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Abstract: This paper presents the initial results of applying the multi-scale unstructured grid model
system SCHISM-WWM to simulate water levels and waves for the Thanh Hoa - Nghe An coastal
area during the typhoon Doksuri (September 2017). The SCHISM model was chosen for its ability
to seamlessly simulate physical processes across multiple spatial scales and the superior
computational efficiency of its unstructured grid, making it a potential alternative to traditional
structured grid systems like ROMS-SWAN. The comparison of computed results with observational
data show that the model can effectively simulate the total water level, with a Nash-Sutcliffe
efficiency (NSE) index of 0.94 at Hon Dau and 0.88 at Hon Ngu, and corresponding root mean
square errors (RMSE) of 0.17 m and 0.21 m. For waves, the maximum simulated significant wave
height (7.15 m) is quite close to the observation from the SIO drifting buoy (7.8 m), with an NSE
index of 0.96. These results confirm the potential of SCHISM for detailed forecasting of storm surge
and waves, and provide a basis for further research to develop a highly reliable operational
forecasting system.
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Ung dyng mo hinh Iudi phi cAu trac SCHISM md phong
muc nudc va song tai vung ven bién Thanh Hoa - Nghé An

trong bao Doksuri (2017)
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Nguyen Thi Lan, BPang Linh Chi, Nguyén Van Khéanh
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Tém tit: Bai bao nay trinh bay két qua budc dau tng dung hé thong mé hinh lu6i phi ciu tric da
quy md SCHISM-WWM m6 phong myc nudéce va song con bao Doksuri (thang 9/2017) cho ving
bién Thanh Hoa - Nghé An. M6 hinh SCHISM duoc lya chon nhd kha ning mé phong lién mach
cac qua trinh vat 1y trén nhiéu quy m6 khong gian va hiéu qua tinh toan vuot trdi cua ludi phi céu
trac, mot giai phap thay thé tlem nang cho cac hé thong ludi cau tric truyén thong nhu ROMS-
SWAN. Ket qua so sanh véi so liéu quan tric cho thdy mé hinh c6 kha niang mo phong t6t dién bién
muc nuoc tong hop voi chi s6 hiéu qua Nash-Sutcliffe (NSE) dat 0,94 tai Hon Déu va 0,88 tai Hon
Ngu, sai s6 binh phuong trung binh (RMSE) twong mg 1a 0,17 m va 0,21 m. Déi v6i song, do cao
song co nghia (Hs) lon nhit mé phong (7,15 m) kha gan v6i quan trac tir phao tr6i SIO (7,8 m), voi
chi s6 NSE 14 0,96. Cac két qua nay khing dinh tiém ning cia SCHISM trong viée du bao chi tiét
nuée dang va song do bio, ddng thdi 1a co s& cho cic nghién ciru cai tién nham xdy dung mot hé

théng du bao nghiép vu c6 do tin cay cao.

Tir khod: SCHISM, WWM, thily triéu, song, myuc nudc tong hop.

1. Mé dau

Dy bao hai van cung cip cac thong tin hitu
ich cho cac nha quan 1y, quy hoach cac vung
bién, cac hoat dong kinh té xa hoi trén bién va
dac biét la trong cong tac canh bao thién tai.
Cung voi su phat trién manh mé cua kinh té xa
hoi, thong tin du bao hai van dang ngay cang
duoc nhiéu td chie, ¢4 nhan quan tam, str dung,
dac biét 1a cac du béo chi tiét cho khu vuc cu thé.
Hién nay, cac hé théng du bao nghi€p vu tai Viét
Nam nhu tai Trung tam Dy bao Khi tugng Thuy
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van Qudc gia va Vién Khoa hoc Khi twong Thuy
van va Bién d6i khi hau, chu yéu dua trén cac mo
hinh Iuéi ¢6 cdu trac nhu SUWAT, ROMS va
SWAN, ludi tinh c6 dd phan gidi ngang tir 4 km
dén 10 km [1, 2]. Mic du hiu quéa cho cac bai
toan quy mo khu vuc, cdc mo hinh nay gédp han
ché khi can mé phong chi tiét cac qué trinh & quy
mod nhd nhu cac cura song, viing, vinh ven bién.
Viéc ting do phan giai trén toan mién tinh hodc
st dung k¥ thuat luéi 16ng dé dat duoc do phan
giai vai tram mét & vung ven bo s€ lam tang dot
bién chi phi tinh toan, gay ap luc 16n 1én cac hé
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thong méy tinh higu ‘nang cao (HPC) va c6 thé
khong dép g yéu cau vé thoi gian trong du bao
tac nghlep

bPé giai quyét thach thire nay, cac mé hinh
lu6i phi cau tric da ndi 1én nhu mot giai phap
thay thé hiéu qua [3]. Luéi phi ciu triic cho phép
tinh chinh d¢ phén giai mét cach linh hoat, tap
trung céc nut ludi c6 d§ phan gidi cao vao cac
khu vyc quan tdm (nhu cua séng, kénh hep)
trong khi van duy tri luéi thua & cac ving nudc
mé ngoai khoi. Cach tiép can nay gitp t6i uu hoa
tai nguyén tinh toan ma van dam bao d6 chinh
xé4c & nhirng noi can thiét.

Trong s cac mé hinh luéi phi céu truc,
SCHISM (Semi-implicit Cross-scale
Hydroscience Integrated System Model) [4] 1a
mot cong cy ma ngudn md, tién tlen va da dugc
cong dong khoa hoc qudc té cong nhan.
SCHISM dé dugc tmg dung thanh cong trong
nhiéu nghién ctru phic tap trén toan cau, tir mod
phong nude dang do bio, song than, dén cac bai
toan 1t Iyt tong hop (compound flooding) két
hop anh hudng cia nude dang ven bién va 1
song tai cac khu vuc nhu Vinh Chesapeake, Vinh
San Francisco va Vinh Delaware [5]. Kha ning
mod phong lién mach cac qua trinh tir lach nho ra
dai duong mo, két hop vi hé thong ghép nbi linh
hoat cho CAc qua trinh vén chuyén tram tich,
sinh-dia-hda va chat lugng nude, da bién
SCHISM thanh mét nén tang manh mé& cho
viée xdy dyung cac hé théng mé hinh Trai Dt
tich hop.

Nghién ctru ctia Liu va cong su (2020) da mé
phong thanh cong nudc dang do bdo trong con
bao Sandy (2012) tai B& Bong Hoa Ky, véi do
16n dinh nuéc dang md phong 1a 2,9 m, sai s6
nho hon 0,08 m so véi quan trac [6]. Zhang va
cong sur (2020) da trién khai thanh cong hé thong
ghép noi SCHISM véi mé hinh thuy van
(NWM), tao ra mot khuon kho thdng nhat tir
song ra dai duong dé du béo twong tac gitra nude
dang do bdo va dong chdy tir song tai vinh
Delaware [7]. Ngoai ra, kha niang ghép nbi linh
hoat cia SCHISM con dugc khai thac hiéu qua
trong nghién ctu tuong tac song - dong chay -
tram tich va cdc qua trinh bién doi hinh thai.
Bertin va cong su (2020) da phat trién mot hé

thdng cai tién dya trén SCHISM-WWMIII dé tai
hién chinh x4c bién dang bai cat dudi tac dong
ctua song bao tai cira Maumusson (Phap) [8].
Trong mot ng dung khac tai vung cira song
Chau Giang, Yang va cong su (2022) da str dung
mo hinh 3D dé 1am rd vai trd chi phdi cua tuong
tac song - dong chay déi véi sy x6i mon va van
chuyén tram tich lo limg trong bdo Mangkhut
(2018) [10]. Mot nghién ctru tai vinh Chesapeake
da chi ra rang viéc sir dung ludi phi cau truc voi
dd phan giai cao ¢ cac nhanh song nho va cac
ving ven by giup cai thién dang ké viéc mo
phong céac bién chét luong nudc so voi cac mod
hinh ¢6 d6 phén giai tho hon [11]. Ly do la céc
ngudn thai 6 nhidm (ca diém va khong diém) va
Cac qua trinh sinh dia héa quan trong (nhu su tiéu
thu dinh dudng ciia tao, sy phan hity chit hitu co)
thuong dién ra & quy mé khong gian nho. Viéc
mo ta chinh xac sy luu thong, thoi gian luu va
qua trinh hoa tron & cac quy mo nay 1a rat quan
trong dé c6 duoc mot birc tranh téng thé chinh
xac vé chat luong nudc cua toan bo hé théng.
Kha nang tinh chinh lu¢i cuc by cia SCHISM
chinh 14 chia khoa dé nim bt cac qua trinh quy
md nho nay mét cach hiéu qua. Cac két qua nay
ching t6 SCHISM c¢6 kha ning mé phong t6t cac
qua trinh vat 1y phuc tap va kha nang tich hop
toan dién cac thanh phan diéu khién myc nudc
va lii lut ven bién, nén tang trong xay dung céc
hé théng canh bao som.

Bén canh d6, viéc nghién ctru ttng dung méot
md hinh méi vé du bao muc nude va song 1a didu
can thiét, dé co thém bd cong cu du bao mdi hd
trg cong tac dy bao nghiép vu, nang cao nang lyc
canh bao, dy bao va da dang hoda san phém du
bao. Ngoai ra, ching t6i dang hudng téi muc ti€u
xdy dung mot hé théng mé hinh c6 kha ning dap
mg duoc bai toan téng hop cho khu vuc cta
song ven bién bao gdom thity dong lyc, séng, van
chuyén tram tich, méi truong va smh thai phuc
vu phat trién bén viing, dua trén nén tang cia md
hinh SCHISM.

Trong bai bao nay, ching t6i trinh bay két
qua budc dau tng dung moé hinh SCHISM vao
mé phong muc nude tong hop va song cho khu
vuc ven bién Thanh Ho4 - Nghé An trong con
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béo Doksuri (2017), mét trong nhirg con bao
manh anh huéng dén khu vuc nay.

2. M6 hinh SCHISM
2.1. Mo ta chung

Mo hinh SCHISM 13 mé hinh cong dong ma
ngudn mé ba chiéu cho nhiéu quy mo khdng gian
khac nhau tir lach nho - s6ng - cira séng - thém
luc dia - dai dwong [4]. SCHISM dugc phat trién
tir m6 hinh SELFE [12], nhung da duoc nang cap
va cai tién dang ké, khién n6 tro thanh mot hé
thdng riéng biét voi nhidu tinh ning vuot troi.
SCHISM giai hé phuong trinh Navier-Stokes
bang cac phép gan diing thity tinh va Boussinesq.
Ba ky thuat chinh 1a nén tang ctia md hinh
SCHISM bao goém luéi phi cau trac va phuong
phap s6 lai, so dd giai ban an, hé toa do théng
dtng linh hoat [4, 13]. M6 hinh st dung ludi
ngang phi cdu trac linh hoat bao gdm cac phan
tir tam gidc va tlr gidc trén mat phang ngang, két
hop v&i phuong phap s6 lai phan tir hiru han/thé
tich hiru han. Thiét ké nay khong chi cho phép
mo ta chinh x4c cac duong bd bién va dja hinh
phure tap ma con dam bao tinh bao toan khoi
luong mot cach nghiém ngat, yéu td quan trong
cho cac mé phong van chuyén chat So d6 giai
ban an gitp loai bo rang budc 6n dinh nghiém
ngit ctia didu kién Courant-Friedrichs-Lewy
(CFL), cho phép str dung budc thoi gian 16n hon
dang ké (Ién toi hang trdim lan) so véi cac mod
hinh twdng minh, gitp ting hiéu suit tinh toan
cho cadc mo6 phong dai han. SCHISM str dung hé
toa do doc lai LSC* (Localized Sigma
Coordinates), cho phép s0 lugng lop thang dimg
thay d6i theo khong gian, giup tdi wu héa tinh
toan ¢ ca vung nudc sau va nong.

SCHISM duoc thiét ké khong chi 1a mot mo
hinh thiy dong luc don 1é ma la mot hé théng mo
hinh héa tich hop toan dién ¢ thé duoc mé rong
dé mo phong mot loat cac qua trinh vat 1y, hoa
hoc va sinh hgc thong qua mét loat cac mé hinh
duoc ghép ndi. Loi thay dong luc hoc cb thé
dugc ghép ndi linh hoat v6i mot loat cac md hinh
chuyén biét ¢&¢ md phong cic qua trinh vat 1y,
héa hoc va sinh hoc khac nhau trong moéi truong

nude. Toan bd hé théng SCHISM duoc thiét ké
song song hoa hoan toan bang cach su dung ky
thuat phan chia mién va giao dién truyén tin MPI
(Message Passing Interface). Diéu nay cho phép
mo hinh ¢6 thé chay hiéu qua trén cac cum siéu
may tinh (High-Performance Computing -
HPC), phén chia bai toan thanh nhiéu phan nho
dé xtr Iy ddng thoi trén hang chuc, hang tram,
hodc thadm chi hang ngan bg xu ly. Nho d6, cac
mo phdéng quy md 16n véi hang triéu nit ludi co
thé duge thuc hién trong mot khoang thoi gian
hop 1y [14].

2.2. H¢ phuwong trinh co ban

Phu(mg trinh dong luong:
— =f—gVn+m, —aluluL(x,y,z) (1)

at
Véi, f=fv - —if" Vpd{ — V”A
agVy + F,,
Phuong trinh lién tuc 2D va 3D:
ow
V.u+ E =0 (2)
on n
at +V. f—h udz =0 (3)

Phuong trinh van chuyén:
ac i} ac
E V@O =2 (k) +Fy (4)
Phuong trinh trang thai:
p=p(ST,p) (5)
Trong d6: V = (i,i); D/Dt 1a dao ham
dx ' dy
theo thoi gian; (x,y) la toa d Descartes ngang;
z la toa do thé“ing ding, hudng 1én; t 1a thoi gian;
nx,y,t) la do cao mit thoang (m); h(x,y) la do
sau dia hinh (m); u(x,y,zt) la van tbc theo
phuong ngang (m/s); w(x,y,zt) la toa do thang
dimg (m/s); p 1a 4p suét thay tinh (Pa); pa la ap
suat khi quyén tai muc nudc bién trung binh
(Pa); p, po la mat d6 nudc, mat do nudc tham
chiéu (kg/m®); f 14 cac thanh phén cudng buc
dong luong (gradient ap suat d6i lu'u doé nhoT
ngang, lyc Coriolis, thé nang thiy triéu, ap suét
khi quyén, ung suét birc xa); g 1a gia tdc trong

truong (m/s ), C 1a ndng do chat (vi du: do muoi,
nhiét do, tram tich,...); v 12 d6 nhét rdi thing
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dung (m%s); « 1a do khuéch tan thang dimg, cho
chét danh dau (m%s); Fr 1a d6 nhét theo phuong
ngang (m?%s); Fn 1a ngudn (m%s).

Tac dong cua tham thuc vat da duogc tinh dén
trong phwong trinh dong lugng. Thong s6 tham
thuc vat a(x,y) = DVNvCDv/2 14 bién s6 mat do
lién quan dén thyc vat (1/m), trong d6 Dv la
duong kinh than, Nv 13 mat do thuc vat (s6 cay
trén m?) va CDv la hé s6 kéo dugc xac nhan dua
trén cac gia tri nghién ctru thuc nghiém.

2.3. M0 hinh séng

M6 hinh song gi6 (Wind Wave Model -
WWM) la mot mo hinh séng thé hé tht ba, duoc
thiét ké dé mo phong sy phat sinh, lan truyén va
tiéu tan cuia song do gid6. Mo hinh giai phuong
trinh can bang tac dong song trén ludi khong co
céu triic, mot yéu cu co ban dé c6 thé két ndi
v6i SCHISM. WWM bao gém nhiéu cong thirc
tham s hoa khac nhau cho cac ngudn, chang han
nhu ning lugng diu vao tir gio, twong tic song -
song phi tuyén va tiéu tan do ma sat day va hién
tugng song do. Nén tang 1y thuyét va cac phuong
phap s6 chi tiét chia WWM duoc trinh bay trong
ludn 4n tién si caa Aron Roland va cong bd khoa
hoc quan trong cua Roland va cong sy (2012)
[15, 16].

Phuong trinh tac dong song dugc su dung
trong WWM tuong ty nhu trong mé hinh
SWAN. O day, thanh phan dau tién biéu dién sy
thay ddi cua tac dong song theo thoi gian, thanh
phan thir hai trong khong gian, thanh phéan thi ba
biéu dién su khtc xa do dong chay va do sau, va
thanh phan cudi cung biéu dién sy dich chuyén
tan s6 do su thay d6i d6 sdu va tuong tic véi
dong chay.

Phuong trinh tac dong song:

00N 00N

—+V (x N)+—+— Stot (6)

Trong d6, phd mat do tac dong song (N)
dugc dinh nghia nhu sau:
E(x t,0,0)
ke ()
Voi E (m*Hz) la mét d6 nang luong séng, 6
la tan so song tuong doi.

N(xtaG)

Stot 12 thanh phan nguén chi phdi sy dién tién
cuc bo ciia phod séng, bao gdbm ning luong dau
vao do gid/khi &p (Sam), twong tac phi tuyén tinh
trong viing nudc sau va nude ndong (Spia Va Snis),
ti€u tan nang lwong trong vung nuwdc sau va nudc
néng do séng bac dau va song do (Sus VA Sr), tiéu
tan nang lugng do ma sat day (Spr) va tuong tac
phi tuyén tinh giita song va day bién (Spg), do do
sau (Sdb).

Stot = Satm + Sas + Snia + Sniz + Spr +
Sbf +Sbg +Sdb (8)

3. Két qua va thao luin
3.1. Khu viec nghién cuu

Nghién ctru Iya chon ving ctra séng ven bién
Thanh Hoa - Nghé An dé xac thuc két qua mo
phoéng muc nudc va song cua mo hinh. Pay la
khu vuc ven bién c6 hoat dong kinh t& x3 hoi
ning dong nhu khu du lich bién Hai Tién, Sdm
Son, Ctra Lo va khu kinh té trong diém Nghi Son
va cang tong hop qudc té Séng Lam. Ving ven
bién Thanh Hoa - Nghé An ciing la khu vyc bi
anh hudng cua bao nhiéu nhit tai Viét Nam.
Trong khu vyc va khu vuc xung quanh c6 du cac
tram quan tric hai vin nhu Hon DAu, Sim Son,
Hon Ngu va thuy van ctra séng nhu Hoang Tan
va Cira Hoi (Hinh 1). Cdc tram nay nam trong hé
thong tram quan trac khi twong thily van quéc gia
nén s0 liéu dam bao tinh chinh xac va dg tin cay
dé xac thue md hinh SCHISM.

Dé danh gia mé hinh cho cic md phong muc
nudc va song bién khu vuc Thanh Hoa - Nghé
An, con bao Doksuri (9/2017) dugc lya chon. Do
bdo Doksuri ¢6 anh huéng manh dén ving ven
bién tir Ha Tinh dén Hai Phong, du nhiéu khu
vuc khong nam trong ving bio d6 bo truc tiép,
nhung Xy ra nudc dang 16n (gan 1m tai Hon
Déu), két hop voi thuy tridu cao va song l6n gy
ngap lut tai mot sé khu vuc ven bién. Bio
Doksuri dugc hinh thanh trén bién phia tiy cua
Thai Binh Duong tir ngay 11/9/2017, khi vao
Bién Dong bio tang cip lién tuc dén khi d6 bo
vao ven bién Ha Tinh - Quang Tri ngay
15/9/2017 (Hinh 2). Ap suét thip nhit tai tim
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bao 1 955 mb, van tdc gio 16n nhat 1a 80 kt. Ban 3.2. Thiét lgp mé hinh
kinh vung gi6 manh 50 kt khoang 140 km, ban

kinh ving gi6 manh 30 kt hon 360 km. D Ludi tinh . o
Ludéi tinh toan bao gom 15.513 nat va 28.895
L —— et phan tir, bao phu toan by vinh Bac B va mot
K16 AT ! phan Tay Bac Bién Pong (Hinh 3a). B§ phan
‘ o e giai ludi thay doi tir 30 km ¢ bién md ngoai khoi
. “" Plrcooll | w, R Dl dén khoang 100 m ¢ trong séng va vung clra
A whae A s | song cta song Ma va song Lam (Hinh 3b). Dit
< M . ligu d6 sau dugc ket hop gitra so liu trich tir cac
: e ban @0 dia hinh ti 1& 1/50.000 & khu vuc ven bién
200N 4 THOHIA 4 ¢ v6i s6 liéu GEBCO 30 gidy & khu vuc ngoai
3 khot, sau khi dugc diéu chinh vé ctung hé cao do.
Holng Tin*egr o ‘ M6 hinh dugc thiét 1ap dé md phong song,
muc nudc trong 20 ngay tu ngay 1/9/2017 dén
xr 1 < , e . . 5 <
' ‘ ngay 20/9/2017, budc thoi gian mo phong la
120 giay.
WHE AN
19°N i d (m)
22 1 N0
Cia Hén . Haa' Ngxt { 900
500
¥ [ F
HA TINH 000
i - E L F ¥ 500
105°E ¥ 106°E » 107°E 30
Hinh 1. Khu vyuc nghién ctru va vi tri cac tram trich %00
xuat va danh gia ket qua md hinh: Hon Dau, 200
Sam Son, Hon Ngu, Hoang Téan va Cira Hoi. S
% e e g 5
!ll-ﬂ?;! 0s 200 w7 08 we 1" m 12 13
< Kinh & d (m)
- rm 35
2 Song Ma % ‘
- Thanh Hoa
30
195 .
3, )
e g 19 Nght An '
S £1
wes  Soug L
Ha Tt ¥
*(b)
was e wes "
oo & Kinh 64
Hinh 2. Truong gi6 trong Doksuri (2017), Hinh 3. Luéi va dia hinh (m): (a) toan bd mién tinh,

thoi diém 6 gio ngdy 15/9/2017. (b) ving bién Thanh Héa - Ha Tinh.
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i) Diéu kién bién

Thiy tridu dugce ap dit trén bién mo ngoai
khoi v6i 23 thanh phan thiy triéu thién van tir
mo hinh toan cau FES2014 [17], gdm T2, SSA,
SA, S2, S1, R2, Q1, P1, O1, NU2, N2, MUZ2,
MSF, MM, MF, M3, M2, L2, K2, K1, J1, EPS2
va 2N2.

Luu lugng dugc ap dat tai cac bién song Ma
va song Lam. S6 liéu luu lwong duge mod phong
bang md hinh MIKE 11, ké thira tir két qua
nghién ctru ctia Dy 4n cap BO Tai nguyén va Moi
truong “Phan ving rii ro thién tai va lap ban do6
canh bao 1i ngap lut” [18]. Hinh 4 trinh bay bién
trinh luu lwong tai hai bién séng cho thiy, luu
lugng dinh tai bién song Ma 1a 2.160 m*/s va
s6ng Lam 14 3.960 m®/s. O ca hai bién, luu lugng
dat dinh sau khi bao d bo.

----- Song Mi  =——Sang Lam
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Hinh 4. Luu lugng tai cac bién song ctia mo hinh:
(a) sébng Ma, (b) séng Lam.

iii) Diéu kién gio, ap

Nghién ctru sir dung sd liéu gio, ap suat dau
vao 1a sb lidu tai phan tich GFS [19] ciia Trung
tam Dy bao Moi truong Quéc gia, My (NCEP),
trong thoi gian bao Doksuri (9/2017) hoat dong.
Do phan giai khong gian 1a 0,25 d¢ kinh vi va
thoi gian 1a 6 gio.

3.3. Két qud mé phong thiy triéu, séng va muc
nwoc tong cong

Két qua mo phéng cua mo6 hinh dugce danh
gia dua trén viéc so sanh truc quan va ba chi s6

NSE (Nash-Sutcliffe Efficiency), sai s trung
binh (ME) va sai s6 binh phuong trung binh
(RMSE) giita két qua mo phong va s lidu thuc do.

i) Vi thay triéu

Két qua mo phong thity tridu duge so sanh
tai ba tram Hon DAu, Sam Son va Hon Ngu.
Hinh 5 so sanh giira thiy triéu mé phong va thuc
do, cho thay c6 sy triung khép tuong dbi tot giita
céc két qua mo phong va thuc do ca vé bién do
va pha. Bang 2 liét ké cac hé s6 NSE cho 3 tram
tuong tng 14 0,96 (Hon Dau), 0,94 (Sdm Son) va
0,94 (Hon Ngu) va RMSE tuong tmg la 0,12m
(Hon Dau) 0,13m (Sam Son) va 0,13m (Hon
Ngu), sai s6 trung binh ME tai ba tram deu am
cho thdy m6 hinh thién thap so véi quan tric. Cac
két qua nay chimg minh mé hinh hiéu qua trong
md phong thity triéu.

Thye do ——Ma hinh

2 (a)

Mure murde (i)

' T v T T
952017 9112007 9172017 92372017 9292017

Thén gman (gxr)
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(b)
2 + '
"* Ul "ll’l‘l "l"Ul 9232017 9292017

Tho gsan (gx)
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wamwmwwmm
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\lln: nurdre (m)
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Hinh 5. So sanh myc nudc thuy triéu md phong va
phan tich di€u hoa: (a) tram Hon Dau, (b) tram Sam
Son va (c) tram Hon Ngu.
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Phan tich diéu hoa chudi muc nude quan tric
va m6 phong 1 nam 2017 thu dugc bién do va
pha bdn song triéu chinh M2, S2, K1 va Ol trinh
bay trong Bang 1. Két qua cho thiy bién d6 cac
song mo phong déu thip hon so véi quan tric,
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ngoai tror song M2 tai tram Hon DAu. Tuong tu,
pha mé phong c¢6 xu huéng chung 1a thdp hon
quan tric, ngoai trir hai séng ban nhat M2, S2
tai tram Hon Déau c6 pha md phong 16n hon
quan trac.

Bang 1. So sanh céc séng didu hoa thiy tridu phan tich tir két qua mé phong va sb liéu quan tric trong 1 nim

Soéng/Tram Hon Déu Hon Ngu
’ Mo& hinh | Quantrac | Chénhléch | MO hinh | Quantric | Chénh léch
M2 Bién d6 (cm) 6,9 5,9 1,0 23,6 29,5 -5,9
Pha (d6) 222,8 199,3 23,5 123,9 142,9 -19,0
2 Bién d6 (cm) 39 4,2 -0,3 8,1 9,7 -1,6
Pha (d9) 238,4 219,8 18,5 186,3 205,0 -18,7
K1 Bién d6 (cm) 70,0 72,4 -2,4 47,9 50,0 -2,1
Pha (d6) 316,8 330,7 -13,8 331,3 345,7 -14,4
o1 Bién d6 (cm) 77,6 81,2 -3,6 54,9 59,3 -4,4
Pha (d9) 263,9 276,4 -12,5 267,5 289,5 -22,0
ii) V6i song bién o PhnoSI0 —Ms hinh

Dé danh gia két qua mo phong séng ciia mo
hinh séng WWM, chung t6i str dung s6 liéu do
cao song c6 nghia (Hs) va chu ky dinh phé (Tp)
quan tric bang phao troi SIO tir ngay 2/9/2017
dén ngay 20/9/2017 cua Trung tdm nghién ciru
va phét trién quan tric ven bién (CORDC), Vién
Hai duong hoc Scripps, Dai hoc California. Quy
dao phao duogc thé hién trong Hinh 6, trong do
mdi vi tri ctia phao cach nhau 3 gio;

Hs (m)

| 1 -~ |
’:"l o u‘.’. j . $6
’ _ [

A o s | B i

Hinh 6. Quy dao cua phao SIO tir ngay 2/9/2017 -
20/9/2017.
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Hinh 7. So sanh gitta mé hinh va quan tric bing
phao SIO: (a) Hs, (b) Tp.

So sanh giira Hs va Tp giita két qua mé hinh
(trong kich ban W) dugc thé hién trong Hinh 7
va cac chi s6 thdng ké trong Bang 2 cho thdy mo
hinh WWM c6 kha ning mé phong song kha tét.
Dbi v6i dd cao song ¢ nghia 16n nhiat mé phong
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thap hon quan tric 0,65 m (quan tric 1a 7,8 m,
mo6 phong la 7,15 m, Hinh 7a). P6i véi chu ky
dinh phé 16n nhat mo phong thap hon quan tric
1,4 m (quan tric 1a 12,3 m, mé6 phong 1a 10,9 m,
Hinh 7b). Nhin chung, két qua mé hinh thién
thap so véi thuc do. Piéu ndy c6 thé lién quan
dén d6 phan giai cua trudng gio dau vao 1 0,25
d6 va budce thoi gian 1a 6 gio nén khong phan anh
dung truong gi6 trong thyc té;

Phén b6 theo khong gian cta do cao song cd
nghia 16n nhat thé hién trong Hinh 7, cho thay su
phu hop véi dién bién thyc té. P cao séng 16n
nhit & ving bién Nghé An - Ha Tinh, giam dan
vé phia bic. D6 cao song c6 nghia 16n nhat & Hon
Ngu khoang 4,8 m, & Sam Son khoang 3,7 m;

-~

__ | Thanh Héa
198

a0

Hs (m)

Ha Tinh

1054 1056 1058 106 1082 1064 1066

Kinh 83

Hinh 7. Phan b6 do cao song ¢ nghia 16n nhat trong
b&o Doksuri.

iii) Voi mue nude tong hop

Muc nuée tong hop duoc mé phong bang mo
hinh SCHISM két ndi v6i mé hinh song WMM.
O day ap dung két ndi dong hai chiéu day du giita
hai md hinh sau mdi 5 budc thdi gian tinh toan
(600 gidy). Pi v6i md hinh séng, muc nudc va
dong chay tor mé hinh SCHISM s€ duogc cép
nhat. V6i mo hinh SCHISM, anh hudng cua song
den thuy dong luc thong qua ba thanh phan, tmg
suat gi6 bé mit, ing suat buc xa va tang cuong
ma sat day. Trong do, ing suét gi6 bé mat duoc

diéu chinh khong chi phu thude vao tbe do gio,
ma con phu thude vao trang thai bé mit bién, tirc
la song.

Két qua md phong muc nude tong hop duge
so sanh v&i dir li€u thuc do tai hai tram hai van
Hon Dau, Hon Ngu va hai tram thay van ctra
song Hoang Tan (song M3a), Clra Hoi (song
Lam). Hinh 9 va 10 so sanh gilra mo phong va
thuc do, cho thay két qua mo phong thién thap SO
v6i thuc do, nhat 12 tai cac thoi diém trleu cao.
Diéu nay ciing dugc thé hién qua sai so trung
binh ME tai c4c tram trinh bay trong Bang 2. Chi
s0 NSE kha tot déu trén 0,79, sai s6 RMSE tir
0,17 m dén 0,28 m, sai s6 trung binh ME a4m &
tat ca cac tram cho thidy mo hinh thién thip so
v6i thue do. Nguyén nhan, ¢ thé 1a do truong
gi6 nhu da phan tich ¢ trén. Ngoai ra, muc nudc
tai hai tram thuy van ctra song Hoang Tan va Clra
Hoi con bi chi phéi boi su tuwong tac phuc tap
gifta song va bién (nudc dang soéng). Trong
nghién ciru nay, diéu kién bién song dugc ap dat
bang luu lugng theo thoi gian, day 1a tic dong
mot chiéu cua song dén cac yéu td dong luc bién.
Diéu ndy da bo qua sy phan hdi tir nude dang,
song dén dong chay song. Dé khic phuc nhuoc
diém nay can két ndi hai chiéu v6i mé hinh thay
van khu vyc (Zhang va cong su, 2020).

o Thue do =M hinh

Mure nuroc (1)

9142017 2162017 0/18.2017

Thn gian (gar)
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¢ Thue do ——Mo lunh
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9/1222017 9142017 9162017 /182017

Tho gann (g10)

Hinh 9. So sanh muc nude téng hop mod phong va
thuc do: (a) tram Hon Dau, (b) tram Hon Ngu.
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Hinh 10. So sanh muc nudc tong hop md phong va
thuc do: (a) tram Hoang Téan, (b) tram Ctra Ho:i.
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Hinh 11. Phan b khong gian ciia myc nudée tong
hop 16n nhat trong bao Doksuri.

Hinh 11 cho thidy muc nuéc tong hop 16n
nhit & khu vyc Dién Chau va cira song Lam,
giam dan vé hai phia bic va nam. D6 cao muc
nuée téng hop 16n nhit tai tram Hon Ngu la
2,19 m, tai Dién Chdu 2,43 m, tai Sam Son la
1,92 m. Tai cac ctra song, myuc nudc 16n hon khu

vuc ven bién, tai tram thuy van Cua Hoi 1a 2,45
m va tai tram Hoang Tan 1a 2,23 m.

Nhin chung, cac két qua xac thuc voi s6 liéu
thuc do cho thay mé hinh SCHISM c¢6 kha ning
mé phong tét muc nudc va song trong diéu kién
bao. Cac két qua nay 1a co so dé tién hanh nghién
clru chuyén sdu va m¢ rong ung dung mé hinh
sang céc linh vuc khac nhu van chuyén tram tich,
mdi trudng va sinh thai ving cira sdng ven bién.

Béng 2. Cac chi sb danh gia mo hinh

Tram Yéu td NSE ME | RMSE
(m | (m)
M5 hinh SCHISM mé phong thuy trieu
Hon Dau Muc mge 096 | -0.06 | 012
Sam Son thﬁy tridy 0,94 | -0,01 0,13
Hon Ngu 0,92 | -0,08 0,13

M6 hinh SCHISM-WWM mo6 phong myc nude
téng cong
Hon Dau 094 | -0,05 | 0,17
Hon Ngu | Myc nuée | 0,88 | -0,11 0,21
Hoang Tan | tong cong | 0,79 | -0,12 | 0,28

Cira Hoi 0,83 | -0,13 | 0,26
M& hinh SCHISM-WWM mé phong song
Tram Yéu td NSE ME | RMSE
(m) (m)

Hs 0,96 | -0,09 | 023
Tp 053 | 094 | 152

Phao SIO

3.4. Thdo ludn

Hiéu sudt cia md hinh SCHISM trong
nghién ciru nay, dugc dinh lugng qua cac chi )
thong ké cao (Bang 2), cho thdy két qua nay phu
hop v&i cac nghién ciru khic bang mé hinh
MIKE 21 coupled va SuWAT cta Pham Vin
Tién va cong su (2022 2025) [19, 20], ROMS-
SWAN cua Nguyen Lé Tuan va cong su (2022)
[21]. Piéu nay khang dinh SCHISM khong chi
12 mot lya chon thay thé ma con 1a mét cong cu
hién dai, c6 do tin cay cao, phu hop véi diéu kién
dia hinh ven bién phuc tap cua Viét Nam. Vige
lya chon mo6 hinh ludi phi cAu traic SCHISM
mang lai mot loi thé chién lugc vé phuong phap
luan. Khu vuc nghién ciru bao gdm ca ving vinh
rong l6n va cac ctra séng Ma, song Lam hep va
phtrc tap. Ludi phi cdu truc duoc thiét ké dic biét
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dé giai quyét cac bai toan da quy mo nhu vay,
cho phép ting d6 phan gidi cuc bg tai cac khu
vuc ctra song ma khong lam tdng chi phi tinh
toan mot cach khong can thiét & ngoai khoi.
Nguoc lai, cdc md hinh ludi co cu trac nhu
SUWAT, ROMS phai d6i mat véi mot sy danh
d6i, hodc str dung ludi thé khong thé mo ta chinh
xac dong luc hoc cua song, hodc sir dung ludi
min déng nhét trén toan mién tinh hodc st dung
lu6i 1ong nhiéu cip, ca hai déu din dén chi phi
tinh toan 16n. Do do, viéc ap dung SCHISM cho
vung ven bién Thanh Hoa - Nghé An la mot lya
chon k¥ thuat téi wu, phu hop véi dic diém dia
ly va muc tiéu cia bai toan dy béo chi tiét.

Hién trong mo hinh danh gia thap hon so véi
quan trac 12 mot van dé phd bién trong mé hinh
héa nuéc dang do bao. Viéc phan tich cac
nguyén nhan tiém tang 14 rat quan trong dé dinh
hudng cac cai tién trong twong lai. Nguyén nhan
chinh va truc tiép nhat c6 thé 1a do chat luong
ctia dir liéu khi tugng déu vao. Dir liéu tai phan
tich GFS véi @6 phén giai 0,25 d6 (khoang 28
km) va budc thoi gian 6 gio 1a twong ddi tho dé
¢6 thé ndm bat dugc cac gradient ap suat va toc
d6 gi6 cyc doan trong viing mit bio va thanh mat
bdo. Céc nghién ciru da chi ra rang viéc ting do
phan giai ciia mé hinh khi twong c6 thé cai thién
dang ké viéc mo ta cac dinh gio, tir d6 1am ting
(g suat gio bé mit va dan dén két qua mo phong
nudc dang va song chinh xac hon [22]. Tai cac
tram cura song nhu Hoang Tan va Ctra Hoi, viéc
md hinh danh gia thap muc nudc con bi chi phdi
boi mot yéu t6 vat 1y quan trong bi bo qua 12 hiéu
g nude dénh nguoc (backwater effect). Trong
thiét 12p hién tai, bién song dugc ap dat bé'lng mot
chudi Iuu lwong mot chidu, mo ta dong chay tir
song ra bién. Cach tiép can nay da khong tinh
dén sy twong tac nguoc lai khi nuéce dang do bio
tlr bién tran vao, lam cham, chin, hodc tham chi
dao ngugc dong chay tir song ra. Diéu nay khién
cho nudc tir song khong thoat ra dugc, giy ra
myc nude cao hon tai vang cira song. Hién tuong
nay duogc goi la 1l lut tong hop va 1a mot linh vyce
nghién ciru trong diém trén toan cau hién nay.
Céc nghién ctru tién tién da chi ra rang dé mo
phong chinh xéc hién tugng nay, cin phai c6 sy
ghép ndi hai chiéu gitta mo hinh thuy dong luc

ven bién va mé hinh thily van/thiy lyc song. Mot
nghién ctu d6t pha da thuc hién ghép ndi hai
chiéu giita SCHISM va mé hinh muéc (NWM)
ctia Hoa Ky. Két qua cho thdy chi c6 hé thong
ghép nbi hai chidu méi c6 thé nam bat dugc cac
hién tuong ddo nguoc dong chay va myuc nudc
dang dot bién tai viing ctra song trong cac su kién
bao, nhimg yéu t6 ma mo hinh mot chiéu hoan
toan bo qua [23, 24].

4. Két luan

Bai béo trinh bay két qua budce dau tmg dung
hé thong mo hinh ludi phi cdu tric SCHISM-
WWM dé mé phong muc nude va song tai ving
ven bién Thanh Hoéa - Nghé An trong con bio
Doksuri (2017). Cac két quéa chinh cho thay:

M6 hinh SCHISM, voi cac uu diém cua ludi
phi ciu tric va bo giai hiéu qua, da chimg t6 1a
mot cong cu manh mé va phu hgp cho viéc mo
phong cac qua trinh thuy dong luc phuc tap &
ving ven bién Thanh Hoa - Nghé An. M6 hinh
tai tao tot dién bién thuy triéu, song va muc nudc
tong hop, v6i cac chi sd théng ké dat muc tin
cdy cao.

Két qua mb phong cho thay xu hudng chung
1a d4nh gia thap hon so véi s6 liéu quan tric, dic
biét 1 tai cac gia tri dinh cia muc nude va song.
Phan tich sau hon chi ra cac nguyén nhan tiém
tang bao gém: i) P9 phan giai twong dbi thap cua
dir lidu khi tuong dau vao (sd liéu GFS véi do
phan giai khong gian 0,25° va thoi gian 6 gio),
chua du dé ndm bét cac dinh gi6 cuc doan cua
b3o; va ii) Viéc bo qua twong tac hai chiéu giira
nuéce dang ven bién va dong chay song.

Céc nghién ciru trong twong lai nhim xay
dung mot hé thong du béo nghiép vu c6 do tin
cdy cao can sir dung cac ngudn dir liéu khi tugng
c6 d6 phén giai cao hon, vi du nhu két qua tir cac
mo hinh khi twong khu vuye (nhu WRF), hodc két
hop v6i cac mo hinh gi6 tham sb dé tai tao truong
gi6 bio chinh xac hon. Phat trién hé thong ghép
nbi hai chiéu gitta mé hinh thuy dong luc ven
bién (SCHISM) va cic md hinh thay vin/thay
luc song dé mé phong chinh xac hon hién tuong
lii Iyt tong hop tai ving cira sdng. Tién hanh cac
nghién ctru hiéu chinh va danh gia 46 nhay cua
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céc tham s vét 1y quan trong (ma sat day, hé sd
can gio) dé t6i wu hoa hiéu nang ctia mo hinh cho
diéu kién dic thu cua vung bién Viét Nam.

Céc két qua nghién ciru ban dau déi véi muc
nudc va song viing ctra song ven bién Thanh Hoa
- Nghé An cho thay tiém ning to 16n cia mé hinh
SCHISM. bay ciing 1a co s quan trong de tién
t6i muc tiéu xay dung mot hé théng mo hinh tong
hop cho khu vyc ctra song ven blen bao gom
thity dong luc, song, van chuyén trarn tich, moi
truong va sinh thai phuc vu phét trién bén vimng.
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