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Tém tit: Luu vuc séng Lo - Gam 14 luu vye sdng 16n nam & phia Bic ctia Viét Nam, thuong
xdy ra ngap lut khi gdp mua 16n. Tuy nhién, khu vuc thugng nguén séng L6 - Gdm nam trén
lanh tho Trung Qudc, chlem hon 40% dién tich toan bd luu vuc song. Sy thiéu hut (hodc
khan hiém) sé liéu quan trac tai khu vuc ndy da gdy ra nhimg kho khin déng ké trong cong
tac du bao muc nudc ciing nhu luu luong 1 trén séng. Nho nhimng tién bd vuot bac trong
cong nghé vé tinh, viéc két hop dir liéu vién tham va mo hinh thuy van ngay cang ching to
hiéu qua trong quan ly, gidm sat tai nguyén nudc xuyén bién gidi. Nghién clru dugc trinh
bay trong bai bao nay tap trung vao viéc moé phong dién bién luu luong 1 xuyén bién gidi
cho Iuru vuc song L6 - Gam thong qua viée két hop giita s6 lidu tir vé tinh véi mo hinh thuy
van phan bd IFAS. Két qua dat dugc: (1) Mo phong va hiéu chinh mé hinh IFAS cho tran
lii thang 8/2017 dat R? = 0,81 va NSE = 0,80; (2) Kiém dinh lai v&i tran Iii thang 6/2018 dat
R%2=0,93 vaNSE =0,91; (3) Nghién ctru nay cho thay kha ning {ung dung hi¢u qua phuong
phép trén cho md phong 1 ddi v6i cac luu vuc song thiéu hut vé sb lidu quan tric.

Tiwr khéa: Song L6 - Gam; Vién tham; M6 hinh IFAS.

1. Giéi thi¢u

Mic du cong nghe vién tham, dic biét 1a cac hé théng radar va v¢ tinh, da c6 nhiing budc
phat trién vuot bac va dugc ing dung rong réi trong nhiéu linh vuc, bao gdm ca quan ly tai
nguyén nudc, dit liéu thu thap tir vé tinh van ton tai nhitng han ché. Cu thé, dit liéu vién tham,
dac bi¢t 1a dir liéu mua, dia hinh va tham thyc vat duoc sir dung cho cac moé hinh dy bao Ia,
c6 thé chira dung sai s6 do nhiéu nguyén nhan. Cac sai s6 nay c6 thé bit ngudn tir chinh thiét
bi thu nhan hoic do sy khac biét vé diéu kién khi hau va dic diém bé mit giira cac khu vuc
khac nhau trén thé gi6i [1, 2]. Thém vao @06, do chinh xac cia dir liéu mwa vé tinh con phu
thudc vao ting khu vyc va loai dit liéu dugc sir dung [3, 4].

Mic du cac ngudn dir liéu mua vé tinh ngudén md nhu CMORPH, CHIRPS, GPM,
TRMM va GSMaP kha pho bién, do chinh xac cua chung 1a mot van dé can duoc xem xét.
Céc dir liéu nay c6 do phan giai khong gian va thoi gian khac nhau, va nhiéu nghién ctru da
chi ra su khac biét vé do chinh xac giita cac loai, cling nhu trong ciing mot loai ¢ cac khu vuc
khac nhau. C6 thé ké dén cac nghién ciru [5-8] da so sanh 29 loai dif liéu d¢ dénh gia kha
nang mo ta lugng mua toan cau. Pic biét, nghién ctru [7] tai luu vyc Nong Son - Quang Nam
da cho thiy sy chénh léch déng ké giita dir liéu mwa vé tinh va sd liéu do tai tram, dan dén
sai khac 16n trong két qua mo phong dong chay. Nghién ctru nay ciing két luan rang cac san
pham dya trén thong tin séng siéu cao tan (MW) nhu TMPA cho két qua mé phong dong
chay va thoi gian xuat hién dinh 1i chinh xac hon so v6i cic san pham dua trén song hong
ngoai (IR) nhu PERSIANN. Dua trén cac quan sat cia 20 tram khi tugng tir ndm 2015 dén
nam 2018 trén mot vung do thi dién hinh 1a Bic Kinh, mét danh gia toan dién vé bon loai
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mua vé tinh phd bién di duoc tién hanh trong nghién ctru [8]. V&i d6 phén giai thoi gian mot
gid, Két qua cho thly IMERG va GSMaP c6 hiéu suét t6t nhat, tiép theo 1a CMORPH, trong
khi PERSIANN hoat dong kém nhét. Nghién ctru [9] danh gia dir liéu mwa GSMAP véi dix
liéu tai nhitng tram mua thue do ¢ thanh phd Banjarbaru, Indonesia. Két qua nghién ctru chi
ra rang dit liéu GSMAP c6 céac gia tri twong quan dang ké véi cac gid tri quan sat. Gia tri
tuong quan du cao cho thay dit litu GSMAP c6 thé duoc sir dung 1am ngudn dir lidu luong
mua thay thé cho phan tich thuy vin, ddc biét 1a dbi v6i luu vuc khong c¢6 tram do. Mot
nghién ctru khac [10] danh gia d6 chinh xac cta san pham mua GSMAP so véi thuc do tai
luu vye hd Ba Duong, Trung Quoc v6i két qua hé sd tuong quan hang thang 1a 0,85, cho
thdy m01 quan hé tuyén tinh dang ké giita wdc tinh san phdm va quan sat do luong mua trong
khi hé s6 twong quan hang ngay trung binh nhé hon 0,50.

Dit liéu v¢ tinh quang hoc va radar dya trén M6 hinh d6 cao k¥ thuat sb toan cu (DEM)
dong vai tro 1a ngudn dit liéu chinh trong cic nghién ctru thily van hién nay. Cac san pham
vién tham truy cip mé c6 do chinh xac ngay cang ting va do phan giai khong gian dugc cai
thi¢n. Nghién ctru [11] so sanh céac dir li¢u DEM khac nhau cho nghién ctru thily van ¢ vung
nui, bao gdbm AW3D30, ASTER GDEM V003 va SRTMGL1 DEM. So sanh cic DEM nay
v6i d6 phan giai khong gian 30 m xac nhan raing DEM AW3D30 ¢6 d6 chinh xéc theo chiéu
cao cao hon so véi cac md hinh khéc va ¢ thé duoce st dung dé mé hinh hoa luu vuc song
va ho trén dia hinh mién ndi cao. Nghién ciru [12] so sanh 5 loai DEM khéc nhau, bao gom
SRTM, ASTER, Cartosat-1, AW3D30 va ALOS dé 1ap ban do kha nang x6i mon. Két qua
chi ra raing ALOS DEM (vé6i d6 phan giai 12,5 m) cho thé hién d chinh xac cao nhét trong
5 loai DEM ké trén.

Tinh trang thiéu dit liéu thuc do tai cac luu vuc séng, dic biét 1a cac song xuyén bién
gi61, dang 1a mot thach thie d6i v6i nhiéu nha khoa hoc. Trong b01 canh do, cong ngh¢ vién
tham ndi 1én nhu mot giai phap hitu ich, cung cap dir liéu chi tiét va chinh xac vé bién dong
tu nhién va xa hoi theo khong gian va thoi gian. Mot s6 nghién ctru da tmg dung thanh cong
cong nghé vién tham két hop v6i mo hinh todn trong mé phong dong chay 1ii xuyén bién gidi,
vi du nhu tai luu vuc song Ca [13] va sdng Thao [14]. Viéc tiép tuc nghién ciru va ing dung
cong ngh¢ nay trong du bao khi tuong, thuy van, dong chay va quan ly tai nguyén nudc 1a
rat can thiét. Luu vuc séng L6 - G&m nam trén ldnh tho hai nude Viét Nam va Trung Quoc
co tong dién tich luu vuc 37.878 km?, trong do: dién tich trén Viét Nam 1a 22.629 km? chiém
gan 60% tong dién tich luu vuc [15]. Trong ldnh thd nude ta luu vuc song L6 Gam thudc dia
gidi hanh chinh cua 8 tinh: Ha Giang, Tuyén Quang, Cao Bang, Bic Kan, Lao Cal Yén Bai,
Phu Tho, Vinh Phuc; phan dién tich thudc Trung Qudc 1 khu vuc thugng ngudn chiém trén
40% dién tich luu vuc.

Ké tir nam 2001, Trung Qudc da nhat tri chia sé¢ dit liéu quan tric myc nude va luu luong
cua 4 tram thuy van trén hai nhanh soéng Pa (Trung Ai Kiéu, Thé Kha Ha) va song Thao
(Nguyén Giang, Man Héo) va s6 liéu 07 tram do mua Synop trén 2 nhanh song nay. Tuy
nhién, trén cac nhanh séng L0 Géam chua dugc phia Trung Qudc cung cap sd liéu muc nude
va luu luong, do do dat ra véan dé phai co nghién ctru ve€ giam sat va du bao dong chay lu d6i
v6i phan thuong ngudn luu vuc song nay vé Viét Nam phuc vu diéu hanh cac ho chira trén
lwu vie Lo - Gam nhu cac hd Tuyén Quang, Thac Ba, Ba Bé, ...[16]. Muc dich nghién ctru
nham gidi thidu nhimng két qua so bd ctia nghién ctru két hop dit lidu vién thim va mo hinh
toan IFAS dé mo phong ché do 1i xuyén bién gigi Viét Nam - Trung Qudc tai khu vuc thuong
luu song L6 - Gam.

2. Phuong phap nghién ciru
2.1. Pham vi nghién curu

Luu vuc sdng L6 - GAm twong ddi rong 16n, trai dai trén ca pham vi Viét Nam va Trung
Qudc. Néu voi viée tiép can mo ) phong truyen thong, cong viée kha thi la tinh toan dong chay
1&l voi cac nhanh song 16n, c6 s liéu vé mit cit ngang ciing nhu s6 lidu quan trac tai khu vuc
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Viét Nam. Tuy nhién, thong qua viéc st dung cac dit lidu tir vién thdm va phdn mém xur 1y
dir liéu GIS va vién tham, nhom nghién ctru x&c dinh pham vi thyc hién 1a toan bg 37.878
km? luu vue séng L6 - Gam, bao gdm ca phan ndm & phia Trung Qudc va phan ndm trén lanh
thd VIét Nam.
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Hinh 1. Ban db tong thé luu vuc sdng L6 - Gam.
2.2. M6 hinh IFAS

MG hinh IFAS 1a md hinh thiy van phan b gom cac mo hinh bé chura: (1) Surface Tank
Model (M6 hinh bé chira nuéc mit): bao gdm cac yéu té dong thim vao ting chwa bio hao,
dong chay bé mit, khu trir bé mit, bdc thoat hoi nudc,...; (2) Unsaturated Tank Model (M
hinh bé chira tAng chua bio hoa): Bao gdm cac yéu td dong thAm xudng tang ngdm, dong
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chay dudi 16p mat, khu trix
dudi 16p mét,...; (3) Aquifer
Tank Model (Mo hinh bé chua
ngam): bao gdm cac yéu to
dong chay ra khoi tang nudc
ngam, ton thit dong chay
ngam; va (4) River Tank
Model (Mb hinh bé chira song
sudi): md ta luu luong dong
chay trong song [17].

2.3. Dir liéu nghién ciu va
phwong phap nghién ciru

a) Dir liéu mua thu nhan
tr v¢ tinh ¢6 do bao phu toan
cau v6i nhimg dic tinh ky
thuat khac nhau nhu d¢ phan
giai vé khong gian (spatial
resolution) va vé thoi gian
(temporal resolution). Cac dix
liéu mua v¢ tinh nghién ctru va
danh gia vé do chinh xac [19],
két qua nghién ctru cho thay
cac dir liéu mua tor v€ tinh
dugc cung cép lién tuc, c6 do
chinh xac khong cao nhung c6
thé sir dung d6i v6i khu vuc
thiéu s6 litu mwa. Trong
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Nghién ctru tong quan
dinh huéng tiép can. muc tidu
va noi dung thue hién

Téng quan céc phirong phap.
k¥ thuat va cong cu
nghién ciru

v

Thu thap ban db. co sa dit liéu
nén. anh vién tham.
dit ligu GIS ...

Lua chon phwong phap.
k¥ thuat va cong cu
nghién ctm

Thu thap s6 liéu khi
tirong - thiy van

|
v

v

dir liéu GIS théng tin dia hinh,
tham phi. mura....

Phan tich. xit Iy anh vién tham.

Phan tich, xu 1y du liéu tran lu
thang 8/2017 va 6/2018

v

Thiét lap mé hinh IFAS mé phong,
hiéu chinh va kiém dinh dong chay
ImLVS L6 - Gam

v
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Hinh 3. So d6 nghién ciru.
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nghién ctru nay, dir liéu mua GSMAP da duoc str dung.

b) Dit liéu mé hinh sé d6 cao (DEM) ciing dugc str dung trong nghién ctru dé phan luu
dong chay, phan chia luu vuc va tiéu luu vue cho vung nghién ctru. Két qua nghién ctru vé
DEM [20] d3 chi ra dir lieu DEM mo ta rat t6t vé mit dia hinh cho ving nghién ctru véi hé
sd twong quan R? déu 16n hon 0,98. Trong pham vi nghién ctru nay, dit liéu ALOS DEM da
duoc su dung.

¢) Mot s dit lidu toan cau khéc ciing duoc sir dung trong cung cap s liéu dau vao nhu
s6 lidu 16p phu bé mat toan cau (GLCC) cia Co quan Pia chat Hoa Ky (USGS) va Ban d6
s6 dir liéu dat toan thé gioi (DSMW) cua T6 chirc Luong thuc va Nong nghiép Lién Hiép
Quéc (FAO).

d) Bé danh gia két qua md phong 1i tir mé hinh IFAS s6 liéu thuc do trong hai tran 1
thang 8/2017 va thang 6/2018 tai tram thiy van Pao Puc da dugc stir dung.

2.4. Pdanh gid két qua mé phong dong chay lii
D¢ danh gia két qua giira gia tri mo phong 1ii tir IFAS va thuc do tai tram thiy van,
nghién cau sir dung hé so NSE (Nash-Sutcliffe), hé so xac dinh R?, hé s6 RMSE, PE va

PBIAS: )
Hé so Nash-Sutcliffe (NSE) [23-25]:

NSE =1- 21 Qus = Qi) (Gia tri NSE < 1) 1)

Z:=1(Qobs,i - aobs )2

Trong d6 Qsimi, Qobs;i 1 gid tri mo phong va thyc do tai thoi diém i; Q,,, 14 gia tri trung
binh thuc’do.
Ha sb xac dinh R2 [21, 22]:

RZ _ Zinzl(Qobs,i _aobs)(Qsim,i _Qsim) (Glé tri 0 < RZ < 1) (2)
\/Z::l(Qobsyi _aobS) ZL(Qsim,i _asim)

Trong d6 Qsim,i, Qobs;i |2 gid tri md phong va thuc do tai thoi diém i; Q,, Qg 12 gid tri
trung binh m6 phéng va thuc do.
Sai so binh phuong trung binh RMSE (Root Mean Square Error) [26]:

1 n 2
RMSE = \/H Dt (Qussi = Qi) @)
Phan traim BIAS (PBIAS) [27]:
PBIAS z (Qob5| _Qsim,i )X]‘OO (4)
Zi:]_Qobs,i

Sai s6 dinh lii PE (Peak Error):
pE = | M8y =M, | 100 (%)
Maxobs

Trong d6 MaxXsim,i, MaXobs,i 1a gia tri dinh 1 m6 phong va thyc do.
2.5. Thiét lap mé hinh phén bo IFAS

a) Thiét 1ap thong tin chung vé luu vire cho m6 hinh IFAS . )

Do khong c6 cac s6 liéu dia hinh, dia chat phan di¢n tich luu vuc nam ¢ phia Trung Quoc
nén trong nghién ctru nay. St dung dir liéu DEM ALOS d¢ phén giai 30 m va cong cu GIS
phan chia luu vuc, phan chia song su6i thong qua mo dun Basin Data Manager cho phan luu
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vuc nim & phia Trung Quéc va luu vuc ndm & Viét Nam; str dung s6 liéu toan cau GLCC dé
lay thong tin vé 16p phu bé mat va st dung dir licu DSMW d¢ lay thong tin dir liu dat dua
vao mo hinh thuy van phan bo IFAS (Hinh 4 va Hinh 5

Hinh 3. Két qua phan chia (a) luu vuc va (b) tiéu luu vue Lo - Gam.

Hinh 4. S6 liéu (a) dia chit (soil) va (b) 16p phu bé mat (land use).

b) Thiét lap thong s6 mo hinh

Dbi véi nghlen ctru nay, mo hinh bé chira 2 16p s& dugc lya chon do viée mo phong dong
chay 1l c6 thoi gian ngan chi trong vai gio hodc vai ngay. Do do, cac thong s6 can thiét lap
trong mo hinh bao gom 16p song sudi, 16p dong chay ting ngdm nudc va dong chay mat.

Hinh 5. Thong s (a) dong chay mit (surface), (b) ting ngdm nudc (aquifer) va (c) song sudi (river course).
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c) Dt liéu mua dugc str dung cho md hinh

Qua két qua nghién ctru vé& dir liéu mua thi dit liéu GSMAP la dit liéu c6 do phan giai
khong gian va thoi gian twong doi tot, dap tmg yéu cau cua nghién ctru, ngoai ra dir licu
GSMAP_Ga,uge gﬁng la dir liéu da duoc hi’éu chinh dya trén phan tich tir cac so li€u tram
mua trén khap thé gidi dugc NOAA cung cap.

3. Két qua nghién ctru va thio luin

Nghién ctru ndy s& sir dung mé hinh IFAS dé moé phong tran 1 thang 8/2017 véi cac
thong sb6 dugc hiéu chinh va kiém dinh lai md hinh véi tran 1d thang 06/2018 tai tram thiy
van Dao Duc trén song Lo.

a) Két qua hiéu chinh mé hinh IFAS cho tran lii thang 8/2017

DPé mo phong cho tran i thang 8/2017 luu vuc Lo - GAm, cac b thong s6 ciia md hinh
dé duoc hiéu chinh dam bao viéc m6 phong 1a chinh xac nhat vé thoi gian xudt hién dinh 1i
va luu luong 10 16n nhat. Trong cac bo thong s6 ctia mo hinh, thong s6 16p bé mit (surface
layer) va 16p ngam nudc (aquifer layer) dugc dung dé hiéu chinh mé hinh; con thong s6 16p
song sudi (river course) dugc thiét 1ap dya trén thudc tinh ctia cac song va nhanh song, do do
s€ khong dugc sir dung dé hiéu chinh nhim tranh viéc mat 6n dinh ctia mo hinh, theo khuyen
c4o hudng dan sir dung ciia IFAS [17].

Hinh 7 va Hinh 8 gi¢i thiéu két qua st dung mo hinh IFAS dé mé phong tran 1i 8/2017
tai tram thily vin Dao Puc sau khi da hiéu chinh cac bo thong sb 16p bé mit (surface layer)
va 16p ngdm nudc (aquifer layer) va so sanh giita gia tri thuc do v6i gia tri mé phong. Két
qua tinh toan h¢ s6 twong quan R? giita luu luong 1ii thuc do va md phong dat R? = 0,81 (Hinh
9) con hé s6 Nash-Sutcliffe (NSE) gitra thuc do va mo phong ciing dat NSE = 0,80; gié tri
PE = -0,16; gia tri PBIAS = -5,62 va gia tri RMSE = 174,21. Nhu vay két qua mo phong
dong chay lii thang 8/2017 1a chip nhan duoc.
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Hinh 7. So sanh két qua mo phong véi thuc do tran 1i 8/2017.
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Twong quan mé phéng va thwe do tran I 8/2017
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Hinh 8. Tuong quan gitta mé phong va thyc do tran i 8/2017.
b) Két qua kiém dinh lai m6 hinh IFAS véi tran i thang 6/2018
Mic du két qua mé phong véi viée hiéu chinh cac bo thong sd cho dong chay 1t song Lo
tai tram thuy van bao buc véi tran 1 thang 8/2017 1a kha tot, tuy nhiép van can kiém dinh
lai m6 hinh d€ dam bao ket qua m6 phong cua md hinh véi b thong so 1a chinh xac. Trong
ndi dung nghién ctru nay, tran I thang 6/2018 da dugc xem xét dé danh gia kiém dinh lai mo
hinh IFAS.

- Keétqua kiém dinh lai m6 hinh chp tran I thang 6/201,8 tai tram thuy van Pao Ptc dugc
the hién trén Hinh 10 va Hinh 11. Két qua tinh toan h¢ s6 twong quan R? giita Iuu luong L
thuc do va m6 phong 1a R?2= 0,93 (Hinh 12), con h¢ s6 NASH gitta m6 phéng va thyc do la
NSE = 0,91; hé so PE = 2,0; hé¢ so PBIAS =-11,66; hé¢ so0 RMSE = 209,70.

¢) Nhan xét chung vé két qua nghién ctru

_ Cac két qua md phong 1 trén luu vire séng Lo - Gam, s dung mo hinh IFAS v6i dir ligu

vién tham lam dau vao, cho thay su phu hop cao voi cac tran i thuc té.
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Hinh 9. Két qua m6 phong tran 1d 6/2018 bang mé hinh IFAS.
So sanh lru lwgng mé phéng va thwc do tran Il thang 6/2018
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Hinh 10. So sanh két qua m6 phong va thuc do tran 1ii 6/2018.



Tap chi Khi twong Thity van 2025, 774, 53-63; doi:10.36335/VNIJHM.2025(774).53-63 61

Tuong quan md phdéng va thwe do trdn T 6/2018
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Hinh 11. Tuong quan gitra m6 phong va thuc do tran lii 6/2018.

4. Két luin

Viéc két hop dir liéu vién tham lam dau vao cho md hinh IFAS di duoc thuc hién trong
nghién ctru ndy dé mo phong ché do dong chay trong cac tran 1ii cho luu vyc song Lo — Gam,
nghién ctru dién hinh cho céc tran 1ii trén song Lo tai tram thity vin Dao Pirc. M6 hinh IFAS
thé hién kha ning vuot troi trong viée xtr Iy khéi lugng 10n dit liéu vién tham, bao gdm nhiéu
loai dir li¢u khac nhau, dac biét 1a dir liéu mua vé tinh. Bén canh do, thoi gian tinh todn mo
phong ctia mé hinh rat nhanh. Nghién ctru da s dung dir liéu mua vé tinh GSMAP va dix
liéu d6 cao DEM ALOS. Két qué tinh toan cac h¢ s6 R?, NSE, PBIAS, RMSE va PE gitra
thuc do va tinh toan mé phong dong chay 1 qua 2 tran lii vao nam 2017 va 2018 cho thiy
md phong dong chay 1 tir mo hinh IFAS tuong ddi chinh xac, va c6 thé ap dung trong cac
bai toan m6 phong 1t s dung dir liéu tir vé tinh vién tham. Két qua ctia nghién ctru cho thay
viée st dung dir liéu vién tham da hd trg tot cho viéc mo phong dong chay 1 cho khu vuc
con thiéu s6 liéu tir phia Trung Quoc ho tro cong tac diéu hanh cac ho chua trén luu vue nhu
h6 Tuyén Quang, Thac Ba, Ba Bé,... giam thiéu tic dong cho ha du luu vuc séng L6 - Gam.
Tuy nhién, han ché ctia d6 chinh x4c tir dit liéu vién tham, dic biét 1a dir liéu mua c6 thé
khién két qua mo phong lii tir mo hinh d6i khi khong chinh xac, ciing nhu kha ning hiéu
chinh cac dir liéu mua v¢ tinh tir cac nguén dir liéu mua thuce do.

Pong gop cua tac gia: Xay dung y tuong nghién ciru: B.T.H., B.T.V.; Xur ly s6 liéu: B.T.H.;
Viét ban thao bai bao: B.T.V.; Chinh stra bai bao: B.T.V.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, két qua nghién ctru chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién
ctru trude day.
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Study on simulating cross-border flood flows in the Lo - Gam
river basin using remote sensing data and the IFAS model

Bui Tuan Hai*, Bui The Vant!

LInstitute of Water Resources Planning; buituanhai@gmail.com; vanbt53@wru.vn

Abstract: The Lo-Gam River basin, a major river basin in Northern Vietnam, is prone to
flooding during heavy rainfall. However, over 40% of its upstream area lies within Chinese
territory, resulting in a scarcity of observational data and posing significant challenges for
flood forecasting. Leveraging advancements in satellite technology, the integration of
remote sensing data and hydrological models has proven effective for transboundary water
resource management. This study focuses on simulating transboundary flood discharge in
the Lo-Gam River basin using a combination of satellite data and the IFAS distributed
hydrological model. The results show good agreement between simulated and observed
data: (1) Calibration for the August 2017 flood achieved R? = 0.81 and NSE = 0.80; (2)
Validation with the June 2018 flood yielded R2 = 0.93 and NSE = 0.91; (3) This study
demonstrates the effective applicability of this approach for flood simulation in data-scarce
river basins.

Keywords: Lo - Gam basin; Remote sensing; IFAS.



