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Tém tit: Trong nhimg nim gan day, cing véi su phat trién clia cong cu tinh todn va ning
lyc méy tinh, viéc phat trién va mg dung cic bd mo hinh thong s phan bb dang ngay cang
dugc chu trong va c6 xu hudng dap tmg tot hon nhu cau cua thyc tién vé do chi tiét theo
khong gian cua cac dau ra mé hinh. Nghién ctru nay nd luc gi6i thiéu dén véi cong dong
nghién ctru Viét Nam bg cong cu m6 hinh Wilow vbn di duoc st dung rong rai trén thé gi6i
va la m&t m6 hinh ma ngudén m¢é da dugc tich hop trong bo phan mém ho tro du bao Delft—
FEWS. M6 hinh Wflow_sbm da dugc thr nghiém trén mét s6 luu vue thugng ngudn dong
chinh séng Ma (den tram X4 La) va song Chu (dén ho chira Hiia Na) cho két qua tuong dbi
kha quan va cho thdy kha ning tmg dung trong tuong lai & cac luu vuc séng tuong ty & Viét
Nam.

Tir khéa: M6 hinh Wflow; Song Ma; Mi ngudn mé; M6 hinh thong sb phéan bb.

1. Mé diu

Hién nay c6 rat nhiéu cac cong cu md hinh tir don gian dén phurc tap nd lyc méd phong
dong chay tir mua cho cac hé thong song ngoi. Theo cach phan chia theo sy phy thudc vao
khong gian ciia cac thong sé mo hinh ma c6 thé phan chia cac mé hinh mwa dong chay thanh
cac nhoém: md hinh thong s6 tap trung (nhu NAM, TANK, LTANK, SSARR, UFM,...), md
hinh thong s6 ban phan bd (SWAT) va mé hinh thong sd phan bd (MARINE, TOP, B-
TOP,..). Cac m6 hinh ndy da va dang duoc ung dung kha da dang trén the gioi cing nhu &
Viét Nam, trong d6 véi cac tién bd vé nang luc tinh toan, kha ning cung cap cac s lidu dau
véo chi tiét theo khong gian (di li€u dia hinh, thd nhudng, tham phu, ...) dac bi¢t 1a voi sy
hd tro ciia cac cong ngh¢ quan trac vién tham nhu s6 liéu mua vé tinh, radar, ... nhém céc
mo hinh théng s phan bd di tré nén phd bién hon trong ca nghién ctru va cong tac du bao
nghiép vu. Hién tai, Deltares (Ha Lan), co quan phat trién phan mém hd tro du bao Delft—
FEWS (Flood Early Warning System), dé tp hop cac mé hinh thiy van phan bd dang ma
ngudn mé, dugc viét bang cac ngdn nglr khac nhau (Python véi cac phan mé rong PCRaster,
C ++, Fortran) va lién két cac phin mém nay v&i nhau bang cach sir dung 16p C # trién khai
OpenMI [1] trong d6 m6 hinh Wflow la mot phan thudc dy an Openstream. Cac mo hinh
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trong du an nay dugc chuan bi cac giao thire dé d& dang 1am viéc véi cac hé diéu hanh ciing
nhu cac nén tang quan Iy phuc vu mé phong, du bao dong chay, va dugc tich hop nhu 1a
nhitng thanh td cua bd cong cu hd tro du bao Delft—FEWS 1a hé théng dang dugc rng dung
thir nghiém tai Trung tim Dy béo Khi twong Thuy vin Qudc gia (Viét Nam).

Nham ndng cao hon nira kha ning tng dung cac tuy chon cua hé théng Delft-FEWS,
nhom nghién ctru thude truong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Noi gioi
thiéu bo cong cu md hinh thay vin trong thu vién ctia hé théng va thir nghiém kha ning tmg
dung cac mo hinh nay trong moé phong dong chay tai cac luu vye song ¢ Viét Nam. Nghién
clru nay trude hét gidi thiéu vé mo hinh WFlow sbm va két qua ing dung cho khu vuc mién
nui, thiéu sb liéu quan tric bé mat thudc luu vuc song Ma 1a luu vuc dén tram thiy van Xa
La trén dong chinh va dong chay dén ho Hiia Na trén séng Chu.

2. Gi6i thiéu b mé hinh Wflow va co s¢ 1y thuyét mé dun Wflow_sbm

WFLOW 1a bo m6 hinh thily van thong s6 phan bé ma ngudén mé cua Deltares dugc st
dung trong nhiéu dy 4n dé mé phong cac qua trinh muwa—dong chay trén quy mé luu vue. Gan
day, chuong trinh WFLOW di dugc phat trién thém, gitp dé dang thiét 1ap mo hinh WFLOW
v6i dit liéu toan cau & bat cir dau trén thé gidi. M6 hinh dugc lap trinh bang ngdn ngir GIS
dong (PCRaster) [2] vdi cdu tric md va c6 thé duge thay d6i va phat trién boi nguoi sir dung.

Mo hinh thong s6 phan b Wlow 13 bd mé hinh duogc thiét 1ap dé t6i da hoa cac ngudn
s6 liéu toan cau mé trén thé gidi do vay co thé hd trg cho cac nghién ciru & cac luu vue thiéu
s6 lidu. Duya trén cac dit liéu ludi vé dia hinh, thd nhudng, khi twong khi hau, mé hinh Wflow
c6 thé tinh toan tit ca cac chi sd thuy vin tai bat ky 6 ludi nao trong mé hinh tai bude thoi
gian tinh toan. M6 hinh Wflow c¢6 thé dugc tich hop va phat trién tiép cing voi cac mo hinh
khéac thudc Deltares nhu D—Hydrology, D-Flow FM va D-Water Quality (DELWAQ)...
Wflow bao gdbm mét tap hop cac chuong trinh python co thé chay trén dong 1énh va thuc
hién cac m6 phong thuy van. Cac mé hinh duge dya trén khung python PCR m6 rong (16p
wf_DocateFramework) dé cac mo hinh xdy dung bang khung c6 thé duoc klem soat bang
API, lién két dén BMI va OpenDA. Trong bd phin mém mé hinh Wflow bao gom nhiéu mé
dun c6 chiic ndng va nhiém vu khac nhau nhu: wflow sbm, wflow hbv, wflow gr4,
wilow_W3RA, wiflow_routing, wflow_wave, wflow_floodmap, trong d6, mé hinh
wflow sbm 1a mét phan mém doc 1ap trong bd phan mém Wflow, cé thé mg dung dé tinh
toan dé mo phong cac qua trinh mua—dong chay va da duoc 4p dung ¢ nhiéu qudc gia khac
nhau.

Béc hai tir
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Hinh 1. Cac qua trinh hinh thanh dong chay trong mo hinh Wflow_sbm.
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Hinh 1 m6 ta cac qua trinh dugc mé phong trong mé hinh wflow_sbm. Dau tién, md
hinh s¢& xac dinh mang lu6i song va diém do dua trén mo hinh sb do cao (DEM). Tiép theo,
ban dd su dung dat va thd nhudng duge dua va mé hinh, va cac thong s6 dugc ude tinh dya
trén cac dic diém vat 1y cua thd nhudng va loai dat sir dung. Luong mua bi ton thit duoc tinh
toan bang mo hinh Gash [3.4]. Céc qua trinh thiy vin tao ra dong chay dugc tinh toan dua
trén mé hinh TOPOG_SBM. M6 hinh Wflow sir dung lugng bdc hoi tiém ning lam sb liéu
dau vao va tinh toan luong bdc hoi thuc té dua trén ham lugng nudce trong dét va loai tham
thuc vat. Dong chay bé mit dugc mo hinh hoa bang phuong trinh séng dong hoc. Trong
truong hop bé thd nhudng da bio hoa mot phan, lugng mua roi trén khu vuc bdo hoa dugce
tinh vao dong chay bé mat. Céc tang chira nudc duoc thé hién bang mé hinh bé nudc co ban,
gia dinh d6 bao hoa thay ddi theo d¢ sau. Tang nudc ngam ctia md hinh duge mo phong bang
cong thirc Darcy. D6 sau cua dat dugc xéac dinh bai cac loai st dung dat khac nhau va dugc
chia ty 1 bang cach sir dung chi s6 6 4m dia hinh. Céc thong s khac nhau gin vdi timg loai
dat. Cac thong s nay bao gébm do sau ré, chi sb dién tich 14 (Leaf Area Index—LAI), ty 1
thoat hoi nuée tir tan wét dén luong mua trung binh (Ew/R), dd tan xa, trir luong tan t6i da,
khoang cach tan cdy. Cac tham sé dugc nhap vao mo hinh biang cic bang tra ctru. Cac bang
tra ciu nay dugc mo hinh st dung dé tao ban dd tham sb dau vao. Cac thong sb duoc lién két
v6i cac 16p ban do sir dung dat, loai dat va cac tiéu luu vuc thong qua bang tham chiéu. Chi
tiét cac phuong trinh ctia mé hinh bao gém phuong trinh mua ngin chan (1), phuong trinh
thd nhudng (2, 3, 4) duoc md ta trong nghién ciru ctia K. Hassaballah va cong su (2018) [5]

Pr=2mn|1-2A-p-p)7| (1)

Trong d6 P’ 1a luong nude can dé tan cay hoan toan bdo hoa; R 1a luong mua trung binh
trong mot tan cay bio hoa (mm ngay '); E,, 1a luong bdc hoi trung binh tir tan ciy wét (mm
ngay ),S 1a luong trit tan cdy (mm); p 1a hé s roi qua tu do (ty 1é mua roi xuéng dat ma
khong bi dir lai & tan cdy) va py 1a ty 1¢ mua chuyén than dong chay.

Trong phuong trinh thd nhudng, thé nhudng dugc coi 1a cac bé nudc c6 do sau khac
nhau (Z), gdm mdt bé chira bdo hoa (S) va mot bé chira chua bio hoa (U). Trir luong cia
mdi bé duge thé hién béng gia tri do sau. Tﬁng S & trén cung tinh dén do sau Z; duge tinh
bang cong thic:

S =(Z:-7Zi) (65— 6y) ()

Trong d6 s va ©; 1a ham lugng nudc bio hoa va du trong dat trong tng.

Tang chua bdo hoa duogc chia thanh 2 bé 1a bé chira (Us) va bé thiéu hut (Uq):

Us=(0s—6y) Zi—U 3)
Us=U-Uq 4)

3. Ung dung thir mé hinh WFlow_sbm & ti¢u luu vie song Ma dén tram Xa La va tiéu
Iwu vwre song Chu dén ho chira Hia Na

3.1. Gioi thiéu veé cac luu viee nghién curu

Luu vuc dong chinh séng Ma dén tram thuy van Xa La, c6 dién tich luu vuc khoang
6.430 km?, bao gdbm mot phan ctia cac huyén Mudng Ang, Tuan Gio, Dién Bién Dong thudc
tinh Pién Bién, mot phén cua cac huyén Thuan Chau, Mai Son, va 100% dién tich cua huyén
Séng M4, huyén Sop Cop thudc tinh Son La (Hinh 2). Pia hinh & day chu yéu 1a cac diy ndi
cao, dd dbc 16n, kha phte tap, bi chia cit manh boi cac day nui cao chay theo huéng Tay
Béc—Dong Nam xen k& voi cdc thung lling va hé thdng song, sudi. Piém cao nhét 1a dinh nui
Pu Hubi Luong (xa Na Say, huyén Tuan Gido, tinh Dién Bién) cao 2.179 m, diém thap nhat
tai mat cdt cira ra tram thuy van Xa La c6 d cao 275 m so V61 myc nude bién. ‘Trong luu
vuc va lan cén c6 2 tram khi tugng va 9 diém do mua, chu yeu 6 s6 liéu quan tric lién tuc,
ddng bo tir nam 1981.
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Hinh 2. Ban dd dia hinh luu vue song Ma dén tram X3 La.

Luu vuc song Chu tinh dén ho Hua Na, ¢6 dién tich luu vuc khoang 5.345 km?, phén 16n
dién tich thudc dia phan ctia Lao (chiém 90% dién tich) va mot phan cta huyén Qué Phong
thudc tinh Nghé An (Hinh 3). Dia hinh ¢ day chu yéu la cac day nui cao, d dbc 16n, kha
phirc tap, bi chia cit manh boi cac dy niii cao chay theo hudng Tay Bic—Dong Nam xen k&
v6i cac thung liing va hé thdng song, sudi. Diém cao nhit 1 dinh nii Phu Nam (Hudi Phin,
L40) cao d6 +2050 m, diém thép nhét tai khu vuc mat cét ctra ra (tuyén cong trinh dap Huaa
Na) c6 cao do tu nhién khoang +152 m so véi muc nudc bién. Trong luu vuc va lan cén ¢o6 1
tram khi tugng va 6 diém do mua, chu yéu 6 sb lidu quan tric lién tuc, déng bo tir nam 1981.
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Hinh 3. Ban dd dija hinh luu vuc song Chu dén hd Hua Na.

3.2. Chudn bi dif liéu dau vio

Nhim phuc vy thiét 1ap mé hinh va xac dinh cac bd thong s, cac loai dit liéu, sb liéu da
thu thap trén cac luu vuc nghién ctru bao gdm: s6 lidu quan tric cac yéu té mua ngay cua 11
tram mua: Pién Bién, Muong Cha, Pha Pin, Thuén Chau, Séong Ma, Xa La, My Ly, Qué
Phong, Quy Chau, Cira Pat, Muong Lat, s6 liéu luu lugng trung binh ngay tai tram Xa La
nam 2015, 2017, s6 liéu luu luong dén hoé Hua Na (4obs/ngay) cac ndm: 2016,2017,2018;
ban d6 dia hinh ty 1& 1/50.000 (phan luu vuc séng Ma thudc dia phan Viét Nam), ban d6 thd
nhudng (huyén Song Ma, huyén Sép Cop). Phan luu vyc thude Lao sir dung ngudn dia hinh
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SRTM (30x30m), tham phu thuc vat tir MCD12Q1.006 MODIS, thé nhudng tir FAO (Digital
Soil Map of the World, nam 2007).
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Hinh 4. Ban db 16p phu thyc vat luu vyc séng Ma dén  Hinh 5. Ban db 16p phu thyc vét luu vuc song Chu
tram X4 La. dén hd Hua Na.

3.3.  Thir nghiém mo hinh Wflow _sbm

Nhiam muc dich théng nhat cho cic nghién ctru & giai doan tiép theo, mé hinh
Wilow sbm dugc thiét 1ap bao trum toan bd dién tich luu vuc song Ma voi 43.520.204 ph?m
tir. Nham dénh gia kha ning mo phong ciia mé hinh WFLOW, nghién ciru tién hanh hiéu
chinh va kiém dinh mé hinh véi giai doan gan day 2015-2018 (day la giai doan thong tin vé
s6 liéu, tai liéu tham phu, thd nhudng, mwa, dong chay kha ddy du va dong nhat). Két qua
mo phong giai doan hiéu chinh (2015-2017) cho thay: s6 liéu dong chay mo phong va thuc
do kha tuong déng, cu thé tai X3 La: ndm 2015 chi sb Nash—Sutcliffe dat 0,61, chi s PBIAS
1a 18,55, nam 2016 chi sé Nash-Sutcliffe dat 0,51, chi s6 PBIAS 1a 34,5, nam 2017 chi s6
Nash—Sutcliffe 1a 0,66, chi sé6 PBIAS 1a 18,57 (Hinh 6-8, Bang 1). Tai Hua Na: nam 2016
chi s6 Nash-Sutcliffe dat 0,74, chi s6 PBIAS la 12,38, nim 2017 chi s6 Nash-Sutcliffe 1a
0,80, chi s6 PBIAS 1a —5,24 (Hinh 10-11, Bang 1). B thong s6 thu dugc trong giai doan
hiéu chinh dugc sir dung d¢ mo phong cho nam 2018 (kiém dinh). Két qua cho thay, tai tram
X4 La chi s6 Nash—Sutcliffe 1a 0,72, chi sé PBIAS 1a 17,4 (Hinh 9, Bang 1), tai Hua Na chi
s6 Nash—Sutcliffe 1a 0,70, chi s6 PBIAS 1a —1,41 (Hinh 12, Bang 1). Két qua cho thiy mo
hinh dugc xem 1a tdt khi gia tri chi s6 Nash—Sutcliffe va chi sb PBIAS déu dat muc chinh
xéc tot dat yéu cau vé chit luong mé phong.
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Hinh 6. Két qua mo phong véi gia tri thuc do luu lwong  Hinh 7. Két qua mé phong véi gia tri thuc do luu lugng dén
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Hinh 9. Két qua m6 phong véi gid tri thuc do luu lugng dén

Hinh 8. Két qua mé phong véi gié tri thire do luu luong .
Xa La giai doan kiém dinh nam 2018.

dén tram X3 La giai doan hiéu chinh nam 2017.
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Hinh 10. Két qua md phong véi gié tri thuc do luu lugng  Hinh 11. Két qua md phong véi gia tri thuc do luu lugng dén
dén hd Hua Na giai doan hiéu chinh ndm 2016. hd Hua Na giai doan hiéu chinh nim 2017.
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Hinh 12. Két qua mé phong véi gia tri thuc do luu lugng dén hd Hua Na giai doan kiém dinh niam
2018.

Bang 1. Két qua hiéu chinh va kiém dinh mé hinh WFLOW.

NASH PBIAS
Nam Ghi chu
Xa La Hua Na Xa La Hua Na
2015 0,61 18,55 Hiéu chinh
2016 0,51 0,74 34,5 12,38 Hiéu chinh
2017 0,66 0,80 18,57 -5,24 Hiéu chinh
2018 0,72 0,70 17,4 -1,41 Kiém dinh

Nhu véy, bo thong sb tim duge (Bang 2) c6 do tin cdy dé co thé sir dung trong cong tac
mé phong phuc hoi s6 lidu dong chay tram thiy van Xa La tir s6 lidu cac tram mua trén luu
vuc va 1an can hodc c6 thé lam co s& dé xay dung cac phuong 4n du bao dong chay ngay
hodc phuc vu cong tac danh giéd theo cac kich ban nhu BDKH hay tdc dong cua cac cong
trinh.

Bang 2. Bo thong s6 mé hinh WFLOW.

. Gia tri cho luu Gia tri cho luu vue
Tén thong so Mo ta P
vue tram Xa La dén ho Hiua Na
N Hé s maning cta dat 0,03-0,07 0,035-0,06
N_River Hé sb maning trong song 0,025-0,035 0,032-0,045
MaxLeakage Luong nudc ro ri ra khoi dét 1 1.5
) Phén sé d6 sdu cia dit gop
RunoffGeneratingGWPerc \ 0,2 0,5
phan tao ra dong chay phu
thetaR.tbl Ham lugng nuéc du 0,01-0,05 0,03-0,06

KsatVer Do dan bio hoa 5-25 5-25
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3.4. Nhan xét

Két qué budc dau trén luu vuc song Ma tai cac tram thuong nguén (Xa La, Hua Na) cho
thdy ddy 12 mot mé hinh kha hiéu qua trong viéc md phong dong chay. M6 hinh nay c6 mot
s6 wu diém ndi bat: 1a mo hinh ma ngudn ma, cho phép ngudi ding cai tién mé hinh; tée do
tinh toan nhanh, én dinh trén window va linux; cong tac chuén bi s6 liéu dau vao don gian
khi két hop véi cac cong cu GIS thong dung nhu ArcGIS, QGIS; twong thich cao véi hé théng
hd tro du bao FEWS dang duoc trién khai du bao nghiép vu tai Trung tam Dy bao Khi tugng
Thuy van Quéc gia... Bén canh d6, mo6 hinh con tdn tai mot s6 nhuge diém chua c cong cy
hd tro trong viéc do tim thong sd tdi wu cho mé hinh, mé phong chua tbt véi cac khu vuce c6
dia hinh bang phéng.

4. Két luan va kién nghi

Nghién ctru di xay dung bd mé hinh thiy van phan b6 WFLOW _sbm, 4p dung tinh toan
dong chay cho luu vyc song Ma. M6 hinh d duoc hiéu chinh va kiém dinh véi chudi s liéu
lru lwong trung binh ngay tai tram thily van Xa La va dén ho Hua Na. Cac két qua danh gia
vé sai s6 dap tmg dugc yéu cau cho phép mé hinh c6 thé sir dung dé mé phong danh gia dién
bién dong chay ngay, thang trén luu vuc. Trong thoi gian tiép theo, nhom tac gia sé& tiép tuc
nghién ctru tng dung bd cong cu nay dé mod phong dong chay 1ii trén luu vue.

Pong gop ciia tac gia: Xy dung ¥ tuong nghién ctru va phan céng nhiém vu trién khai:
T.N.Anh; Lua chon phuong phap nghién ctu: T.N.A., B.D.D., N.T.T., P.D.H.B.; Hiéu chinh,
kiém dinh mo hinh va chay céc kich ban: N.V.N.,, N.T.T., b.b.b., P.D.H.B; Viét ban thao
bai bao: T.N.A., P.D.H.B., B.D.D.; Chinh stra bai bao: N.V.N., N.T.T., P.D.H.B.

Loi cam on: Nghién ctru nay duoc thuc hién tai Trung tdm Pdng luc hoc Thuy khi Méi
truong, Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha No6i. Bén canh @0, tap thé
tac gid tran trong cdm on sy giup do cua cac dai tram trén mang luoéi luu vuc song Ma trong
qué trinh khéo sat va thuc hién nghién ctru nay.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru ciia tap thé
tac gia, chua dugc cong bo ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Introduction of WFLOW model toolkit for flow simulation in
Vietnamese river basins. Part 1: Wflow_sbm model
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Abstract: In recent years, along with the development of computational tools and
computing capabilities, the development and application of distributed (parameter) model
sets have been increasingly paid attention. This research attempts to introduce to the
Vietnamese researcher community the W—flow modeling toolkit which has been widely
used around the world and is an open—source model that has been integrated in the
forecasting support software (Delft-FEWS). The Wflow_sbm model has been tested on a
number of basins upstream of the Ma River (upto Xa La station) and Chu River (upto Hua
Na reservoir) with the good results hence shows the applicability in the similar river basins
in Vietnam.

Keywords: WFlow model; Ma River; Open source; Distributed model.



