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UNG DUNG MO HINH MIKE 11 MO PHONG VA
TINH TOAN XAM NHAP MAN CHO KHU VUC NAM BQ

Doan Quang Tri
Trung tam Dy bao khi tugng thuy van Trung wong

chay vung ha luu song Cuu Long va tinh toan qua trinh xam nhdp man cho khu viuc

Nghién cibu da vng dung mé hinh MIKE 11 két hop véi MIKE-GIS dé mé phong dong

Nam Bé. Két qua hiéu chinh va kiém dinh mé hinh thuy lwc MIKE 11 chi ra sy tuong
dong vé pha va bién dg dao dong giita myc miwde tinh todn va thwc do trong mia khé nam 2014 -
2015 va 2015 - 2016. Két qua tinh todn qud trinh xdm nhdp mén trong séng két hop véi ban do sé
dé cao DEM trong MIKE-GIS phit hop voi thuc té. Cdc két qud nghién cieu cho thdy bé mé hinh cé
kha néng iing dung hiéu qua phuc vu tot cho cong tac dw bdo dong chdy va xam nhdp man tai Trung

tam Dy bao khi twong thuy van Trung wong.

Twr khoa: Xam nhdp man, Nam Bo, MIKE 11, MIKE-GIS.

1. Mé dau

Tac dong cua bién doi khi hau (BDKH) t6i ha
lwu s6ng bao gom su gia ting hién tuong ngap
lut khu vuc ha luu do nuée bién dang, giam dién
tich cac khu ngap nudc va ddy manh qua trinh
xam nhap man. Do tinh chét quan trong cua hi¢n
twgng xam nhap man co lién quan dén hoat dong
kinh té - xa hoi cua nhiéu qudc gia nén van dé
tinh toan va nghién ctru da dugc dat ra tur lau [1,
2, 3]. Cac phuong phép co ban dugc thuc hién
bao gdm: thyc nghiém (dua trén sé liéu quan
tric) va md phong qua trinh bang cac mé hinh
toan. Cac phuong phdp tinh toan xam nhap man
dau tién thudng st dung bai toan mot chiéu khi
két hop v6i hé phuong trinh Saint - Venant.
Nhitng m6é hinh man mat chiéu d3 duoc xay
dung boi nhiéu tac gia [4]. Gia thiét co ban cua
cac mo hinh nay 1 su phan bd dong chay va do
man dong nht trén mat cit ngang. Mic du didu
nay khé gap trong thuc té nhung két qua ap dung
md hinh lai c6 sy phit hop kha tt, dap Gmg duoc
nhiéu muc dich nghién ctru va tinh toan man. Uu
thé dic biét cia cac mo hinh loai mot chiéu l1a
yéu cau tai liéu vira phai va nhiéu tai liéu da co
san trong thuc té. Leendertee (1971) [5] da xay
dung cac mo hinh hai chiéu va mot chiéu trong
d6 m6 hinh mot chiéu c6 nhiéu wu thé trong vi¢c
giai cac bai toan phuc vu yéu cau thuc té tot hon.
Céc nha khoa hoc ciing thong nhat nhan dinh

réng, cac md hinh mot chiéu thuong hiru hi¢u
hon cac mé hinh hai chiéu trén cac song don.
Chung c6 thé ap dung cho cac ving cira song co
dia hinh phirc tap gdm nhiéu séng, kénh ndi véi
nhau véi cdu trac bat ky.

Hién tai cong tac canh bao, du bao xam nhap
man cho cac hé thong song van ludn 1a mot van
dé thach thirc v6i nhitng ngudi lam trong linh
vuc nay, ddc biét 1a dy bao cho céc vi tri ctira
song ven bién. Kho khin nay c6 rat nhiéu
nguyén nhan nhu: thiéu s6 liéu dia hinh chi tiét
O cac cua song, s6 liéu do man tai cac vi tri cira
song, hodc co s6 liéu nhung khong dugc cap nhat
thuong xuyén tai vi tri cac tram do. Vi vy, cac
md hinh thuong khong dap ung dugc trong cong
tac du bao xam nhap man ma chi dung lai & muc
xay dung cac kich ban tuong lai dé canh bao,dy
bao xam nhdp man. Muc dich cia nghién ctru
nay la: (1) Ung dung mé hinh thay lyc MIKE 11
mo phong qua trinh dién toan dong chay & khu
vuc ha luu khu viue Nam Bo; (2) Két hop mo
hinh toan thuy luc trong song (MIKE 11) va mo
hinh MIKE-GIS trong viéc tinh toan, mé phong
qua trinh dién toan min vung cira song ven bién
dang 1a mot huéng méi nham nang cao chat
lugng du bao man cho cac khu vyc vung cua
song ven bién khu vye Nam Bo. So dd mé phong
va tinh toan qua trinh xam nhap man ¢ khu vuc
nghién ctru dugc thé hién trong hinh 1.
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Hinh 1. So do qud trinh mé phong, tinh todn
xam nhdp man khu vic nghién cuu

2. Phwong phap nghién ctru va tai li¢u thu
thap

2.1. Tong quan khu vwe nghién ciru

Luu vuc song Mé Kong co tong dién tich
795,000 km? trong d6 phan ndm trén lanh thd cia
bdn qubc gia Thai Lan, Lao, Campuchia va Viét
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Nam 1a khu vuc ha luu, chiém trén 77%. Mé
Kong 1a con song dai thir 12 trén thé gidi va 16n
thir 10 vé tong lwong dong chay (hang nam dat
khoang 475 ty m®, luu lugng trung binh khoang
15.000 m?/s). Song Mé Kong la song chinh va
cling 1a ngudn cép nudc ngot chinh cia dong
bang séng Cuu Long (PBSCL), sau ngi tu
Phnompenh, séng chia thanh 2 nhanh d6 vao
Viét Nam, goi 1a Mé Kong va Bassac (song Tién
va séng Hau) va sau d6 chay ra bién bang 9 cira
1a Tiéu, Pai, Ba Lai, Ham Luong, C6 Chién,
Cung Hau, Dinh An, Tran D& va Bat That (Hau
Giang). Tuy nhién, qua trinh bdi lang ving ctra
song da lam bién mét cira Bat That trén song Hau
va ctra Ba Lai cua song Tién ciing dd dugc xay
cong kiém soat man. Ngoai hé thong song Ciru
Long, trong ddng bang con c6 cac hé thong song
chinh sau: Hé thong séng Vam Co, bao gdm hai
nhanh Vam Co6 Tay va Vam Co DPong. Song
Vam Co T4y, bat ngudn tir ving dong bang tinh
Prey-Veng, chay theo huéng Tay Bic - Dong
Nam vao Viét Nam (tinh Long An) (Hinh 2).
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Hinh 2: Ban do nghién curu khu vee Nam B9

Theo s6 liéu thong ké trén hé thong song Mé
Ko6ng tir mua 1ii nim 2013 - 2/2017 cho thay
muc nude phia thugng ngudn séong Mé Kong tai
Chiang Sen, Strung Treng, Kratie va Prek Kdam
déu thip hon so v6i trung binh nhiéu nim
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(TBNN). Dinh lii nam tai 2 tram Tan Chau va
Chau Pdc trong 3 nim gan day tir 2014 - 2016
muc nude déu thap hon TBNN, riéng dinh 1
ndm 2015 & muc rat thap (1a dinh Iii thip nhat tir
nim 1978 dén nay) (Hinh 3). Mua lii nam 2015
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0 Nam B0 thudoc nam lii nho, dong chay tu
thuong luu séong Mé Kong vé DBSCL thoi ky
dau mua kho dd xudng muec rt thip va & muc
thap lich sir. Tiép d6, trong cac thang mua kho
lwgng mua lién tuc thiéu hut tir 20 - 50% so voi
TBNN, nhiéu tinh & Nam B¢ cho dén hét thang
04/2016 hau nhu khong c6 mua. Do vdy, tinh
trang thiéu nude va xam nhap méan di xay ra trén
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dién rong & khu vuc Nam Bo va dién ra sém, lan
sau hon so véi cung thoi ky nam 2015. Sy thiéu
hut dong chay tir thuong ngudn song Ctru Long
lu6n 14 nguyén nhan dan dén tinh trang xam nhap
man mua kho nim 2016  PBSCL (dén som va
xam nhap sau trén dién rong), anh huong 16n dén
san xuét va sinh hoat.
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Hinh 3. Biéu do dwong qua trinh luu lwvong myc nudc tai mot $6 tram thuong nguén va ha luu
séng Mé Kéng trong nhitng nam gan day va TBNN

2.2. Co s¢ Iy thuyét ciia moé hinh

MIKE 11 la mo6 hinh dong Iyc mot chiéu
duogc sir dung nham phén tich chi tiét, thiét ké,
quan 1y va van hanh cho song va hé thong kénh
dan don gian hay phuc tap. Mo-dun mé hinh
thity dong luc (HD) 1a mot phan trong tim cua hé
thong mo6 hinh MIKE 11 va hinh thanh co so cho
hau hét cac mo-dun bao gom: dy bao 1i, tai
khuyéch tan, chat lugng nudc va cac mo-dun véan
chuyén bun ling khong ¢ két. Mo-dun HD giai
cac phuong trinh tong hop theo phuwong dimg dé
dam bao tinh lién tuc va bao toan dong lugng,
nghia la gidi hé phuong trinh Saint-Venant.

* Phuong trinh lién tuc:
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Trong d6: Q: Luu lugng (m?/s), A: Dién tich
mat cit (m?), q : Luu luong nhdp luu trén mot
don vi chiéu dai doc song (m?%s), C: Hé sb
Chezy, a: H¢ sb sira chira dong lugng, R: Ban
kinh thuy lgc (m).
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Trong d6: A: Dién tich mat cit (m?), C: Nong
d6 (kg/m?), D: Hé s6 phan tan, q: Luu luong
nhép luu trén 1 don vi chidu dai doc song (m?/s),
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K: Hé s6 phan huy sinh hoc, K chi dugc st dung
khi céc hién tuong hay qua trinh xem xét co lién
quan dén cac phan ng sinh hoa.

2.3. Théng ké danh gida mé hinh

Trong nghién ctu nay, ba chi s6 NSE
(Nash-Sutcliffe efficiency), PBIAS (Percent
bias) va RSR (RMSE-observations standard
deviation ratio) dugc str dung dé so sanh, danh
gia chét lugng dudng qué trinh tinh toan va
thuc do tir mo hinh. NSE, PBIAS va RSR duoc
tinh toan nhu theo cac cong thuc (4, 5, 6). Ticu
chi danh gia cho céc chi sé nay duoc thé hién
trong bang 1.
% (Yitt _ytd )2

. 1
NSE =1- =1

n
5y (Yitd —Yitt)*IOO
PBIAS =1 —1=1
td
R (Yi ) (5)
i=1
\/ E (Y.td _Y.tt)z
. 1 1

~ STDEV,yps \/ g (Y.td _YTB)2
=1 !

Trong do: Yi'la gia tri mo phong thir i cho cac
thanh phan dang duoc danh gia; Yi¢1a gia tri thuc
do thtr i cho cac thanh phan dang duoc danh gié;
YT® 14 gid tri trung binh thyc do; va n 14 tong s6
gia tri thuc do.

a (Y.td _yTB )2 @)
A
Bdng 1. Tiéu chi danh gid chat lwong cho cdc chi s6[6]
Xép loai RSR NSE PBIAS (%)
Rét tbt 0<RSR<0,5 0,75<NSE<1 PBIAS <+ 10
Tét 0,5<RSR<0,6 | 0,65<NSE<0,75 | £10<PBIAS <15
Pat yéuciu | 0,6<RSR<0,7 | 0,5<NSE<0,65 | +15<PBIAS <£25
Khong dat RSR > 0,7 NSE <0,5 PBIAS > £25
2.4. Xdy dung mang ludi thiy lwe MIKE 11 18.450 nut tinh (Hinh 4).

So d6 hoa toan bo hé théng song, kénh chinh,
tir Kratie t6i ctra song ven bién trong MIKE 11
dugc thé hién trong hinh 4. Trong d6, module
HD duogc xac dinh boi 4 bién luu luong phia
thuong ngudn bao gém: Bién ho, Kratie, Dau
Tiéng va Tri An; 57 bién muc nuée tridu phia ha
luu dai dién mét sb tram chinh gé)m: Long Tau,
Vam Co, Mé Kong, Ctra Pai, Ba Lai, Ham
Ludng, C6 Chién, Song Hau (Bassac), Tran Dé,
My Thanh, mot sb bién muc nudc thude kénh
rach vung ban dao Ca Mau va Kién Giang. Nhap
luu khu gitra, tinh tr mé hinh mua dong chay
(NAM), dong chay duoc nhap vao 6 ruong, song
va kénh. Budc thoi gian tinh toan trong mo hinh
1adt= 2 phut. Tong s6 mat cat thiét 14p tinh toan
trén hé thong séng chinh va cac kénh nhanh la
4.257 mit cit. Mang song dugc thiét lap dua trén
anh v¢ tinh c6 225 song nhanh va cac kénh rach
chang chit. Udc tinh s6 lugng diém tinh todn
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Bién hd

Kratie
i |

Hinh 4. So do mang tinh thuy lyc khu vuc
nghién ciru

2.5. Co so dit liéu swr dung

Trong nghién ctru ndy mot sé di liéu dau vao
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dugc st dung nhu sau:

- Tai liéu dia hinh: S4 liéu dia hinh nhu mat
cit song kénh duoc cap nhat hang nim theo cac
dy 4an va dé tai nghién ctru; mo hinh s6 do6 cao
DEM, cua vung nghién ctu véi ty 1€ 6 ludi
90x90m; tai li¢u dia hinh mdéi khao sat phuc vu
cho du an: S6 lidu do & cac song kénh chinh
trong luu vue nghién ctru nhu Séng Tién, Song
Hau va mot s6 kénh chinh trong du an Quy
hoach PBSCL trong diéu kién BDKH, séng Sai
Gon, sdng Vam Coé Pong, song Pong Nai do dac
nam 2012.

- Tai liéu mua: Tai liéu mua cua hau hét cac
tram phan b6 déu trén luu vuc nghién ctru nhu
Tan Chau, Chau Pdc, Vam Nao, Long Xuyén,
Cao Lanh, Can Tho, My Thuén;

Tai liéu vé bdc hoi: Sb lidu bde hoi & cac tram
mua tuong ung.

- Tai liéu thay van: S6 liéu dong chay: Luu
luong tai tram Kratie, Bién hé, luu luong x4 tai
cac ho: Tri An, Dau Tiéng; luu luong dung kiém
dinh tai Tan Chau, Chau Pbc, My Thuan va Can
Tho; S6 liéu myuc nude tai cac bién dudi: Muc
nudc tai cac tram Viing Tau, Xéo Ro, Rach Gia,
Soéng Péc, Ganh Hao, Bén Trai, An Thuan, Tran
Pé, Vam Kénh; Sb liéu muc nude dung kiém
dinh: Muc nudc tai tram Tan Chau, Chau Péc,
Can Tho va My Thuan.

- Thu thap tai li¢u do man: bé phuc vu cho
bai toan phuc vu dy bao man cho luu vuc
DBSCL doi hoi phai c6 mot ngudn sb liéu do
man day di va cap nhat lién tuc. Hién tai s lidu
do min dugc cung cip boi dai khi twong thuy
van Nam Bo.

3. Phan tich két qua va danh gia

3.1. Danh gia chat luwgng hiéu chinh va
kiém dinh mé hinh tai cdc tram thiiy vin
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Dua trén nguén s6 liéu diéu tra, do dac, mé
hinh thuy luc dugc hi€u chinh va kiém dinh cho
sb liéu mua kho cua cac nam 2014 - 2015 va
2015 - 2016 véi thoi gian tir 1/11 dén 31/05 cac
nam. Trong d6 4 tram thuy vin dugc ap dung dé
hiéu chinh va kiém dinh mé hinh trén song Tién
tai 2 tram Tan Chau va My Thuan, trén song Hau
tai 2 tram Chau Ddc va Can Tho. Bién trén cua
mo hinh st dung s6 lidu luu luong léy tai Kratie
va luu lugng x4 tai 2 hd Dau Tiéng va Tri An;
Bién duéi ldy duong qua trinh muc nudce tridu
thuc do tai 9 tram do chinh sau: Viing Tau, X¢éo
RO, Rach Gia, Song Pdc, Ganh Hao, Bén Trai,
An Thuan, Tran D¢, Vam Kénh.

Dé danh gia két qua hiéu chinh va kiém dinh
mo hinh chi sé Nash-Sutcliffe [7] dwgc ap dung
dé danh gia sai sb giita dudng qué trinh muc
nude tinh toan va thuc do. Két qua hiéu chinh,
kiém dinh duong qua trinh muc nudce tinh toan
va thuc do tai 4 tram Tan Chau, Chau Péc, My
Thuén va Can Tho chi ra su tuong déng cao vé
pha va bién d6 dao dong voi chi s6 Nash dao
dong tir 0,82 - 0,89 (Hinh 5a, 5b). Gia tri RSR
thay d6i tir 0,17 - 0,43 < 0,5 (rit t6t) trong ca hai
qua trinh hi¢u chinh va kiém dinh mé hinh. Gia
tri PBIAS dao dong tir 0,15% - 1,91% voi hiéu
chinh, va tir 0,56% - 1,68% v&i kiém dinh (Bang
2). Gia tri md phong dién bién muc nudc trung
binh dugc danh gia rat tot (PBIAS <+10) cho ca
hai qua trinh hiéu chinh va kiém dinh mé hinh.
Thong sb thuy luc trén cac mat cit ngang dong
mot vai trd rat quan trong trong hiéu chinh mé
hinh voi hé s nham dao dong tir n = 0,016 -
0,035. Vi vay, b thong sd st dung trong qua
trinh hiéu chinh va kiém dinh c6 thé dugc st
dung dé mo phong tinh toan qua trinh xam nhap
man vung ctra song ven bién khu vuc Nam Bo.

Bang 2. Danh gia chdt lwong hiéu chinh, kiém dinh muc nude

Quétrinh | Nam | Chitiéu | Téan Chau | Chau Déc %ﬁg My Thuan
NSE 0,97 0,86 0,82 0,87
Hiéu chinh 22%11‘;' PBIAS (%) | 1,22 1,91 1,14 0,15
RSR 0,17 0,37 0,43 0,36
T LEE 0,90 0,84 0,85 0,84
Kiémdinh | 5% [PBIAS (%) | 168 0,58 0,56 1,16
RSR 0,32 0,40 0,39 0,40
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Hinh 5. Két qua hiéu chinh, kiém dinh dwong qua trinh myc nudc tinh toan va thuc do tai 4 tram
Tdn Chdu, Chau Péc, My Thudn va Can Tho:(a) 2014 -2015; (b) 2015 - 2016

3.2. Két qud tinh todn xam nhdp mén

Trong nghién ctru ndy, bd théng s6 trong qua
trinh hiéu chinh va kiém dinh mé hinh MIKE 11
dugc s dung phuc vu tinh toan phan bd ném
man trong song khu vuc Nam B¢ trong mua kho
nam 2015-2016. Két qua tinh toan tir mo hinh
thity luc MIKE 11 két hop mé hinh MIKE GIS
v6i ban d6 dia hinh DEM 90x90m, san pham la
ban d6 phan bé ném min trong song khu vuc
nghién ctru (Hinh 6).

Theo két qua tinh toan tir m6 hinh 6 man da
bat dau xAm nhap vao cac ving ven bién va ctra
song, sém hon trung binh 1,5 thang tir diu thang
11/2015 - 2/2016, ranh man da Xép xi ranh man
cao nhat trung binh nhiéu nim. Pén thang
3/2016, ranh mén 4 g/l da dat dinh cao nhéat, vuot
nam trung binh 20 - 25 km, tham chi c6 noi trén

TAP CHi KHi TUQNG THUY VAN

30 km (song Vam Co Tay), tai mot s6 tram do
man da 1én tdi 30 g/l, cao hon tr 4 -14 g/lit so
v6i trung binh nhiéu nim. Trong thang 3 -
4/2016 tai mot s6 tram da xuét hién d6 man cao
nhat so vai sb liéu quan tric cung ky. Pham vi
xam nhap man khu vyc séng Vam C¢ 1a 90 - 93
km, sau hon TBNN 10 -15 km; céc cua song
Tién: 45 - 65 km, sau hon TBNN 20 - 25 km; céc
cua song Hau: 55 - 60 km, sau hon TBNN 15 -
20 km; ven bién Tay: 60 - 65 km, sau hon TBNN
5-10 km (Hinh 7). Két qua tinh toan sai s gitra
d6 man tinh toan va thuc do tai mot sd tram &
khu vuc nghién ciru tir 4 - 16%. Sai sb do man
16n nhat & khu vuc ban dao Ca Mau do nén DEM
dia hinh & khu vuc nay chua dat d6 chi tiét dé
mb phong chinh xéc két qua tinh toan.

S6 thang 11 - 2016



L 1

NGHIEN CUU & TRAO POI

—r ' L f
s e CAMPUCHIA %
%_ h

AnGlang

A3

£] = \\\é{{;ﬁ?ﬁ‘\m X,
] / "\m c

VINH THAT LAN

CHU GIAI

T Tram do man

200N
i

Séng nhanh
I s6ng chinh
Phan bé dé mén (g/l)
-n

-2

T Yl s
N ! T R
|-, S /

[

Ty M!h K ﬂm'ma ¥
Y

3
pi u&cmm.t‘m .

l!!nnrﬂ\u

T
1At

lil

A LACHNGE
o A

Nnu'l'hép_ L
= X

B4 Ria Viing Tau

5

7 NG TT S B 041 8)
fTe 1\
Sf A Thedn 8 LE
slm-(m[sj -

mmm L

T
20N

T
0N

T T T
OAOVE 1040TE 108°200E

Hinh 6. Ban dé xam nhdp man lon nhat trong song khu vwc Nam Bo

Biéudd phin b6 d) min 16n nhét thing 12016

Biéudd phin bd min 16n nhét thing 2-2016
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Hinh 7. Biéu d5 phan b6 do man 16n nhat thang tai cac tram khu viec Nam B¢

4. Két luan

Xam nhap man thoi ky mua kho ¢ dong bang
Nam B6 da gay thiét hai hét strc nghiém trong
dén san xuit nong nghiép, thiéu nude sinh hoat
va nudi trong thuy san dic biét mua kho nim
2015 - 2016. Viéc két hop mo hinh toan trong
viéc mo phong, tinh toan dong chay tir phia ha
ngudn song Mé Kong t6i khu vuyc cira song ven
bién khu vye Nam B dong vai tro rat quan trong
trong viéc theo ddi dién bién qua trinh xdm nhap
man & khu vuc nay. Két qua tinh toan xam nhap

man tir m6 hinh cho thdy:

Qua trinh xam nhap man doc séng Vam Co
14 cao nhét voi khoang cach tir cira song ven bién
vao trong song: 90 - 93 km, sau hon TBNN tur
10 - 15 km.

Qua trinh xam nhap man doc song Tién véi
khoang cach tir cira séng ven bién vao trong
song: 45 - 65 km, sau hon TBNN 20 - 25 km.

Qua trinh xam nhdp man doc song Hau voi
khoang cach tir cira song ven bién vao trong
song: 55 - 60 km, sau hon TBNN 15 - 20 km.
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Qua trinh xam nhap man doc song ven bién
Tay véi khoang cach tir clra séng ven bién véao
trong song: 60 - 65 km, sau hon TBNN 5 -10 km.

Két hop két qua tinh toan tir mo hinh va s6
liéu do dac thuc té tai cac tram do s& giup ich rat
nhiéu trong cong tac danh gia kha ning nguy co

Tir d6 dua ra su diéu chinh hop 1y cho co cu cay
trong, thay ddi gidng vat nudi phu hop. S6 lidu
st dung trong tinh toan dugc tham khao, khao
sat, didu tra va cdp nhat méi nhit hién nay.
Ngudn sé lidu dam bao do tin cdy, phu hop véi
muc tiéu nghién ctru khoa hoc.

xam nhap man cho toan bo khu vuc nghién cuu.
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APPLICATION MIKE 11 MODEL ON SIMULATION AND

CALCULATION FOR SALTWATER INTRUSION
IN SOUTHERN REGION

Doan Quang Tri
National Center for Hydro-Meteorological Forecasting

This study has combined the hydrodynamic modeling (MIKE 11) and MIKE-GIS to calculate and
simulate the streamflow in Cuu Long River dowstream and to calculate the saltwater intrusion in
Southern region.The calibration and validation results of hydrodynamic model (MIKE 11) showed
a high comformity about phase and amplitude between the observed and simulated water level in dry
season during 2014-2015 and 2015-2016.Calculation results of saltwater intrusion processing in the
river combined with digital elevation map (DEM ) in MIKE-GIS are the conformity with reality. The
results showed that the models are an effective tool to serve flow forecasting and saltwater intrusion
in National Center for Hydro-meteorological Forecasting in the future.

Keywords: Saltwater intrusion, Sounthern, MIKE 11, MIKE-GIS.
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