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Tém tit: Tién Giang la tinh thuoc ving dong bang séng Ctru Long (PBSCL), 14 ha ngudn
séng Mé Cong co 2 cira song chay ra bién nén thuong xuyén chiu tic dong nang tir hién
tugng xam nhap min (XMN). Bai bao 4p dung mé hinh Mike 11-AD két hop cong cu GIS
trong viéc md phong mirc d6 XNM trén hé thong song tinh Tién Giang theo cac kich ban
bién d6i khi hau — nude bién dang (BDKH-NBD). Két qua mé phong d6 min theo cac kich
ban cho thay dién bién man trén cc song trong twong tai c6 xu hudng xam nhap séu vao
ndi déng. Dudi tac dong cia BPKH - NBD, min c¢6 xu thé an sau vao dat lién. Kich ban
RCP4.5, min 1% c6 kha ning an sau vao 60-80 km, man 2% sap si 55 km, man >4%qo
sdp si 25 km. Kich ban RCP8.5, min 1%00 ¢6 kha ning an sau vao 75-85 km, min 2%o0 sap
si 60-80 km, man > 4% sdp si 45-55 km.

Tir khéa: MIKE11; Xam nhap man; Bién doi khi hau; Tinh Tién Giang.

1. Giéi thi¢u

XNM la hién twong nwde man tur bién tran vao dét lién qua ctra song, he thng song rach,
kénh muong va gy nhiém mdn ngudn nudc va dat dai chuyen tiép giira song va bién, ciing
12 mot loai hinh thién tai ddng quan tAm tai nudc ta. Tinh Tién Giang c6 vi tri dia Iy thudc
ving DBSCL, tiép giap bién Pong véi chiéu dai 40,2 km. Tinh Tién Giang d trai qua nhiéu
anh hudng nghiém trong trong cap nudc sinh hoat, ndng nghiép 1a vao mua kh, luong nudc
tir thuong ngudn d6 vé suy giam 16n cung v6i dudi anh hudng ctia hudng gié manh day nude
bién 14n sau vao ndi déng nhu nam 2011, 2016, 2017, 2020,....

Vao nhiing thap nién 70, bat dau xuat hién phuong trinh 3D dién toan qua trinh XNM
[1-2]. Tuy nhién, yéu cau vé sé liéu va tinh toan 1a vo cung 16n, cong tac kiém tra danh gia
cling gap kho khan khi yéu cau vé dir liéu rat nhleu Véi thyc trang day, [3] da don gian hoa
bang cach két hop giita 1D - dap tng cac yéu ciu vé bai toan trong thuc té - va 2D.

Tai Viét Nam, [4] thuc hién du 4n xac dinh ranh mén theo phuong phéap thong ké dir licu
tai 9 ving ctra song PBSCL. Vi sy phét trién khoa hoc cong nghé, B Tai nguyén va moi
trurong, Vién Khi tuong Thuy van va BDKH [5] da xay dung dugc kich ban BDKH dén nam
2050 dudi tac dong nhiéu yéu t6 dong thoi dua ra cac giai phap thich tng véi BDKH va
NBD. Ngoai ra, nhitng nam gan dy nhiéu dy 4n, cong trinh da phan tich dugc cac yéu td
chinh dan dén XMN tai ciing PBSCL, d6ng thoi du bdo XNM tai nhiéu vi tri trén song chinh
theo ting thoi ky [6-11].

Tu nhig két qua nghién ctru dat dugc clia cac nha khoa hoc, [12] da danh gia thyc trang
XMN tinh Bén Tre vao cac ndm 2010 va 2016 va mo phong dién bién min 16n nhét theo kich
ban BDKH dén nim 2050. Pang Hoang Lam va nhom nghién ctru d xay dung phuong an
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du bao XNM ép dung tai Dai khi twong thuy vin tinh Bén Tre gép phan hoan thién ban tin
du bao XNM thoi han 10 ngay va thoi han thang [13].

Nghién ctru ndy danh gia mic do xadm nhap man tinh Tién Giang dugc gioi han trén tr
doan song Cau M¥§ Thuan dén gi61 han dudi ctrara la cira Tiéu trén dia ban tinh Tién Giang,
ap dung s6 liéu man nam 2016, nim 2020 mé phong XNM véi kich ban BDKH RCP4.5,
RCP8.5 dén nam 2030.

2. S6 liéu sir dung va phwong phap nghién ctru

2.1. Khu vue nghién ciru

Tinh Tién Giang trai dai tir 105049°07” dén 10604806 kinh d6 Dong va ¢ bo phéi song
Tién v6i chiéu dai trén 120 km, Tién Giang c6 dién tich tu nhién 13 2.556,4 km?, chiém
khoang 6% dién tich tu nhién vimg DPBSCL [14]. Dia hinh trong d6i bang phang v6i d6 doc
nho hon 1% va cao trinh mat dat dao dong tir 0,30-1,60 m so véi mbc Hon Dau. Nhiét do
trung binh thang tai tram My Tho giai doan 1980-2020 dao dong tir 24,8-28,6°C, thang IV la
néng nhét. Nguoc lai, téng luong bdc hoi lai co su khéc biét rd rét gitra cac thang trong nam.
Téng lugng mua binh quan nim cua tinh dat tir 1.295,3-1.525,6 mm, lugng mua tap trung tir
thang V-XI va cao nhat tai thang VIII-X v6i luong mua trung binh khoang 150,1-297,2 mm.
Trong nam, triéu cao nhat thuong xuat hién vao thang XII-I nim sau, muc nude dinh tridu
trung binh khoang +1,3 m dén +1,4 m. Mua phan b khong déu theo khong gian két hop véi
thoi doan mua gop phan tao nén hién tuong XNM nghlem trong trén dia ban tinh [15]
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Hinh 1. Ban d6 hanh chinh tinh Tién Giang.

Tai tram Vam Kénh, trudc nam 2010 d§ man quanh nam 16n hon 4 g/l, thang 1X va X
d6 man dao dong tir 2,5-4,0 g/l, cao nhit dao dong tir 20-25 g/ xuat hién vao thang IV hang
nam. Tuy nhién tir 2014 dén 2020, d6 man c6 xu hudng gia tang, dac biét 1a mua kho, do
man trung binh dao dong tir 10-20 g/l.

2.2. Gidi thiéu vé mé hinh MIKE 11

Véi trinh do phat trién nhu hién nay, XNM duoc nghién ctru va danh gia muc do xam
nhap qua nhiéu loai mé hinh, trong nghién ctru nay, két qua tinh toan mé phong duoc p dung
bang mo hinh MIKE 11 (HD, AD) - dugc nghién ciru va phat trién béi Vién thuy luc Pan
Mach - phuong trinh Saint Venant 1D dugc su dung trong mo hinh nay [21-22].

Phuong trinh lién tuc:
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Phuong trinh dong lugng:
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Trong do6 Q la luu luong (m%/s); A la dién tich mét cit (m?); q 1a Tuu luong nhép luu trén
mot don vi chiéu dai doc song ‘(mz/s); Clahéso Chezy,; o lérhé SO sfraqchfra dong ll;qng; R
1a ban kinh thuy lyc (m); C la ndng d6 (kg/m®); D 12 hé s6 khuéch tan. bé danh gia chat luong
50 sanh keét qué} hi¢u chinh mo hinh, nghién ctru da st dung 03 chi s6 NSE, RSR va PBIAS
de danh gia chat lugng tinh todn va thyc do [23-26], dugc tinh toan theo cac cong thuc (4).
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RMSE _ \/Z?:l(XiTD_XiTT)Z

STDEV,ps -
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Trong gi(') XTD la gi4 tri thuc do; XTD 1a gia tri trung binh thuc do, XTT 1a gia tri tinh
toan, n la so lugng gia tri thuc do.

RSR =

Bang 1. Tiéu chi danh gia chét luong céc chi sb.

Xép loai NSE RSR PBIAS (%)

Rét tbt 0,75<NSE<1 0<RSR<0,5 PBIAS < +10

Tét 0,65 < NSE <0,75 0,5<RSR<0,6 +10 < PBIAS < #15
Dat yéu cu 0,5 < NSE <0,65 0,6 <RSR<0,7 +15 < PBIAS < 25
Khéng dat NSE <0,5 RSR > 0,7 PBIAS > +25

2.3. 86 liéu sir dung

S6 liéu ding dé phuc vu nghién ctru tinh toan mé phong thuy lyc (MIKE 11HD) 14 s6
li¢u thoi doan gio nhu sau:

- Bién luu lugng nudce: Tram My Thuan.

- Bién dudi muc nudc: Tram Vam Kénh va tram Binh Dai.

- Hiéu chinh va kiém dinh thuy luc: Tram MY Tho va Hoa Binh.

- Thoi gian hiéu chinh tir 01/1/2016 dén 31/X11/20186.

- Thoi gian kiém dinh tir 01/1/2020 dén 31/X11/2020.

S liéu dung dé phuc vu nghién ctru tinh toan lan truyén man (MIKE 11AD) 1a s liéu
thoi doan gid nhu sau:

- Bién man tai tram Vam Kénh, Binh Dai.

- Hiéu chinh, kiém dinh tai tram My Tho va Hoa Binh.

- Thoi gian hiéu chinh tir 01/1/2016 dén 30/VI/2016.

- Thoi gian kiém dinh tir 01/1/2020 dén 30/V1/2020.
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Hinh 2. So d0 khdi nghién ciru lan truyén man.
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2.4. Thiét ldp mé hinh

Hé théng mang ludi thuy luc ciia mé hinh duoc thiét 1ap trong mo hinh MIKE 11 véi 01
bién luu lugng phia thugng luu - tram My Thuan va 02 bién myuc nudc tai phia ha luu tai
tram Vam Kénh va Binh Pai. Dé phuc vu tinh todn mé phong, nghién ctru ndy di s dung
142 mit cit dai hinh trén song Tién Giang, song Cira Tiéu, song Ctra Dai dé thiét lap so do
thuy luc trong mo6 hinh MIKE 11 [27] (Hinh 3).

Hinh 3. Mot s6 mit cét trong mo hinh MIKE 11.

2.5. Kich ban bién doi khi hdu

Nghién ctru 4p dung kich ban BDKH RCP4.5 va RCP8.5 véi thay doi ciia yéu té NBD
d6i v&i khu vire nghién ctru theo kich ban BPKH nam 2020 ctia Bo Tai nguyén va Mai truong
da dua ra cai nhin tudng tan vé sy thay doi trong thé ky XXI tai Viét Nam. Tién Giang ndm
trong khu vuc Miii Ké Ga - Miii Ca Mau, gia tri nudc bién dang theo kich ban RCP4.5 vao
nam 2030 14 7-17 cm va gia tri myc nudc bién dang dugc chon dung dé mé phong 1a 12 cm.
Gia tri nude bién dang theo Kich ban RCP8.5 ndm 2030 1a 10-18 cm va gia tri myc nudc
bién dang duoc chon dung dé mo phong 1a 14 cm [28].

3. Két qua va thao luin

3.1. Hiéu chinh va kiém dinh mé hinh thuy lyc

Qua trinh hi¢u chinh va kiém dinh mé hinh thuy luc st dung chudi s6 liéu thuc do trong
thoi gian nam 2016 va 2020 tai hai tram Hoa Binh va My Tho dé so sanh gitra s6 liéu thuc
do va tinh toan, m6 phong tir mé hinh. Két qua danh gia vao thang IV nam 2016 va nam 2020
chi s6 Nash dao dong tir 0,89-0,94 va hé sb twong quan R? dao dong tir 0,90-0,97 dat két qua
t6t. Két qua mo hinh cho thdy bo thong s6 c6 thé p dung cho qua trinh tinh toan XNM.
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Hinh 4. Két qua hiéu chinh H tinh toan va thyc do thang IV/2016 tai tram (a) My Tho, (b) Hoa Binh.
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Hinh 5. Két qua kiém dinh H tinh toan va thuc do thang IV/2016 tai tram (a) My Tho, (b) Hoa Binh.

Bang 2. Két qua dénh gia sai s6 hi¢u chinh va kiém dinh mé hinh thuy luc.

Qué trinh Niam Chi tiéu Hoa Binh MY Tho Danh gia
N Nash 0,90 0,95 Rat t6t

Hiéu chinh IV/2016 R 0.92 0.97 Rttt
g Nash 0,89 0,94 Rat t6t

Kiém dinh 1V/2020 R 0.90 0.96 Rét tot

3.2. Hiéu chinh va kiém dinh mé hinh truyén tdi - khuéch tan

Sau khi hi¢u chinh va kiém dinh mo hinh thuy luc, b thong sd tim duoc tiép tuc sir dung
dé mo phong tinh toan qua trinh truyén tai khuéch tan trong song. Nghién ctru sir dung s6
liéu quan tric man thoi ky mua kiét trong hai nam 2016 va 2020 dé phuc vu cho qua trinh
hiéu chinh va kiém dinh m6 hinh. Két qua hiéu chinh va kiém dinh giita s6 liéu tinh toan va
thuc do do min 16n nhét tai tram My Tho. Két qué danh gia hi¢u chinh va kiém dinh dat két
qua tot, vy nén, bo thong sé HD va AD duoc st dung dé mé phong cho céac kich ban BBKH
RCP4.5 va RCP8.5.
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Hinh 6. Két qua (a) hi¢u chinh, (b) kiém dinh d6 man tinh toan va thyc do tai tram My Tho thoi ky
mua kiét nam 2016 va 2020.
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Bing 3. Két qua dénh gia sai s6 hiéu chinh va kiém dinh mé hinh truyén tai khuéch tan.

Qua trinh Nim Chi tiéu My Tho DPanh gia
Nash 0,67 Tt

Hiéu chinh 1-V1/2016 RSR 0,55 Tét
PBIAS 12,3 Tbt
Nash 0,72 Tt

Kiém dinh 1-V1/2020 RSR 0,58 Tt
PBIAS 13,7 Tt

3.3. Két qud mé phéng XNM theo kich ban BDKH
Két qua mé phong duoc trinh bay chi tiét & bang 4, hinh 7-8.
Bang 4. Két qua mo phong vi tri cac ranh min theo kich ban RCP4.5 va RCP8.5 nam 2030.

Kich bén D min Khodng cach Dia danh bi 4nh hwéng (huyén, xa)
X4 Song Thudn, Long Hung, Vinh Kim, Binh Trung, Ban
1%00 60-80 km Long - huyén Chau Thanh.
RCP4.5 Xa Ngii Hi€p, Tan Phong - huyén Cai Lay
2%00 55 km X3 Binh Prc - huyén Chau Thanh
> 4%00 25 km X4 Vinh Hyu, Long Vinh - huyén Go Cong Tay
0 Xa Tam Binh, My Long, Long Tién, Binh Phu — huyén
1°/00 78-80 km Cai Lay
X4 Song Thuan, Long Hung, Vinh Kim, Binh Trung, Ban
0
RCP8.5 2°l00 60-68 km Long, Kim Son, Pht Phong - huyén Chau Thanh.
Xa Ngii Hiép, Tan Phong - huyén Cai Lay.
a u’\ 0 9 2 i 9 i i - u ’: v . .
Xa Xuan DBong, Hoa Pinh, Binh Ninh - huyén Chg Gao
> 40/00 45-55 km Xa Théi Son, xa Tay My Chanh, P. Tan Long, P1, P9 -
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Hinh 7. Két qua (a) Puong qua trinh dién bién man nam 2020 tai cac tram; (b) Phan b nong do man
16n nhat tai tram My Tho va Hoa Binh theo kich ban BDKH RCP 4.5 va RCP 8.5; (c), (d), (e) va (f)
Biéu dd so sanh man thyc do va tinh toan tram My Tho va tram Hoa Binh nam 2030 theo kich ban
BDBKH RCP4.5 va RCP8.5.
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Két qua mo phong céc kich ban BPKH va NBD dén nim 2030 cho thdy kha ning min
theo dong chay muc nudc bién ting cao vao siu trong dat 1ién qua cac nim hoan toan cé thé
xay ra véi cuong do 16n. B man anh hudng dén khu vye nghién ciru khong chi thay ddi theo
thoi gian ma theo khong gian. Nghién ctru tién hanh nghién ctru danh _gia mirc do XNM vao
ndi dong tai cac khoang: < 1%o0, 1%00 - 2°/00, 2%00 - 4°/00 v >4% o, két qua cho ta thy ring
trong diéu kién bién d6i khi hau hién nay va ca trong twong lai, man co thé xuat hién sém,
14n sau va lan rong la diéu kho dy doan trude dugc. Mic do chi s6 min trén 4%g d3 14n sau
vao toan bd khu vuc tinh Tién Giang va c6 thé gay nhing thiét hai to 16n déi véi nguoi dan
trén dia ban tinh.
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Hinh 8. Ban d6 ranh mén 16n nhat theo kich ban BDKH (a) RCP4.5, (b) RCP8.5 dén nam 2030.

- D06 min > 4%, chiéu sdu man xam nhap c6 sy khéc bi¢t o rét gitra 2 kich ban, RCP4.5
khoang 25km anh hudng t&i 1 phan huyén Chg Gao, RCP8.5 khoang 45-55 km anh hudng
t5i 1 phan huyén Chau Thanh doc song Tién.

- D6 min 2%y - 4%0, KB RCP4.5 khoang 30 km anh hudng tir huyén Chg Gao dén
huyén Chau Thanh, RCP8.5 khoang 13-15km anh hudng tir huyén Chau Thanh dén 1 phan
huyén Cai Lay.

- D6 min 1% - 2%00, KB RCP4.5 khoang 5-25 km anh hudng tir huyén Chau Thanh dén
huyén huyén Cai Lay, RCP8.5 khoang 12 km anh hudng tir huyén Cai Lay dén 1 phan huyén
Cai Be.

Qua cac két qua danh gia va mo phong man trén hé théng song tinh Tién Giang, nhan
thdy rang hién twong XNM s€ dién ra ngay cang phuc tap va tién sau hon vao ndi déng. Anh
huong nghiém trong dén nguon nudc cap cho nha may nudc Binh Duc va Pong Tam, dan
dén tinh trang thiéu ngudn nudc cap cho sinh hoat ctia cic hd dan thudc cic huyén Chau
Thanh, TP. M§ Tho va cac huyén giap bién Dong.
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4. Két luan

Nghién ctru da img dung mo hinh toan MIKE11 1D trong viéc mo phdong, tinh toan va
danh gia mic @6 XNM trén hé thong song tinh Tién Giang. Két qua hiéu chinh va kiém
nghiém mé hinh HD va AD déu dat két qua tét, cho thay rang bo thong s co thé dung dé mo
phong céc kich ban bat thudng cé thé xay ra trong tuong lai. Bén canh do, nghién ciru ciing
da ap dung cong cu vién tham thanh 14p ban d6 ranh min 1%, 2%00, va 4%00 theo cac kich
ban BDKH. Nghién ctru chi méi ding lai ¢ viéc mo phong, tinh toan trén dong song chinh
song Tién tai tinh Tién Giang, ma chua xem xét dén sy suy giam luu luong nudc tir thuong
luu, sy nhép luu khu gitra va cting nhu anh hudng cta cac cong trinh/ dy an tai tinh. Vi vy,
viéc dua céc diéu kién vao mé hinh s& gitip két qua tinh toan, mé phong dat chit luong cao.

Déng gbp cia tac gia: Xay dung y twong nghién cau: C.T.V.; Xt ly s6 lieu: N.H.T., N.T.K;;
Viét ban thao bai bao: N.H.T.; Chinh stra bai bao: C.T.V.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctu cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trudce day;
khodng co su tranh chap lgi ich trong nhom téc gia.
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Modeling and Assessing the Salinity Intrusion Level in the River
System of Tién Giang Province in the Context of Climate Change
and Rising Sea Levels

Nguyen Huu Tuan!, Nguyen Trong Khanh?!, Can Thu Van*
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Abstract: Tien Giang is a province located in the Mekong Delta region, where the Mekong
River originates and has two river mouths flowing into the sea, making it frequently
vulnerable to the phenomenon of saltwater intrusion (SWI). This article applies the Mike
11-AD model in conjunction with GIS tools to simulate the level of SWI in the river system
of Tién Giang province under the conditions of the RCP4.5 and RCP8.5 climate change
scenarios. The results of hydraulic model calibration and validation indicate a high degree
of similarity in phase and amplitude of water level oscillations between calculated and
measured data during the dry seasons of 2016 and 2020. The simulation results of salinity
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levels under various climate change scenarios and sea-level rise (SLR) scenarios reveal a
trend of increased salinity intrusion into the inland areas of the rivers. Under the influence
of climate change and sea-level rise, there is a tendency for saltwater to penetrate deeper
into the interior. In the RCP4.5 scenario, SWI with a salinity of 1% has the potential to
intrude up to 60-80 km, while 2%, salinity approaches approximately 55 km, and salinity
levels > 4%q0 encroach to around 25 km. In the RCP8.5 scenario, SWI with a salinity of 1%o
is capable of advancing up to 75-85 km inland, 2% salinity reaches approximately 60-80
km, and salinity levels > 4% extend to around 45-55 km.

Keywords: MIKE11; Saline Intrusion; Climate Change; Tien Giang Province.



