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UNG DUNG MO HINH TOAN, KY THUAT VIEN THAM
VA GIS PE DU BAO LU VA CANH BAO NGAP LUT TREN
SONG KY CUNG - TINH LANG SON

Nguyén Pinh Thuat!, Tran Thi Nhin2, Nguyén Hoang Son2, Hoang Thanh Ting?

Tém tit: M6 hinh todn thity van - thiyy luc véi su tro givip cia Ky thudt Vién tham va Hé thong
tin dia Iy (GIS) dang dwoc tmg dung rong rdi vao linh viee tai nguyén miede trong nhitng ndm gan
ddy. Bai bdo nay trinh bay tém tdt két qua g dung mé hinh thity luc 1, 2 chiéu (MIKE 11 va MIKE
21 FM) két hop véi anh vé tinh Landsat 8 phuc vu c¢ong tdc du bdo i, mé phong va canh bédo ngdp
lut cho heu viee séng Ky Ciing, tinh Lang Son. S két hop nay gdp phan han ché nhitng sai s6 vé pham

Vi ngdp khi mé phong 2 chiéu trong diéu kién thiéu sé liéu kiém tra nhuw ¢ Viét Nam.

Tir khoa: Canh bao, dy bao, Ky cung, Lang Son, ngdp lut.
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1. Gioi thiéu chung

Séng Ky Cung la con séng 16n nhit cia tinh
Lang son. Song bt ngudn tir ving niii Bic Xa
cao 1166 m, dinh nai Mau Son cao 1574 m thudc
huyén Pinh Lap ¢ vi do 21038°20”B va
107021°10”D, chay theo huéng Bong NAM 1én
Tay Béic qua Loc Binh, Thanh phd Lang Son,
Diém He, Na Sam, Binh D¢, That Khé. Song Ky
Cung doan chay trén dat Viét NAM dai khoang
243 km, séng c6 cac nhanh 1a Ba Thin, Béc
Giang va Bic Khé. Mua lii trén song Ky Cung
thudng bat dau tir thang 5 va két thic vao thang
9 véi tong lugng nude mua lii chiém 66-80% [4].

Du béo, canh bao ngap lut trén song Ky Cung
c6 vai tro quan trong trong giam nhe thiét hai do
mua lii gdy ra. Cong tac nay hién dang gip rat
nhiéu khé khin do dy bdo mua & nudc ta van con
nhiéu han ché.

O nuéc ta, md hinh VRSAP do ¢ PGS.TS
Nguyén Nhu Khué [1] xay dung va duogc sir
dung rong rai ¢ nudc ta trong nhiing nam trudce
day. DBay 1a mo hinh tinh toan thiy van - thuy luc
ctia dong chay mot chidu trén hé théng song ngoi
c6 ndi véi dong rudng va cac khu chua khéc.
Dong chay trong cac doan song duoc mo ta bang
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phuong trinh Saint-Venant day du. Cac khu chira
nude va cac 6 rudng trao ddi nudc véi sdng qua
cong diéu tiét. Do d6, mo hinh di chia cac khu
chtra va 6 rudng thanh hai loai chinh. Loai kin
trao d6i nudc voi song qua cong diéu tiét, loai
hé trao ddi nude v6i song qua mit tran hay truc
tiép gin véi song nhu cac khu chira thong
thuong. Ngoai ra m6 hinh KOD-01 va KOD-02
ciia GS. TSKH Nguyén An Nién [1] phat trién
dua trén két qua giai hé phuong trinh Saint-
Venant dang rut gon, phuc vu tinh toan thuy lyc,
du bao 1l cling da dugc timg dung nhiéu & Viét
NAM. Ngoai ra, mot s6 nha khoa hoc Viét NAM
nhu Nguyén Tat Pic, Nguyén Vin Diép,
Nguyén Minh Son, Tran Vin Phic, Nguyén Hiru
Nhan da xay dung thanh cong cac md hinh thuy
luc mang nhu MEKSAL, FWQS87, SAL,
SALMOD, HYDROGIS [5, 6, 7].

Céc mo6 hinh thuy lyc do nudc ngoai xay
dung nhu, m6 hinh WENDY do Vi¢n thuy luc
Ha Lan (DELFT) xay dung. M6 hinh HEC-RAS
do Trung tam Thuy van k¥ thudt quan do1 Hoa
Ky xay dung duoc ap dung dé tinh toan thiy luc
cho hé thong séng. Phién ban mai hién nay da
dugc bd sung thém modun tinh van chuyén bun
cat va tai khuéch tan. Mo hinh HEC-RAS duoc
xay dung dé tinh toan dong chay trong hé thong
song c6 su tuwong tac 2 chiéu giita dong chay
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trong song va dong chay ving dong bang lii. Khi
muc nudce trong song dang cao, nudce s€ tran qua
bidi gdy ngap vung dong bang, khi myc nudc
trong song ha thip nudc s& chay qua lai vao
trong song. Ho mo6 hinh MIKE: do vién Thuy luc
Pan Mach (DHI) xdy dung dugc tich hop rat
nhiéu coéng cu manh, c6 thé giai quyét cac bai
toan co ban trong linh vyc tai nguyén nude. Tuy
nhién day 1a mé hinh thuong mai, phi ban quyén
rat cao nén khong phai co quan nao ciing c6 diéu
kién str dung [4, 5, 6].

Céc mo hinh thuy lyc thuong duoc két hop
v6i cdc mod hinh thiy vén tinh toan mua dong
chay lam bién dau vao. Mot sé mé hinh thiy vin
hién nay dang dugc ap dung rong rai nhu mo
hinh TANK, SSARR, NAM, HEC-HMS [1].
Trong d6 cac mo6 hinh nhu TANK, NAM Ia mo
hinh cau tric dang bé chira, mo hinh SSARR
tinh toan phan chia dong chay dya vao cac quan
hé gitra 16p dong chay mat, 16p dong chay sat
mat, 16p dong chay ngam, vv. M6 hinh trong
phan mém HEC-HMS chu yéu sir dung cac ho
duong 1 don vi va cac phuong phép tinh toan
ton that, tinh toan dong chay ngam dé tinh toan
dong chay tir mua [6, 7, 8].

2. Phuong phap nghién ciru

V&i myc tiéu sir dung két hop mé hinh dong
luc hoc 2 chiéu véi su tro giup cua ky thuat Vién
tham va H¢ thong tin dia ly (GIS) trong mo
phdng va canh bao ngép lut trén song Ky Cung,
tinh Lang Son, nghién ctru da st dung mo6 hinh
toan mua dong chay MIKE NAM dé tinh toan
céc bién dau vao va cac bién nhap luu khu gitra
trén luu vuc song Ky Cung. M6 hinh thuy luc
MIKE 11 dugc tmg dung dé tinh toan luu lugng
va myc nudc trén toan tuyén séong Ky Cung vé
dén tram Qudc Viét. M6 hinh MIKE FLOOD
dugc két hop tir mo hinh MIKE 11 va mé hinh
MIKE 21 FM dé mé phong ngap lut v6i thong
tin dugc triét xudt tir anh vé tinh Landsat 8 dé
hiéu chinh pham vi ngdp. Hinh 1 dudi day trinh
bay so d6 khdi tinh toan mo phong ngép lut trén
luu vuc song Ky Cung, tinh Lang Son.
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Hinh 1. So @6 khéi mé phong ngdp lut

MIKE 11 1a mét phan mém k¥ thuét chuyén
dung mé phong luu luong, chat lugng nudce va
van chuyén bun cat & cira song, song, hé thong
tudi, kénh dan va cac hé thong dan nude khac.
MIKE 11 la cong cu lap mo hinh ddng luc mot
chiéu nham phén tich chi tiét, thiét ké, quan 1y va
van hanh cho séng va hé thong kénh dan don gian
va phtrc tap. V&i moi truong dac biét than thién
v6i ngudi st dung, linh hoat va toc d6, MIKE 11
cung cAp mot moi truong thiét ké hiru hiéu vé ki
thuat cong trinh, tai nguyén nudc, quan 1y chit
luong nudce va cac tng dung quy hoach. M6 dun
md hinh thuy dong luc (HD) 1a mot phan trung
tam cua hé thong 1ap mé hinh MIKE 11 va hinh
thanh co s& cho hau hét cac mé dun bao gdbm: dy
béo 1, tai khuyéch tan, chat luong nudc va cac
mé dun van chuyén bun cat. M6 dun MIKE 11
HD giai cac phuong trinh tong hop theo phuong
dung dé dam bao tinh lién tuc va bao toan dong
luong (phuong trinh Saint Venant).

H¢ phuong trinh co ban cua MIKE 11 1a hé
phuong trinh Saint Venant viét cho truong hop
dong chay mot chiéu trong long kénh din ha,
bao gém [2], [3]:

Céc ung dung lién quan dén moé dun MIKE
11 HD bao gém:

- Du bao 1@ va van hanh ho chua

- Cac phuong phap mé phong kiém soat 1ii

- Van hanh hé théng tudi va tiéu thoat nudc mat

- Thiét ké cac hé thdng kénh dan
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- Nghién ctru song tridu va dong chay do mwa
0 sOng va cua song

Dic trung co ban cta hé thong 14p mé hinh
MIKE 11 1a c4u trac mé dun tong hop véi nhidu
loai m6 dun dugc thém vao mod phdng cac hién
tugng lién quan dén hé thong song. Ngoai cac
moé dun thuy luc va tai khuéch tan da mo ta o
trén, MIKE bao gdm cdc mo dun bo sung dbi
voi: thuy van, cac mo hinh chét luong nudce, van
chuyén bun cat ¢ cau két, van chuyén bun cat
khong cau két.

M6 hinh MIKE FLOOD dugc két hop tir mo
hinh MIKE 11 va m6 hinh MIKE 21 FM. Viéc
két ndi tinh toan song song md hinh mwa dong
chay, mé hinh 1 chiéu MIKE 11, M hinh 2
chiéu MIKE 21 dé mo phong dong chay 1i t6t
hon di duoc tmg dung trong nhiéu nghién ciru
truge day.

V¢ tinh Landsat 8 dugc phong l1én quy dao
vao ngay 11/2/2013. Anh cua Landsat 8 13 anh
16 bit, c6 do phan giai 30 m va 11 band anh.
Trong d6 band don sic c6 d6 phan giai 15 m.
Anh Landsat 8 d3 duoc tmg dung nhiéu trong
cac nghién ctru vé tai nguyén nudc.

Luu vuc song Ky Cung trén dia ban tinh Lang
Son ¢6 3 tram thuy van la Hiru Liing, Van Mich
va Lang Son (hinh 2). Trong d6 chi ¢6 tram thuy
van Lang Son do luu lugng. Dién tich khdng ché
cua luu vuc dén tram thuy van Lang Son la
1560km>. S liéu dugc do dac tir nhirng nim
1960 trd lai day [5]. Ngoai tram thuy van, trén
luu vuc c6 con 06 tram khi tugng la cac tram
Mau Son, Bic Son, That Khé, Dinh Lap, Hitu
Ling va Lang Son (tén goi khéc la Mai pha) [5].
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Hinh 2. Mang luoi KTTV tinh Lang Son
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3. Két qua nghién ciru

3.1 Thiét Igp mang lwéi thity lwc MIKE 11

Mang thity luc 1 chiéu song Ky Cung duoc
xdy dung c6 d6 dai 160 km vai 105 mit cat
ngang va song Bac Giang ¢6 d6 dai 9 km véi 10
mit cat ngang (xem hinh 3).

Hinh 3. Mang thity lwc 1 chiéu séng Ky Ciing

Bién tinh toan: gdm c6 bién trén va bién dudi
1a cac s6 lidu thuc do thu thap duoc tai cac tram
Ban Lai va Qudc Viét trén song Ky Cung, Chi
Lang trén song That Khé; trong do:

Bién trén: 1a bién luu lugng thuc do (Q-t)
ting gid tai cac tram Ban Lai va Chi Lang.

Bién dudi: 1a dugce stir dung la duong quan hé
luu lwong va myc nudce (Q - H) tai tram Qudc
Viét trén song Ky Cung.

Bién nhap luu: 1a qua trinh Iuu lugng duoc
tinh toan tir mo6 hinh mua - dong chay NAM cho
cac luu vuc bo phan nhap vao cac khu gitra cua
mang thuy lyc tinh todn. Viéc ma hoa, xay dung
mang thity luc dién toan 1ii trong song duoc thiét
lap dudi su trg giap cua H¢ thong tin dia ly
(GIS). Ban d6 véc to sau khi dugc kiém tra do
chinh xac, két hop véi md hinh sé do cao
(DEM), hiéu chinh cét bo nhitng nhanh song
khong thudc phﬁn dién toan tir 6 xac dinh duoc
cac luu vuc bd phan

Ban Thin, Khudi Cut, Ta San, Tam Khuoi,
Ban Ban, Khu Gitrta 1, Hoang Viét, Mo Pi A,
Khu Gita 2, Trung Thanh, Khu Gitra 3, Van
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Mich dé tinh toan dudng qué trinh luu lugng ra
nhdp céc khu gitra tr m6 hinh NAM.

Tram kiém tra: Muc nudc va luu lugng gio
tai tram thuy van Lang Son trén song Ky Cung
dugc st dung dé kiém tra trong qua trinh hiéu
chinh va kiém dinh mé hinh.

3.2 Thiét lgp mang lwdi thity lwc MIKE 21

Dé mo phong dong chay trén luu vyc trong
va ngoai long song, dong tran bé mit can phai
thiét 1ap mién tinh cho mé hinh 2 chiéu MIKE
21. Pay 1a co s& dé mo hinh mo phong céc
hudng chuyén dong ctia dong chay ciing nhu cac
twong tac thiy luc cta toan bo hé thong song va
bai bdi xung quanh.

Mién tinh thuy luc hai chidu dugc xac dinh 1a
mién c6 kha nang ngap lut khi xuat hién mua, 1
16m trén khu vuc nghién ctru. Tai khu vuc nghién
ctru mién tinh nay duogc xac dinh dua vao két qua
phan tich cac tai liéu diéu tra ngap lut, ban dd
ranh gidi ngdp lut dugc giai doan tr anh vé tinh
Landsat 8. Mién tinh toan duoc minh hoa trong
hinh 4.

...................................................

...............................................

........................

........................

Hinh 4. Mién tinh todn ciia mang thity lic
MIKE 21 song Ky Cung

Trong nghién ctru nay ludi tinh toan dugc xay
dung 13 ludi phi ciu trac, hay con goi 1a ludi tam
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giac, gitup cho viéc mo phong dia hinh duogc
mém déo, dic biét cac dia hinh khi c6 xdy dung
cac cong trinh trén song. Ludi tinh toan dugc xay
dung tir ban d6 s6 dia hinh ti 1& 1:10.000 trong d6
phﬁn mén ArcGIS duoc st dung dé tao dau vao
cho m6 hinh MIKE 21FM.

Luéi tinh toan gém c6 2.466.651 diém véi
truc X toa do 16n nhat 1a 412139,66 va toa do
nhd nhét 14 328679,66; truc Y toa dd 16n nhét 1a
2474263,34 vi toa do nho nhat 1a 2391553,34;
truc Z gia tri 16n nhat 1a 485,84 va gia tri nho
nhat 1a -10.

3.3 Hiéu chinh va kiém dinh mé hinh NAM

Hi¢u chinh bd thong s6 md hinh NAM cho
luu vyc tinh dén tram thuy van Lang Son

Tran 18 ndam 2008 dugc lwa chon dé phuc vu
hiéu chinh b thong sb cho mé hinh NAM. Pay
la tran 1 lon da tung xay ra trén luu vuc va
twong duong véi 1t nam 2014.

Str dung tran I thang 09 nam 2008 tai Lang
Son d¢ hiéu chinh md hinh véi s6 liéu mua dugc
thu thap tir 3 tram mua trong khu vuc 1a Lang
Son, Piém Hé, Loc Binh. Két qua hiéu chinh
mé hinh NAM cho luu vuce tinh dén tram Lang
Son duge minh hoa trong hinh 4 cho thdy duong
qué trinh 11 tinh todn va thyc do kha phu hop
nhau: v6i hé sb tuong quan R dat 0,93, sai )
dinh 12 23 m*/s (<5%) nam trong pham vi sai s6
cho phép khi tinh toan thuy van.

Kiém dinh bo thong s6 mo hinh NAM cho
luu vuc tinh dén tram thuy van Lang Son

B6 thong sé mo hinh NAM tim dugc ¢ bude
trudc dugc st dung dé kiém dinh m6 hinh véi
tran I8 thyc do thang 07 nam 2014 tai Lang Son.
Két qua kiém dinh duoc minh hoa & hinh 5 cho
thdy duong qué trinh 1ii tinh toan va thuc do ciing
khé phu hop nhau voi hé sb twong quan dat 0,9
va sai s6 dinh ndm trong gioi han cho phép. Tuy
nhién dinh i tinh toan xuat hi¢n sém hon dinh 1ii
thuc do khoang 2 gid nhung c6 thé chdp nhan
duoc.

Véi cac két qua hiéu chinh va kiém dinh bd
thong sé mé hinh NAM cho luu vuc tinh dén
tram thuy van Lang Son 1a twong ddi t6t cho
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phép nhom nghién ctu st dung st dung bo
thong sd ctia md hinh nay dé tinh toan cho cac
luvu vuc tuong ty nhap luu vao khu gitra cua
mang thuy luc da xay dung cho luu vuc song Ky
Cung.

T Seres Dscrarge

Thye do -
wees Tinh toan
T

Hinh 5. Puong qua trinh lii tinh todn va thuc
do tran lii thang 9/2008 tai tram thuy van Lang
Son (hiéu chinh mo hinh)

Time Seres i Level

= Thre. df Tinh todn

Hinh 6. Puong qua trinh lii tinh todn va thuc
do tran lii thang 7/2014 tai tram thuy van Lang
Son.

3.4 Hiéu chinh va kiém dinh mé hinh
MIKE 11

* Hieu chinh mo hinh MIKE 11

M6 hinh duoc higu chinh véi s6 lidu thuc do
tran 1ii tir ngay 23/10/2008 dén 29/10/2008 tai
tram thity van Lang Son. Két qua hiéu chinh mé
hinh MIKE 11 dugc minh hoa trong hinh 6, cho
thdy duong qua trinh 1ii tinh toan va thyc do kha
pht hop nhau vé6i hé sé twong quan R dat 0,97,
sai s dinh rat nho.
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Hinh 7. Duong qua trinh luu lwong tinh toan
va thyc do song Ky Cung tai tram Lang Son tir
ngay 23/10/2008 - 29/10/2008 (hiéu chinh)

* Kiem dinh mo hinh MIKE 11

Vi bo thong $6 mo hinh tim duoc tir budc
trén, tién hanh kiém dinh mé hinh véi sd liéu
thuc do cho tran It tir ngay 29/6/201 - 08/7/2011
va tran I tr ngay 19/7/2014 - 23/7/2014 tai tram
Lang Son. Két qua kiém dinh mé hinh dugc
minh hoa trong hinh 7 va hinh 8 cho thiy duong
qué trinh 1ii tinh toan va thyc do rat phi hop
nhau, hé sb tuong quan dat kha cao lan luot 1a
0,97 va 0,90, sai sd dinh va téng luong cua ca 2
tran 1t 1a khong dang ké.
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Hinh 8. Duong qua trinh luu lwong tinh toan
va thyc do song Ky Cung tai tram Lang Son tir
ngay 29/6/2011 - 08/7/2011 (kiém dinh)

Vi bd thong sb dd duge cua mo hinh thong
qua budc hi¢u chinh va kiém dinh & trén, hoan
toan co6 thé st dung két qua tinh toan tir mé hinh
MIKE 11 lam bién dau vao cho mé hinh MIKE
21FM dé mé phong ving ngdp trong tran li
thang 7/2014 trén luu vuc song Ky Cung.
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Hinh 9. Duong qua trinh muc nudc tinh todan
va thuce do trén song Ky Cung tai tram Lang
Son tir 19/7/2014 dén 23/7/2014 (kiém dinh)
3.5 So sanh két qua ngdp tinh tir mé hinh
MIKE 21 FM véi két qua ngdp dwoc chup tir
danh vé tinh
Anh vé tinh Landsat 8 chup khu vuc ngép lut
tinh Lang Son vao ngay 23/7/2014 dugc thu thap
va phan tich sir dung phan mém xir Iy anh ENVI
dé triét xut ra ving ngap nham so sanh véi ving

v
o
om0
PR
2o

zzzzzz

WA WEOR  JOW0 JNS0. N0 SN0 MORM KEmes  MMOD 3B IR B

Hinh 10. Vung ngdp mo phong tir mé hinh tai
vi tri thanh phé Lang Son
Vi b mo hinh NAM, MIKE 11, MIKE 21
FM da xay dung cho luu vuc song Ky Cung,
nhém nghién ctru da tién hanh tinh toan va xay
dung mot seri cac ban dd ngap lut cho luu vuc
Ky Cung tai tinh Lang Son tmg vdi cac tan suét
mua 18 khac nhau 1am co s¢ dé canh bao ngap lut
khi c6 thong tin du bao va thuyc do myuc nudc tai
tram thuy van Lang Son. Minh hoa ban d6 ngap
lut m6 phong tr b mo hinh dugc dua ra trong
hinh 10 dudi day.
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ngap lut dugc tinh tr mo6 hinh MIKE 21 FM.

Két qua tinh toan ving ngap tai Lang Son cho
thdy ving ngap tinh toan tir mo hinh toan phu
hop véi ving ngap dugc phan tich va triét xuat tir
trén anh v¢ tinh Landsat 8. Cac khu vuc ngap
trong Thanh ph6 Lang Son (Hinh 9) bao gom
khu vyc phuong Pong Kinh va ving chan cau
Mai Pha. Vung Na Tho, Po Bura, Po M6 bi ngép
phia ven song Ky Cung. Vung Mai Pha bi ngép
tir ven song Ky cung dén khu vuc duong sit.
Khu vuc phuong Chi Lang cling bi ngap phia
giap song.

Céac khu vuc ngép lut trong thi tran That Khé
bao gém cac vi trf tir Na Lau, Na Pudc dén nga
ba séng That Khé - Ky Cung. Day 1a ving triing
thuong xuyén bi ngdp lut. Tuy nhién khu vuc
Ban Chang, Na Cay, Na Vai bi ngap lut theo két
qué phan tich tir anh vé tinh nhung két qua tinh
toan tir md hinh toan lai khong cho thay khu vuc
nay bi ngép lut.

Hinh 11. Ving ngdp moé phong tir mo hinh tai
vi tri thi tran That Khé
BAN DO KET QUA VUNG NGAP MO PHONG TU MO HINH

VIJC SONG KY CUNG
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Hinh 12. Ban do ngdp lut tran lii thang 7/2014
trén song Ky Cung
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4. Két luan

Mo hinh toan thuy van - thuy luc véi su trg
gitip ctia K§ thuat Vién tham va Hé thong tin dia
Iy (GIS) dang dugc tng dung rong rai vao linh
vuc tai nguyén nude trong nhitng nim gan day.
Nghién clru nay da trng dung anh v¢ tinh Land-
sat 8 chup ngay 23/7/2014 dé lam cin ctr xay
dung mang thuy luc 1 chidu va 2 chiéu (MIKE

va mo phong va canh bao ngap lut cho luu vuc
song Ky Cung, tinh Lang Son. Két qua nghién
ctru cho thay voi sy két hop nay thi két qua mo
phong va tinh toan tir mo hinh thuy vén - thuy
luc s& chinh xac va hop Iy hon. Sy két hop nay
g6p phan han ché nhiing sai s6 vé pham vi ngap
khi mé phong 2 chiéu trong diéu kién thiéu sb
liéu kiém tra nhu & Viét Nam.

11 va MIKE 21 FM) phuc vu cong tac du bao 1
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APPLICATION OF HYDRO-DYNAMIC MODEL, REMOTE
SENSING AND GIS ON FLOOD FORECASTING AND
INNUNDATION WARNING ON THE KY CUNG RIVER,
LANG SON PROVINCE

Nguyen Dinh Thuat', Tran Thi Nhan?, Nguyen Hoang Son*, Hoang Thanh Tung’
'Hydro-meteorological station in the Northeast
*Thuyloi University

Abstract: Hydro-dynamic model with the support of Remote Sensing and GIS has been com-
monly applied in water resources. This article briefly presents research results on application of
1D and 2D hydraulic models (MIKE 11 and MIKE 21 FM) in combination with satellite informa-
tion which are classified from Lansat 8 image for flood forecasting and inundation warning on the
Ky Cung River, Lang Son Province. This combination reduced errors of inundation extent com-
paraed to that which are simulated by the 2D model while data for calibration of the 2D model is
lack in Vietnam.

Keywords: Warning, forecasting, Ky Cung, Lang Son, Inundation.
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