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Abstract. The Vietnamese Mekong Delta (VMD) is shaped by alluvium of the Mekong River
and is the largest delta in Vietnam. This area has a very complex hydrodynamic regime due to
the interaction between the sea and the intricate system of estuaries, rivers and canals,
especially the downstream area of the VMD (from My Thuan and Can Tho to estuaries and
coastal areas). This place is considered one of the most vulnerable and most heavily affected
deltas in the world due to the negative impacts of sea level rise and climate change. According
to the climate change scenario announced by the Ministry of Natural Resources and
Environment in 2020, nearly half of the area (47.29%) of the VMD is at risk of being flooded
by 2100 if sea level rises to a maximum of over 100 cm. As a result, impacts from the sea
aggravate erosion problems and changes in hydrodynamics. This paper presents the results of
research on assessing and predicting changes in the hydrodynamic regime in the downstream
area of the VMD due to future sea level rise using a two-dimensional numerical model of
MIKE 21. Simulation results clarified that wave propagation into the Ham Luong estuary in
the 2020 dry season is higher than in other estuaries. In addition, the results also proved that
the future sea level could cause an increase in wave height both during high tide and low tide.
Meanwhile, this phenomenon only induced an increase in current speed during high tide and a
reduction in current speed during low tide.
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Tom tat. Bong bang séng Ctru Long dugc hinh bai phi sa cua sdng Tién va séng Hau va la
ddng bang 16n nhat Viét Nam. Khu vyc ndy ¢ ché @6 thuy dong luc hoc rat phic tap do
tuong tac gitra bién véi hé théng cac cira sdng, sdng va kénh rach chang chit, dac biét 1a khu
vuc ha Iuu cia ddng bang séng Ciru Long (tir My Thuan va Can Tho dén céc cira sdng va ven
bién). Noi day dugc danh gia 1a mot trong nhitng dong bang dé bi tén thwong nhat do cac tac
dong tiéu cuc cua nuoc bién dang (NBD) va bién dbi khi hau. Theo kich ban bién d6i khi hau
do Bo Tai nguyén va Moi trudng cong bd nam 2020, khoang gén mot ntra di¢n tich (47,29%)
dong bang song Ciru Long c6 nguy co bi ngap vao nam 2100 néu myc nudc bién dang t6i da
trén 100 cm. Hé qua 1a tac dong tir bién 1am tram trong thém x6i 16 bo va thay doi ché dong
thiy dong luc. Bai bao nay trinh bay két qua nghién ciru danh gia va du béo sy bién dong caa
ché @6 thay dong luc khu vuc ha luu caa dong bang séng Ciru Long do nuéc bién dang trong
tuong lai bang md hinh sb hai chiéu MIKE 21. Két qua md phong da lam sang to rang séng
lan truyén vao ctra Ham Lubng trong mua khé 2020 cao hon so véi cac cira sdng khac. Ngoai
ra, két qua ciing cho thdy NBD trong tuong lai s& gy ra sy gia tang chiéu cao song ca khi
triéu 1&n va tridu rat. Trong khi d6, hién tugng nay chi lam cho van téc dong chay tang 1én khi
triéu rat va giam xudng khi triéu 1én.

Tur khoa: ddng bang séng Curu Long, NBD, chiéu cao séng, van téc dong chay, thay triéu,
ctra séng
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1. MO PAU

Dong bing song Ciru Long nam & ha luu cua hé thdng song Ciru Long vdi tong dién tich
khoang 40.577,6 km? [1] (Hinh 1). Pay cling 1a mét trong nhimg ddng bang 16n, phi nhiéu
nhat Bong Nam A va thé gidi, 1a trung thm san xut, xuat khau lwong thyuc va ving cdy an trai
nhiét dgi 16n nhat Viét Nam [2]. Tuy nhién, trong khoang hai thap ky tré lai ddy, khu vuc nay
dang bi de doa nghiém trong boi hién tuong sat 16 bd sdng, b bién cling nhu x4m nhap man.
Theo sé lidu thu thap cua Hoai va cac cong su [3], trén song Tién c6 trén 202 diém sat 16 véi
tong chiéu dai 218 km va trén sdng Hau c6 trén 90 diém sat 16 véi téng chiéu dai 183 km.
Ngoai ra, bo bién khu vuc nay ciing dang phai di mat véi hién twong x6i 1& bd bién dién ra
trén 268/744 km duong b véi tée do x6i 1o tir 1-40 m/nam [4]. Bén canh dé, déng bang sdng
Ctru Long lién tiép himng chiu nhitng dot xdm nhap man véi cac dinh man lién tuc bi pha.
Trong mua khd 2015-2016, nwéc man da xam nhap hon 90 km vao dat lién va gay thiét hai
moa mang nghiém trong & 11 trong s6 13 tinh (trong d6 ¢6 09 tinh ven bién) [5, 6]. Sau do,
han va man trong mua khé nam 2019-2020 da xay ra nghiém trong hon mua kho nam 2015-
2016 v&i ranh man 4g/lit xAm nhap téi gan 60 km theo song Ham Ludng, sdu hon trung binh
nhiéu nam téi 24 km [7]. Van dé sé& tré nén tram trong néu hién tuong nuéc bién dang do bién
doi khi hau toan cau kéo theo su xuat hién cac con bio ngay cang nhiéu va Ion [8].
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Hinh 1. Ban dd khu vuc nghién ciru va vi tri cac tram quan tréc.

Mot trong nhitng nguyén nhéan chinh gay ra hién tuong x4i 16 b va xam nhap man do 1a
do su bién ddi cua ché do thay dong luc hoc caa hé thdng séng Ciru Long [3]. Cho dén nay da
c6 rat nhiéu cac cong trinh nghién ctru duoc thuc hién dé tim hiéu ché do thay dong luc cua
hé thong sdng nay ciing nhu tac dong cua NBD dén ché do thuy dong luc [9-12, 14, 17-18,
20]. Trong khi d6, mot s hoc gia da tién hanh mot sé nghién cau vé xam nhap man dudi tac
dong cua bién ddi khi hau & ddng bang séng Ciru Long nhu Tri [13], Kantoush va céc cong su
[15], Duong va cac cong su [16], Jordan va cac cong su [19]. Hau hét cac nghién ctu nay chi
ding lai & mtc d6 tai md phong va phan tich ché do thay dong luc khu vuc trong qué khi
hoic c6 su thay dbi lwu lugng dong chay ¢ thuong luu. Muc dich cia nghién ciu nay 1a 1am
séng to ché do thuy dong luc khu vuc ha luu hé théng séng Ciu Long vao mua khd 2020
cling nhu danh gia anh huong cua nudc bién dang do bién doi khi hau trong tuong lai 1én ché
do6 thuy dong lyc nay.
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2. PHUONG PHAP NGHIEN CUU
2.1. Mo ta mo hinh toan

Pé danh gi4 nhimg tac dong cua nuéc bién dang 18n ché do thuy dong luc & khu vuc ha
lwu dong bang séng Ciru Long, md hinh MIKE 21 HD va mé hinh MIKE 21 SW nam trong
b mo hinh s6 MIKE 21 [21] duoc sir dung trong nghién ciu ndy. Cac md hinh sé s& duoc
giai trén mot ludi tinh toén c6 dién tich khoang 90.000 km?. Mién tinh toan nay dwoc gidi han
boi hai bién tinh phia thugng luu ciia s6ng va ba bién tinh phia bién. Bién thuong luu séng
Hau tai Can Tho va cach cira song Binh An khoang 94 km. Bién thuong luu song Tién tai My
Thuan va lan luot cach ctra séng C6 Chién khoang 96 km va cira Tiéu khoang 105 km. Ba
bién tinh phia bién lan luot & bién phia dong, tdy va nam. Ludi tinh toan hdn hop bao gém ca
lui cdu trac tir gidc cho khu vyc trong sdng va cira song va ludi phi cu trdc tam giac cho
khu vuc ven bién va ngoai khoi. Toan bo ludi ndy dugc xay dung boi 12.494 nat va 14.043
phan ti. Dién tich 6 ludi nho nhat 1a khoang 10,000 m? bén trong séng va doc theo cac bai
bién, trong khi dién tich 6 lui I6n nhat 1a khoang 98 km? & khu vuc ngoai khoi (Hinh 2a).
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Hinh 2. Mién tinh (a) va dia hinh khu vyc nghién ciru (b).

Dbi voi mo hinh SW, cac bién phia bién s& sir dung cac dir liéu diéu kién song tir md hinh
ECMWF lan truyén vao khu vuc ven bo. Ngoai dir liéu song ding lam dir ligu bién lan truyén
cho md hinh séng, gia tri gi6 bién ddi theo thoi gian va khong gian dugc thu thap tir ngudn dit
lisu ECMWF s& duoc st dung két hop véi dir liéu séng tir ECMWEF. Trong khi d6, cac dir liu
muc nudc quan tric & cac tram ngoai khoi (S1, S2) va cira sdng s& dugc str dung cho cac bién
phia bién trong md hinh HD (Hinh 2b). B4i véi cac bién thuong luu, luu lwong dong chay tai
tram My Thuan va tram Can Tho s& duoc gan nhu du vao caa mé hinh thay lrc. Ngoai ra,
két qua cua mo hinh SW (cac g suat birc xa s6ng) s& duoc st dung trong mé hinh nay.

2.2. Céc tham s6 hiéu chinh va kiém dinh mé hinh

Céac mo hinh dugc hiéu chinh va kiém dinh dua trén céc dit liéu thuc do. Cac két qua mo
phong dugc so sanh vaéi dir liéu thuc do va sau d6 do chinh x&c va kha nang ctia mé hinh sé
duoc danh gia thong qua cac sai s6 théng ké bao gom hé sé xac dinh boi (R?), hé sb hiéu dung
hay hiéu qua Nash-Sutcliffe (NSE), sai sé tuyét ddi trung binh (MAE) va sai sé binh phuong
trung binh géc (RMSE).
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Vé6i OBS; la gia tri quan sét (thuc do) thér i trong chudi sé liéu thong ké. SIM; 1a gia tri

NSE =1-

th i tinh theo mé hinh twong dwong. OBS | SIM lan luot 14 gi4 tri trung binh caa chudi gia
tri thuc do va chudi gia tri tinh theo md hinh twong duong, i=1,...,N.

Trong md hinh s6 MIKE 21 HD, sirc can cia déy duoc xac dinh bang s6 Manning. N6 ¢6
thé thay ddi tuy theo d¢ sau cua nudc [22, 23]. Qua trinh hiéu chinh md hinh sb nay la xac
dinh sé6 Manning cudi cuing trong mién tinh toan dua trén hé sb luc can va do sau nuéc [23].
Theo cach tuong trr, md hinh sé6 MIKE 21 SW s& duoc hiéu chinh bing cach diéu chinh bang
d6 dai nham Nikuradse kn, ma 1a ham caa duong trung binh cua hat bun céat Dso trong mién
nghién ctru [23].

2.3. Cac kich ban nghién ciru

Trong nghién ctu nay, Xxdm nhap man mua khoé thang 2/2020 dugc lua chon lam kich ban
nén, vi day 1a nim c6 xdm nhap man cao nhit theo sé liéu quan trac lich sir [7]. Muc nudc
bién & khu vuc ven bién dong bang séng Ctru Long duoc dy béo s& ting tir 22 cm dén 26 cm
vao nhimg nam 2050 so v&i nam 2013 theo cac kich ban bién doi khi hau RCP4.5 va RCP8.5
[24]. Céac nghién ctru khéac cho rang muc nudc bién co thé ting 0,55 cm mdi nam [25, 15]; do
d6, hop Iy khi cho rang muyc nudc bién vao nam 2050 c6 thé ting khoang 17 cm so VGi muc
nuéc bién nam 2020. Bén canh d6, NBD trung binh dugc du bao dao dong tir 23 dén 28 cm
vao nam 2050 va tir 53 dén 73 cm vao nam 2100 so véi giai doan co s& (1986-2005) theo
RCP4.5 va RCP8.5 [26]. Nhu vay, du béo vao giita thé ky, NBD dao dong trong khoang 0,46
—0,56 cm/nam (giai doan 2020-2050 14 14—17 cm). Tuong tu, du béo vao cudi thé ky nay,
muc nudc bién s& tang tir 0,53 dén 0,73 cm mdi nam (giai doan 2020-2100 tuong tng 13 42—
58 cm). Trong nghién citu ndy, cac kich ban dang tin cay dugc xay dung dé danh gia tac dong
cia NBD trong mia khd, bao gdm NBD lan luot 1a 14 va 17 cho nam 2050 va 42 va 58 cm
cho nam 2100 (Bang 1).

Bang 1. Cac kich ban mé phong NBD cho nam 2050 va 2100 so véi kich ban géc nam 2020.

Sttt Kich ban mé phong NBD Thoi doan mé phong Kich ban nong d6 khi nha kinh
1 Kichban goc 2/2020

2 Kichbanl +0,14 m 2/2050 RCP 4.5

3  Kichban2 +0,17 m 2/2050 RCP 8.5

4 Kich ban 3 +0,42 m 2/2100 RCP 4.5

5 Kich ban 4 +0,58 m 2/2100 RCP 8.5

3. KET QUA VA THAO LUAN
3.1. Két qua hiéu chinh va kiém dinh mé hinh
3.1.1. Két qud hi¢u chinh mé hinh

Két qua hiéu chinh cia md hinh MIKE 21 SW thé hién trong Bang 2. Chiéu cao song tai
tram S1 cho hé sé6 NSE = 0,74 va R? = 0,77 déu nam trong khoang duoc danh gia tét [27, 28,
29, 30, 31]. Trong khi d6, chu ky tai tram S1 cho hé s NSE = 0,14 nam trong pham vi tir 0
dén 1 1a c6 thé chip nhan duoc. Ngoai ra, so sanh cac két qua md hinh (SIM) va sb liéu do
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dac (OBS) duoc thé hién trén Hinh 3. Diéu d6 cho thdy két qua chiéu cao séng cua mo hinh
phan anh rat sé‘t Véi s0 liéu do dac. Két qua hiéu chinh luya chon duoc d6 dai nham Nikurase
kn cho toan mién tinh toan la 0,0002 m.

Bang 2. Két qua tinh toan cac chi s6 danh gia mé hinh MIKE 21SW.

Tham sb R2 RMSE MAE NSE
Chiéu cao séng Hs (m) 0,77 0,37 0,28 0,74
Chu ky séng Ty (5) 0,40 1,25 0,77 0,14
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Hinh 3. So sanh chiéu cao séng (a) va chu ky song (b) mé phong (SIM) va thuc do (OBS) tai tram S1.

M6 hinh thay lvc MIKE21 HD duoc hiéu chinh dua trén co s¢ didu chinh sé nham
Manning dé dat dugc sy phu hop nhit giita dong chay/muc nudc tinh toan va thuc do. Hinh 4
thé hién két qua hiéu chuan muc nuée lan luot cho cac tram S1, An Thuan, Bén Trai, Binh
Pai, Tran B¢, va Vam Keénh. Nhiing két qua d6 chi ra rang két qua md phong c6 méi twong
quan chit ché va dy doan tuyét voi véi dir liéu do dac ca vé tri s 13n xu thé, do léch tuyét ddi
I6n nhat 12 29 cm (Bang 3). Ngoai ra, gié tri caa hé sé hiéu dung NSE dao dong trong khoang
0,85-0,96 va chi s xac dinh boi R? dat khoang 0,94-0,97. Cac muc gia tri nay dwoc xép loai
phl;J hop xuét sic [27-31]. Sau qué trinh hiéu chinh, sé Manning thu dugc dao dong tir 30-53
m*3/s.
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Hinh 4. So sanh dao dong muc nudc mo phong (SIM) va thuc do (OBS) thang 2/2020 tai cac tram.
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Bang 3. Két qua tinh toan céc chi tiéu danh gia mo hinh MIKE 21 HD.

Tham sb R? RMSE MAE NSE
Van téc dong chay tram S1 (m/s) 0,53 0,07 0,05 0,37
Hudng dong chay tram S1 (d6) 0,76 44,31 35,29 0,34
Muc nu6c tram S1 (m) 0,94 0,21 0,16 0,94
Muc nuéce tram An Thuan (m) 0,96 0,17 0,13 0,95
Muc nuéc tram Bén Trai (m) 0,95 0,18 0,14 0,95
Muc nuéc tram Binh Dai (m) 0,96 0,20 0,16 0,93
Muc nudc tram Tran Dé (m) 0,96 0,33 0,29 0,85
Muc nudc tram Vam Kénh (m) 0,96 0,16 0,12 0,96

Déi véi dong chay tai tram S1 phia ngoai Cira Pai cua séng Tién, két qua méd phong cho
thay tuong ddi phi hop véi dong chay thuc do (Hinh 5). Hé sé hiéu dung NSE c6 két qua lan
luot 12 0,37 va 0,34 (Bang 3). Diéu nay chung t6 rang két qua md phong c6 su chénh léch va
tinh chat phan tan cua chudi gia tri md hinh véi chudi s6 liéu thuc do 1a twong d6i phi hop.
Trong khi d6, chi sé xac dinh boi R? lan luot 13 0,53 va 0,76 d6i vai van téc va hudng dong
chay cho thay sy ph hop twong d6i c6 thé chap nhan duoc giita két qua mé hinh va thuc do.
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Hinh 5. So sanh van tbc (a) va hudng dong chay (b) mod phong (SIM) va thuc do (OBS) tai tram S1.
3.1.2. Kiém dinh mé hinh

Viéc kiém dinh mé hinh s lan truyén song dugc thuc hién théng qua viéc so sanh chiéu
cao s6ng va chu ky md phong voi dir lidu thuc do tai tram S2 nam ngoai khoi cira sdng C6
Chién va bd bién tinh Tra Vinh khoang 16 km vao thang 4/2020 (Hinh 6). Két qua so sanh
cho thay nhin chung xu thé cua chiéu cao va chu ky séng duoc tai tao tét véi lan luot R?=0,90
va R% =0,80. Mic du gié tri cia RMSE = 0,4 m va MAE = 0,34 m d6i véi chiéu cao song va
RMSE = 0,72 s va MAE = 0,53 s d6i v6i chu ky song 1a tuong ddi 16n (Bang 4), tuy vay
chdng van nam trong khoang hop ly [27-31].

Chiéu cao song tai tram S2 Chu ky song tai tram S2
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Hinh 6. So sanh chiéu cao (a) va chu ky song (b) md phong (SIM) va thuc do (OBS) tai tram S2.
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Bang 4. Két qua kiém dinh mé hinh séng MIKE 21 SW.

Tham sb R2 RMSE MAE NSE
Chiéu cao song Hs (m) 0,90 0,31 0,25 0,86
Chu ky séng Ty (5) 0,80 0,72 0,53 0,56

Déi vi md hinh thay luc MIKE 21 HD, viéc kiém dinh duoc tién hanh bang cach so
sanh myc nuéc va dong chay mo phong voi dir liéu quan tric vao thang 4/2020 (Hinh 7).
Ngoai ra, cac chi s6 R? dao dong 0,94-0,96 va NSE nam trong khoang 0,83-0,95 (Bang 5) da
khang dinh mot 1an nira vé kha ning ciia mé hinh trong viéc du doan bién dong muc nudc.
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Hinh 7. So sanh dao dong muc nudc md phong (SIM) va thuc do (OBS) vao thang 4/2020.
Bang 5. Két qua tinh toan céc chi tiéu kiém dinh mé hinh MIKE 21 HD.

Tham s R2 RMSE MAE NSE
Van téc dong chay tram S2 (m/s) 0,78 0,06 0,05 0,72
Huéng dong chay tram S2 (d6) 0,59 57,62 31,56 0,45
Muc nudc tram S2 (m) 0,96 0,40 0,37 0,83
Muc nuéce tram An Thuan (m) 0,95 0,17 0,11 0,95
Muc nuéc tram Bén Trai (m) 0,95 0,18 0,12 0,94
Muc nuéc tram Binh Dai (m) 0,95 0,19 0,13 0,94
Muc nuéc tram Tran Dé (m) 0,95 0,33 0,29 0,86
Muc nudc tram Vam Kénh (m) 0,94 0,20 0,14 0,93

Két qua md hinh van téc va huéng dong chay duoc so sanh véi dit liéu thuc do tai tram
S2 nhu thé hién trong Hinh 8. Nhin chung, ca van téc va huéng dong chay mé hinh ¢6 xu thé
khé tét so vai gia tri thue do véi R? = 0,59-0,78. Riéng dbi véi van toc dong chay, ca gia tri
RMSE va MAE déu nhé hon 0,1 m/s va nam trong ngudng phi hop xuét sic [27, 28, 29, 30,
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31]. Méc du huéng dong chay van ton tai sai s6 kha lon (RMSE = 57,62 d6 va MAE=31,56
d6), nhung chi so hiéu dung NSE = 0,45 van nam trong nguong hop ly va chap nhan duogc.
Vin toc dong chay tai tram S2

Van toc dong chay Obs [m/s]
Van téc dong Lhd) Sim [m/s]

Hudéng dong chay tai tram S2
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%360 Hl{(mg dong chay Obs [d¢ ]

2300) o 1 1
] |

> ,"1) 0000 0000  00:00 ° 00:00 00:00 00:00
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Hinh 8. So sanh van tbc (a) va hudng dong chay (b) méd phong (SIM) va thuc do (OBS) tai tram S2.
3.2. Anh huwéng ciia NBD dén truong séng

C6 su khac biét vé phan bd khdng gian cua truong chiéu cao song giira kich ban nén va
cac kich ban NBD, dic biét 12 & khu vuc 1an can cira sdng va ven bién. Nhin chung, chiéu cao
song c6 xu hudng tang 1én & tit ca cac diém trich xut (Hinh 9). Tuy nhién, mirc d6 ting chiéu
cao song la khac nhau gitra cac khu vuc trong vung nghién ctu. Cu thé, chiéu cao sc')ng téng
Ién rd rét & ving ven bién va cira séng; trong khi d6 thay d6i khong dang ké & ving ngoai
khoi khi NBD. Nguyén nhan chinh cua sy gia tang chiéu cao song nay cd thé 1a do d6 sau cua
nuée ting do NBD, din dén nhiéu con s6ng 16n duoc lan truyén va va gan bo. Néu muc nudc
bién dang 1én +0,14 m (SC1), chiéu cao song dao dong tir 0,20 m dén 0,46 m & ving ctra sdng
(tang tir 1,48% dén 5,09% so véi kich ban nén) (Hinh 9a), tir 1,15 m dén 1,69 m & céc ludng
tau vao cira song (tang tir 1,29% dén 2,58% so vai kich ban nén) (Hinh 9b) va tir 1,81 m dén
2,17 m & khu vuc ngoai khoi cua cé4c cira song (ting khong dang ké tir 0,07% dén 0,16% so
véi kich ban nén) (Hinh 9¢). Hai diém c6 chiéu cao song tang 16n nhét (trén 5%) 1a diém T4 &
ctra Tran D& va diém T19 ¢ cira Tiéu. Véi kich ban SC2 véi NBD +0,17 m, chiéu cao song
dao dong tir 0,21 m dén 0,47 m & ving cira song (tang tir 1,79% dén 6,21% so véi kich ban
nén) (Hinh 9a), tir 1,16 m dén 1,71 m & cac Iuong tau vao cira song (tang tir 1,56% dén 3,13%
so vai kich ban nen) (Hinh 9b) va tir 1,82 m dén 2,17 m & khu vuc ngoai khoi ciia cac cia
song (tang khong déng ké tir 0,09% dén 0,20% so vai kich ban nén) (Hinh 9c). Hai diém T4
va T19 van 1a hai diém c6 chiéu cao song ting nhiéu nhat (hon 6%).
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Hinh 9. Chiéu cao song trung binh tai mot sé diém quan tréic trong khu vic nghién cuu.
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Dudi su tac dong cua NBD +0,42 m trong kich ban SC3, séng cd chiéu cao 16n van tap
trung tiép can khu vuc ven bién tir cira C6 Chién dén cira Dai, dic biét 1a cira Ham Luéng.
NBD cao dot bién (so véi cac kich ban SC1 va SC2) ciing da lam cho chiéu cao cua séng ting
lén kha nhiéu va su khac biét tré I1&n r6 rang. Cu thé, chiéu cao song dao dong tir 0,22 m dén
0,50 m ¢ vung ctra song (tang tr 4,30% dén 15,86% so vai kich ban nén) (Hinh 9a), tir 1,19 m
dén 1,74 m & cac ludng tau vao cira song (tang tir 3,71% dén 7,53% so véi kich ban nén)
(Hinh 9b) va tir 1,82 m dén 2,17 m & khu vuc ngoai khoi ciia cac cira séng (ting khong dang
ké tir 0,21% dén 0,50% so véi kich ban nén) (Hinh 9¢). Ngoai ra, khi so sanh riéng giita kich
ban SC3 va SC2, muc nudc ting 1én gan 2,5 lan (+0,42 m va 0,17 m) ciing 1am cho suc khac
biét vé chiéu cao séng tang 1én véi ty 18 twong tng. Kich ban NBD cuc doan nhét xay ra &
khu vire nghién ctru 1a kich ban SC4. Séng I6n tiép truc lan truyén va tham nhap sau vao trong
cac cira song. Viéc so sanh chiéu cao song vai kich ban nén da tiét 16 rang chiéu cao séng
tang tir 5,83% dén 22,25% & ving cira séng (Hinh 9a), tiang tir 5,00% dén 10,21% & cac ludng
tau vao cira séng (Hinh 9b) va tang khong dang ké tir 0,30% dén 0,69% & khu vuc ngoai khoi
cuia cac ctra sdng (Hinh 9¢). Néu so sanh riéng giita kich ban SC4 véi SC2 twong (g véi muc
nude tang 1én gan 3,5 lan, chiéu cao séng ciing tang 1én twong tng khoang 3,5 lan.

3.3. Anh hwéng ciia NBD dén truwong dong chay

Két qua mo hinh hoa cho thay sy phan bd khong gian caa van téc dong chay ciing nhu tai
cac diém quan trac trong khu vyuc nghién ciu ¢6 su khac nhau giira cac kich ban dugc tinh
toan c6 xét dén NBD. Khi triéu 18n ¢ kich ban SC1, d& dang thay rang xu thé van téc dong
chay ciing khac nhau rat nhiéu. Néu so sanh véi kich ban nén (SCO0), cac diém trén séng Hau
(T1-T3) va song Co Chién (T6-7) c6 van toc tang Ién tir 1-2 cm/s khi NBD (Hinh 10a). Trong
khi @6, van tdc dong chay cac diém trén song Ham Ludng (T10-12) va song Tién (T14-16) c6
xu huéng giam 0,5-2 cm/s (Hinh 10a). Déi véi cac diém & cira song (T4, 5, 8, 9, 13, 18, 19)
va ludng tau (T20-25), van toc dong chay khi triéu 1én va NBD (SC1) c6 kha nang giam, nho
hon 0,5-3 cm/s so vai kich ban nén (Hinh 10b va Hinh 10c). Van téc dong chay tai cac diém
ngoai khoi (T26-30) kha twong dong giita kich ban nén va kich ban NBD (SC1) (Hinh 10d).
Khi triéu rat va NBD 14 cm, van toc dong chay tai cac diém bén trong céc séng (T1-T3, T6-
T7, T10-T12, T15-T17) va ctra song (T4-5, T8-9, T13, T18-19) c6 xu thé gidng nhau va c6 xu
huong tang 1én khi NBD (khoang 0,5-2 cm/s) (Hinh 11a va Hinh 11b). Trai ngugc xu thé
tadng van toc & trong sbng va ctra sdng, van toc dong chay tai cac diém trén IUOng tau vao cura
s6ng (T20-M25) thap hon rd rét so véi kich ban nén (nhé hon 2—4 cm/s) (Hinh 11c). Van toc
dong chay tai cac diém ngoai khoi (T26-T30) khdng khac biét dang ké gitra cac kich ban
(Hinh 11d).

Néu myc nudc bién ting thém 17 cm theo kich ban RCP 8.5 (SC2) so véi mia khd thang
2/2020, xu thé cua van toc dong chay ciing tuong ty nhu kich ban SC1. Khi triéu Ién, cac
diém trén sdng Hau (T1-T3) va sdng C6 Chién (T6-7) ¢6 van toc tang 1én tir 0,3-3 cm/s SO Vi
kich ban géc va tir 0,5-1 cm/s so véi kich ban SC1 (Hinh 10a). Trai nguoc lai, van toc dong
chay cac diém trén sdng Ham Ludng (T10- 12) va song Tién (T14- 16) twong dong véi kich
ban SC1 va giam 0,5-2 cm/s so véi kich ban nén (a). Bi voi cac diém & cira song, van téc
dong chay duoc ghi nhan tang nhe (0,11 cm/s) tai cac diém & cira song Hau (T4-T5) va giam
rd rét khoang 0,5-4 cm/s tai cac diém & cac ctra séng khac (T8-9, T13, T18-19) khi so sanh
vé6i kich ban nén (Hinh 10b). Van téc dong chay cua cac diém trén ludng tau ngoai cira song
(T20-T25) va cac diém ngoai khoi (T26-T30) khong c6 sy khac biét dang ké so véi kich ban
SC1 (Hinh 10c, d). Khi chiéu rat, van toc dong chay tai cac diém Ltrong vung nghién cuu gan
nhu khong thay ddi so véi kich ban SC1, ngoai trir cac diém & ludng tau ngoai cira séng. Tai
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céc diém nay (T20-T25), xu thé giam nhe (khoang 0,5-1 cm/s) ciia van toc dong chay so voi
kich ban SC1 tiép tuc duoc ghi nhan (Hinh 11c).
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Hinh 10. Van téc dong chay trung binh tai mot sé diém quan tric khi triéu Ién.

Cac xu thé thay d6i cua van téc dong chay & khu vuc nghién ciru duoc lam sang to hon
khi NBD 16n hon vao nam 2100. Khi triéu 1én két hop véi NBD 42 cm (SC3), vén téc dong
chay tai cac diém trong song déu co sy khac biét rd rét so véi kich ban SC1 va SC2 (Hinh
10a). Cu thé, van tc dong chay & cac diém trén séng Hau (T1-T3) tiép tuc c6 xu thé ting tir
2-7 cm/s so véi kich ban nén va 1-4 cm/s so véi kich ban SC2. Cac diém trén séng C6 Chién
(T6-T7) ciing ting nhe so vai kich ban SC2. Nguoc lai, cac diém trén sdng Ham Ludng (T10-
T12) va séng Tién (T14-T17) c6 van téc giam tir 1-4 cm/s so véi kich ban nén va 0,5-3 cm/s
s0 vai kich ban SC2 (Hinh 10b). Tai cac cira song, phan Ion cac diém déu giam tuong ddi 16n
so véi kich ban nén, ngoai trir diém T5 trén cira Pinh An thi ting nhe. Cac diém trén cira séng
giam tir 0,2-12 cm/s so véi kich ban nén va khoang 1-8 cm/s so véi kich ban SC2. Trong khi
d6, cac diém ngoai cira sdng (trén ludng vao va ngoai khoi) c6 thay d6i rét it so véi kich ban
SC1 va SC2 (Hinh 10c, d). Véi kich ban NBD 42 c¢m cuing véi thoi diém triéu rdt vao thang
2/2100 (SC3), van téc dong chay tai cac diém trong cac séng c6 xu thé ting & hau hét cac
diém twong tu nhu cac kich ban SC1 va SC2, nhung gié tri cao hon tir 1-2 cm/s so véi kich
ban SC2 (Hinh 11a). Xu thé ting cua van tc dong chay ciing duoc quan sét thdy ¢ cac cira
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song. Toc do tang 16n nhét khoang 4 cm/s xay ra ¢ diém T4 cua cira Tran Bé (Hinh 11b). Tréi
nguoc hoan toan véi cac diém trong sbng va ctra song, cac diém ¢ Iuong tau ngoal ctra song
c6 van téc giam rd rét khi NBD Ién 42 cm. Cu thé, van téc dong chay o nhitng diém nay giam
tir 4-11 cm/s (Hinh 11c). Trong khi dé, cac diém ngoai khoi ¢ van téc dong chay tuong dong
véi kich ban nén (SCO) ciing nhu cac kich ban thang 2/2050.
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Hinh 11. Van téc dong chay trung binh tai mot sé diém quan tric khi triéu rat.

Truong van téc dong chay ¢ khu vic nghién ciru trong kich ban cuc doan nhat (NBD 58
cm két hop véi triéu cuong) cho thay rang van toc dong chay tiép tuc ting 1én ¢ cac diém trén
séng Hau (T1-T3) va song Co Chién (T6-T7) tir 1-9 cm/s so véi kich ban nén va 0,2-2 cm/s
s0 vai kich ban SC3. Trong khi d6, xu thé giam van tdc dong chay khi myc nuéce bién ting 1én
lai dwoc ghi nhan ddi véi cac diém trén séng Ham Ludng (T10-T12) va trén song Tién (T14-
T17). Van téc caa cac diém nay giam khoang 1-6 cm/s so véi kich ban nén va 0,1-2 cm/s so
véi kich ban SC3. Piém duy nhat trén 'song Tién duy tri xu thé tang cta van téc dong chdy la
diém T14 (Hinh 10a). Dbi véi cac diém & cura sdng, ludng tau va ngoai khoi, van téc dong
chay gan nhu khong khac biét nhiéu so voi kich ban SC3, mic di muc nude ting thém 16 cm
so véi kich ban nay (Hinh 10b,c,d). Tuy nhién, khi NBD 1én 58 cm vao nim 2100 va triéu rit,
sy gia ting van toc dong chay 1a xu thé chinh ddi véi cac diém trén song va cira sdng. Van toc
cac diém nay tang lén tir 0,5-5 cm/s so vei kich ban nén (Hinh 11a,b). Tuy nhién, ddi véi cac
diém ngoai cura song, bao gom cac diém trén ludng tau va cac diém ngoai khoi, van téc dong
chay gan nhu khong thay dbi so véi kich ban SC3 (Hinh 11c,d).
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4. KET LUAN

Ché d6 thuy dong luc hoc cua khu vuc ha luu dong bang séng Ciru Long duoc du doan
dwa trén bdn kich ban dwoc hinh thanh tir gia tri muc nuéc bién dang theo kich ban bién doi
khi hau (RCP 4.5 va RCP 8.5) vao nim 2050 va 2100. Két qua so sanh giira kich ban nén
(thdng 2/2020) va 04 kich ban muc nuéc bién dang di cho ta thiy bac tranh téng thé vé sy
bién doi cua ché dong thuy dong lec (song va dong chay) & khu vuc nghién ciru vao mua kho
c6 thé xay ra trong tuong lai. Dic biét & hai kich ban cudi cho thiy ring su gia tang chiéu cao
s6ng (khoang 5%-23%) ciing nhu van téc dong chay (khoang 4,5-9 cm/s) khi triéu rat dién ra
& trén hau hét cac nhanh song. Ngoai ra, dé danh gia mot cach toan dién vé tinh trang bién doi
thuy dong luc hoc & ha luu ddng bang song Curu Long dudi tac dong cua bién d6i khi hau, su
suy giam luu lugng ¢ thuong nguon, su Xuit hién cua cac cong trinh chinh tri va qué trinh
xam nhap min can dugc ké dén trong céc kich ban mé phong trong nghién cau tiép theo.

LOI CAM ON

Nghién ctru nay dugc hd tro bdi B6 Gido duc va dao tao trong dé tai ma sb
CT.2022.01.XDA.04, tén 1a “Nghién ciru phwong phap danh gia rii ro xam nhdp man co xét
toi anh hwong cua bién doi khi hgu”. Cac tac gia xin chan thanh cdm on su ho tro nay.
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