi dang biéu d6. Cac
két qua so sanh hiéu chinh va kiém dinh tai tram do BB1 va BB2 ¢ khu vuc Vinh Bac Bo cho
thiy cac tham sd lya chon 1& phtt hop va mé hinh tinh toan du d6 tin cay dé ap dung vao mo
phong cac yéu té song trong khu vuc.

Thong qua két qua tinh toan truong song trong 20 nam tir nam 2000 dén nim 2019 trén
khu vuc vinh Bic Bo va két qua phén tich tai 05 diém dai dién, c6 thé thiy do cao song cd
nghia cuc dai trung binh thang trong nam ¢ khu vuc nay ciing c6 xu hudng gia tang. Véi 05
diém duoc lua chon dé danh gia xu thé cho thdy mirc do gia ting trung binh tai 05 diém nay
1a 0,0146 m/ndm, muc dg gia tang lon nhéat 14 0,0285 m/nim va muc do gia tang nho nhat 1a
0,0026 m/nim. P§ cao séng cé nghia trung binh nim ¢ 05 diém nay c6 mic do ting trung
binh 14 0,0022 m/nam, muc d¢ gia tang 16n nhat 1a 0,0046 m/nam va muc do gia tang nho
nhat 14 0,0004 m/nam. Chu ky séng c6 nghia trung binh c6 murc do tang trung binh tai 05 nay
diém 14 0,0059 s/nam, muc do gia tang 16n nhat 14 0,0176 s/nim, mirc dd gia tang nho nhat
1a 0,0003 m/nam.

Pong gop cuia tac gia: Xay dung y tuong nghién ctru: H.T.T.; Lua chon phuong phap nghién
ctru: H.T.T.; N.T.T.; M6 hinh hoa: N.T.T., Phan tich két qua: H.T.T.; Chinh stra bai bao:
N.T.T.
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Loi cam on: Nghién ciru ndy dugc tai tro bai Dé tai “Nghién ctru co so khoa hoc xdy dung
mang ludi didu tra co ban va giam sat moi truong bién giai doan 2020-2030, tim nhin 2045
(PTBL.CN-56/20)".

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.

Tai liéu tham khao

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Walden, H. Long Term Variability. Proceeding of 4™ International Ship Structures
Congress, Tokyo, 1970.

Wang, X.L.; Swail, V.R. Changes of extreme wave heights in northern hemisphere
oceans and related atmospheric circulation regimes. J. Clim. 2001, 14(10), 2204—
2221.

Wang, X.L.; Swail, V.R. Trends of Atlantic wave extremes as simulated in a 40—yr
wave hindcast using kinematically reanalyzed wind fields. J. Clim. 2002, 15(9),
1020-1035.

Young, L.R.; Babanin, A. Global Trends in Wind Speed and Wave Height.
Sciencexpress 2011, 332, 451-455.

Young, [.R. Investigation of trends in extreme value wave height and wind speed.
Geophys. Res. Ocean 2012, 117, 1-13.

Shanas, P.R.; Kumar, V.S. Trends in surface wind speed and significant wave height
as revealed by ERA—Interim wind wave hindcast in the Central Bay of Bengal.
Climatol. 2015, 35, 2654-2663.

Kumar, P. Influence of climate variability on extreme ocean surface wave heights
assessed from ERA—interim and ERA-20C, Climate, 2016.

Young, [.R.; Ribal, A. Multiplatform evaluation of global trends in wind speed and
wave height. Science 2019, 19(364(6440)), 548-552.

Timmermans, B.W. Global Wave Height Trends and Variability from New
Multimission Satellite Altimeter Products, Reanalyses, and Wave Buoys. Geophys.
Res. Lett. 2020, 47(9), e2019GL086880.

Adekunle, O. Long—Term Variability of Extreme Significant Wave Height in the
South China Sea. Adv. Meteorol. 2016, 2419353, pp. 21.

Wu, L.; Li, X. South China Sea Wave Height Trends Analysis Using 20CR
Reanalysis. International Conference on Automatic Control and Information
Engineering (ICACIE 2016), 2016.

Zheng, C. Trends in significant wave height and surface wind speed in the China
Seas between 1988 and 2011. Oceanic Coastal Sea Res. 2017, 16, 717-726.

Pién, D.C.; Hung, N.M. Calibration and verification of a storm wave model in the
coastal zones of the East Sea. Tuyén tap cong trinh Hoi nghi khoa hoc Co hoc Thuy
Khi Toan Qudc, 2006.

Hung, N.M.; Dien, D.C. Wave Energy Atlas in Vietnam. In Proceedings of the 3rd
International Conference on Ocean Energy, Bilbao, Spain, 6—8 October 2010.
Thanh, N.T.; Huan, N.M.; Tien, T.Q. Application of automated calibration method
to calibrate parameters in SWAN model using wave height data from satellite and
MSP1 in Eastern Vietnam Sea. J. Marine Sci. Technol. 2017, 17(3), 271-278.
Thanh, N.T.; Huan, N.M.; Tien, T.Q. Application of data assimilation method for
wave height in eastern vietnam sea by the Ensemble Kalman Filter. J. Marine Sci.
Technol. 2018, 18(4), 358-367.

Thanh, N.T.; Ha, D.T.; Tién, D.D. Thir nghiém déng hoa s6 liéu d6 cao song tai tram
phao va vé tinh bang phuong phap loc Kalman t6 hop. Tap chi Khoa hoc va cong
nghé Thuy lpi 2019, 55, 43-55.



Tap chi Khi twong Thuy van 2022, 734, 78-87; doi:10.36335/VNJHM.2022(734).78-87 87

18. Thanh, N.T.; Lars, R.H.; Tien, D.D.; Huan, N.M. A Case Study of Wave Forecast
Over South China Sea Using SWAN Model and Ensemble Kalman Filter Method.
Oceanogr. Fish. 2020, 12(4), 555842.

19. The SWAN team. Swan user manual. Delft University of Technology, 2016.

20. Booij, N.; Ris, R.C.; Holthuijsen, L.H. A third—generation wave model for coastal
regions: 1. Model description and validation. J. Geophys. Res. 1999, 104(C4), 7649—
7666.

21. Ris, R.C.; Holthuijsen, L.H.; Booij, N. A third—generation wave model for coastal
regions: 2. Verification. J. Geophys. Res. 1999, 104(C4), 7667-7681.

22. Whitham, G.B. Linear and Nonlinear Waves. Wiley, New York, 1974, pp. 636.

23. Smith, W.H.S.; Sandwell, D.T. Global seafloor topography from satellite altimetry
and ship depth soundings. Science 1977, 277, 1957-1962.

24. Duong, N.D. Dé tai cap nha nudc: O nhiém dau trén ving bién Viét Nam va Bién
Poéng. Chuong trinh Khoa hoc va Cong nghé bién phuc vu phat trién bén viing kinh
té — xa hoi, KC.09/06-10, 2011,

25. Environmental Modeling Research Laboratory. ADCIRC Analysis. Surface Water
Modeling System, 2009.

26. Kalnay, E.; Kanamitsu, M.; Kistler, R.; Collins, W.; Deaven, D.; Gandin, L.; Iredell,
M.; Saha, S.; White, G.; Woollen, J.; Zhu, Y.; Chelliah, M.; Ebisuzaki, W.; Higgins,
W.; Janowiak, J.; Mo, K.C.; Ropelewski, C.; Wang, J.; Leetmaa, A.; Reynolds, R.;
Jenne, R.; Joseph, D. The NCEP/NCAR 40-year reanalysis project. Bull. Am.
Meteorol. Soc. 1996, 77(3), 437-472.

27. Saha, S. The NCEP Climate Forecast System Version 2. J. Clim. 2014, 27, 2185—
2208.

28. http://apps.ecmwf.int/datasets Truy cap ngay 24/12/2020.

29. Trung tim Quy hoach va Diéu tra tai nguyén — méi trudng bién khu vuc phia Bic:
Du an Biéu tra co ban tai nguy€n — moi trudng céac bai bdi ven bién phuc vu phat
trién kinh té bién va bao vé an ninh quéc phong, 2019.

30. Tin, N.V.; Thinh, N.N. Nghién ctru xu thé bién d6i cac yéu té khi hau, myc nudc tai
Ba Ria - Viing Tau. Tap chi Khi twong Thuy van 2012, 622, 13—16.

Evaluation of the wave height and period trends in the Gulf of
Tonkin in the coastal area of Vietnam
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Abstract: This study focuses on evaluating the significal wave height and period trends at
05 representative locations in the Gulf of Tonkin, about 24 nautical miles (44 kilometers)
from the coast of Vietnam. The simulation of trends are based on the wave field calculation
results for 20 years (2000-2019) in the Gulf of Tonkin using the SWAN model after
calibration and verification with observed data. The results at these 05 locations in the Gulf
of Tonkin show that the wave factors tend to increase, in which the monthly average
maximum significal wave height increases in the range of 0.0026 m/year to 0.0285 m/year,
the mean annual significal wave height increases in the range of 0.0004 m/year to 0.0046
m/year, the mean annual significal wave period increases in the range of 0.0003 s/year to
0.0176 s/year.

Keywords: SWAN model; Wave height and period trend; Gulf of Tonkin.



