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Tém tit: Phan om cac lieu vue trén thé gidi la huu viee thiéu/ khong c6 s6 liéu; tuy nhién cong
tac dw bdo dong chay cho cdc heu viee nay dang doi dién véi nhiéu théach thire. Muc dich ciia nghién
cuiru nay la sw dung va so sanh cac phwong phap khac nhau nhw phwong phap lvu vuc twong tu,
phirong phdap mé hinh gom: SWAT, tich hop mé hinh SWAT-MODFLOW va IFAS trong dir bdo dong
chay. Khi luu viee nay dang déi mdt voi cdce van dé lién quan dén quan Iy tai nguyén nude, viée c¢é
thé du bdo duwgc dong chay trén luu vuc la rat can thiét. Két qud cho thd’y, viéc mo hinh IFAS da duoc
hiéu chinh va kiém dinh sé cé thé dwoc ding dé dw bdo dong chay phuc vu cho cong tdc quan Iy ti
nguyén nude. Bén canh do, viéc tich hop hai mé hinh SWAT va MODFLOW rdt hitu ich trong viéc
khai thdac nhitng mdt manh ciia cdc mé hinh nay. Két qud nay cé thé sir dung cho quadn 1y tai nguyén
nude cing nhuw cung cdp thém cong cu cho dw bdo dong chay & nhing luu viee thiéu/khéng cé s6

liéu.

Tw khoa: Dy bao dong chay; luu vic khong co 6 liéu; luu viee twong tw; IFAS;, SWAT: MOD-

FLOW; SWAT-MODFLOW.
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1. Mé dau

Dy bao dong chay dong gop mot phan rat
quan trong cho sy phat trién cua xa hoi. Li lut
anh huong nghiém trong dén nguoi dan & ving
chiu anh hudng do thiét hai vé tai san, hoa mau
va tham chi 1a thiét mang [1]. Trong giai doan
2000 - 2014, udce tinh c6 khoang 39% tham hoa
thién tai trén toan thé gidi xuat phat tir 1 lut, gy
thiét hai khoang 397 bilion USD [2]. Do do,
cong tac du bao dong chay co thé gitip con ngudi
giam thiéu nhiing thiét hai lién quan dén cudc
sdng cua con ngudi va cua cai, nhitng cai thuong
xuyén bi anh hudng do 10 hodc It quét. Nguoc
lai, trong mua kho, cong tac nay cling cho phép
cac nganh khac nhu nong nghiép, cong nghi¢p,
sinh hoat, moi truong c6 du nudce can thiét cho
hoat dong ctia ho. Chinh vi vay, du bao dong
chdy 1a can thiét dé giai quyét cac van dé lién
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quan dén quan 1y tai nguyén nudc nhu: phan bd
ngudn nude; thiét ké cac cong trinh nhu dap tran,
ho chira, dé ke; chat luong nude va nude cung
cap [3]. Quan trong hon cé, cong tac ndy con rat
quan trong trong viéc quan 1y rui ro lién quan
dén dy béao 18, du bao can va danh gia moi
truong [4].

Trong nghién ctru thuy van, viéc du bao dong
chay cho cac Iuu vuc thiéu/khong c6 s6 liéu van
dang 1a mot thach thirc 16n véi cac nha thuy van.
Mic di phan 16n cac luu vye trén thé gidi 1a luu
vuc thiéu/khf)ng c6 s6 liéu, nhung hau hét cac
nghién ctru chi tap trung vao dy bao dong chay
cho cac luu vue 6 sd liéu véi nhiéu tién bo duge
ghi nhan [5]. Trong khi d6, thach thirc 16n nhat
ctia cac luu vuc /khong 6 sb lidu 1a ¢ mé hinh
kiém dinh dé giam tinh khong chic chan cua
cong tac du bao dong chay cho cac luu vuc nay.

Nghién ctru nay s€ st dung phuong phap luu
vuc tuong tu va phuong phap moé hinh trng dung
du bao dong chay cho luu vyc song La Vi; mot
luu vuc thiéu s6 liéu ¢ tinh Binh Dinh, thudc
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vung Duyén hai Nam Trung Bg, Viét Nam. Luu
vuc nay dang phai ddi mat véi mot sd van dé
quan trong co lién quan dén quan 1y tai nguyén
nudc va tai nguyén dat [6]. Do anh huong cia
phat trién nong nghiép, nhu cau st dung nudc
gia ting dang ké. Su han ché cua ngudn nudc
mit trong mua kho dan dén su khai thac nude
ngam qua mirc dé phuc vu cho muyc dich néng
nghiép. Do vdy viéc tinh toan cin bang nudc
cling nhu dy bao dong chay 1a rat can thiét cho

luu vuce song La Vi.

2. Mb ta khu vue nghién ciru, s6 liéu va
phwong phap nghién ctru

Pham vi va khong gian nghién ctru nam 6 luu
vuc song La Vi, tinh Binh Pinh, Viét Nam. Luu
vuc ¢ gidi han tir 13°57' dén14°05' vi 46 Béc va
tir 108°55' dén 109°06' kinh d6 Pong. Py 1a mot
lru vye c6 dién tich twong dbi nho, chi khoang
96 km?,

Hinh 1. Luu vuc song nghién cuu (a) va luu vuc song twong tu (b)

Dt liéu st dung trong phuong phap nghién
ctru: s6 liéu thuc do va so liéu vé tinh. S6 liéu
thuc do bao gém: s6 liéu mua, myuc nude, ban d6
sir dung dét, ban d0 phan loai dat. S6 liu vé tinh
gém c6: ban d6 DEM SRTM 0,1 arc; ban dd
tham pht, ban d6 cac loai dat, sb liéu vé boc hoi
tiém nang (PET). Phuong phap nghién ctru duoc
sit dung 1a phuwong phap so sanh. Cu thé cac
phuong phap khac nhau duoc sir dung gom:
phuong phép luu vuc trong tu; phwong phap mo
hinh (gdm mé hinh SWAT; tich hop mé hinh
SWAT-MODFLOW va mo hinh IFAS).

Phuong phép Iuu vuc tuong tu 1a mét trong
nhitng phuong phéap hay dugc ap dung nhat dé
tinh toan dong chay cho nhimng luu vuc thiéu/
khong c6 dit liéu bang cach so sanh cac thong s6
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ctia m6 hinh hodc cac dic diém cua luu vuc [7].
Nhirng dic diém cua luu vuc gdm co: diéu kién
dia hinh, loai dat, dat sir dung, mua va nhiét do,
1a nhitng tiéu chuan so sanh dé ap dung phuong
phap nay. Dé tinh toan dong chay cho luu vuc
khong c6 s6 liéu, mot phuong phap hay dung d6
l1a phuong phap ti 1€ dién tich duoc tinh toan dya
vao cong thtc 1 [8]:
Q=2 & (1)
Trong do: Ax 1a dién tich luu vyuc song co )
liéu (tuwong tu); Ay la dién tich luu vuc song
khong c6/ thiéu s6 lidu; Qx 1a luu luong tai ctra ra
cta luu vuc c6 sd liéu; Qy 14 Iuu luong tinh toan
tai ctra ra cua luu vuc khong co/ thiéu s liéu.
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Phuong phép moé hinh duoc st dung ¢ day la
mo hinh SWAT, Tich hop m6é hinh SWAT-
MODFLOW va Mo hinh IFAS.

M6 hinh SWAT 1la md hinh theo thoi gian
lién tuc va ban phan bd, md hinh duogc xay dung
dé du bao su anh hudng cua vi¢e str dung dét dén
tai nguyén nudc va van chuyén bun cat trén luu
vuc [9]. Trong m6 hinh nay, cac luu vuc dugc
phan chia thanh cac vung hay cac luu vuc nho.
Mb hinh str dung dir liéu ngay nhu s6 liéu mua,
nhiét d6 16n nhat va nho nhét, tc do gio, buc xa
mat troi va do am tuong d6i dé mo phong vé
dong chay, bun cat va tham chi la chu trinh dinh
dudng. Cu thé, trong nghién ctru nay, dit liéu dau
vao cho mo6 hinh SWAT gé)m co dir liéu dia hinh
(DEM), s6 liéu muc nudc, sb lidu dat st dung,
loai dét va dit liéu vé khi tuong.

Tich hop m6 hinh SWAT-MODFLOW: Mo
hinh Modflow 1a mé hinh nudc ngdm 3 chiéu,
mot trong nhitng mé hinh nudc ngam hay duoc
su dung nhat. M6 hinh nay két hop dinh luat
Darcy va can bang khdi lugng dé mo phong ca
dong chay 6n dinh va khong 6n dinh. Do nudc
mét va nudc ngam co sy twong tic v6i nhau, va
nhig tac dong dén ngudn nay s& anh huong dén
ngudn kia (ca vé s6 lugng va chit lugng). Trong
khi d6, mo6 hinh nudc mat thi khong moé phong
su twong tic nudc ngdm va mo hinh nudc ngam
cling mo6 phong kém qua trinh dong chay mat,
do vay viéc tich hgp mo6 hinh nudc méat va nude
ngam duoc thyc hién. Tich hop mé hinh SWAT
va MODFLOW s¢ khai thac duoc nhimg diém
manh cua ca hai mé hinh. Trong truong hop nay,
lwong nude ngam gia nhap tir cac don vi thuy
van (HRUs) trong m6 hinh SWAT duogc str dung
lam dAu vao cho md hinh MODFLOW va nguoc
lai dong chay nudc ngam giita song va ting chira
nude duge trao doi sang mo hinh SWAT, su
phan bd theo khong gian va thoi gian trén luu
vuc s€ dugc mo6 phong [10].

BAI BAO KHOA HQC

Mo hinh IFAS la mo6 hinh thuy van phan
phdi, di dugc xdy dung va phat trién bai
ICHARM (International Centre for Water Haz-
ard and Risk Management - Trung tam quoc té
vé Quan Iy tham hoa nwée va riii ro) dé hd tro
cac qudc gia dang phat trién vé du bao 1 lut. Mo
hinh nay hd tro cac giao dién cho phép str dung
dau vao 1a dit liéu vé tinh hogc dit liéu bé mat
cho cac luu vuc & cac nude dang phat trién noi
ma thiéu sb liu thuc do. Cu thé 13, mo hinh
IFAS c6 thé tmg dung cho céc luu vyc thiéu dir
liéu vé dia hinh, thiy van boi vi mé hinh ¢6 kha
ning md phong dong chay va bo thong sé mo
hinh dua trén ) liéu vé tinh nhu dia hinh, s
dung dét va cac loai dat.

3. Két qua va thao luin

3.1 Phwong phap lvu vuc twong tw

Phuong phép luu vuc tuong tu dugce 4p dung
sau khi stt dung mot sb tiéu chi nhu lugng mua,
bdc hoi tiém ning, diéu kién tham phu, loai dat
dé so sanh hai luvu vic La Vi va Binh Tuong. Ly
do cua vi¢c lya chon luu vuc Binh Tuong dé ap
dung phuong phap luu vuc tuong tu 1a hai luu
vuc nay déu thudc luu vue Kone - Ha Thanh va
trong d6 tram Binh Tudng 14 ¢6 s6 liéu luu lugng
do dac tir nam 1979 - 2009.

Aravi

ABinhTuong

Qravi = BinhTuong 2)

Trong d6 Qravi 1a luu lugng tai cura ra luu vuc
song La V1 (m?/s); Qginhtuong 12 luru luong tai ctra
ra luu vuc Binh Tuong (m?/s); Aravi la dién tich
luu vuc séng La Vi (km?); Asinhruing 1a dién tich
luu vuc Binh Tuong (km?).

S6 lidu luu lwong trung binh ngay va luu
luong trung binh thang tai cura ra cuia luu vuc La
Vi duoc tinh toan dwa vao sb liéu luu luong thuc
do tai tram Binh Tuong, tinh Binh Dinh, két qua
duoc thé hién trén hinh 2.
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Hinh 2. Luu luwong trung binh ngay (a) va luu lwong trung binh thang (b) tai luu vuc song La Vi

Nhu két qua trén hinh 2 cho thay, luu lugng
trung binh ngay cua luu vyc song La Vi tir nam
1998 dén 2009 dao dong tir 50 - 240 m?/s. Trong
khi d6, Iuu luong trung binh thang dao dong theo
mua tir 15 - 65 m¥/s.

Trong phuong phap nay, luu lugng du bao
cho luu vuc séng La Vi phu thudc vao s6 lidu
luu lugng cua luu vuc tugng tu (Binh Tuong).

Tuy nhién trong trudong hop nay vi luu vue Binh
Tuong chi do dac s6 lidu trong giai doan 1998-
2009, chinh vi vay khi 4p dung phuong phap
nay, nghién ctru chi c¢6 thé tinh toan dugc dong
chay cho luu vuc séng La Vi dén nam 2009. Day
1a mot trong nhitng han ché cua phuwong phap
nay.

Bdng 1. So sanh két qua luu lirong mé phong gitta mé hinh SWAT va mé hinh tich hop

SWAT-MODFLOW
P . Mo hinh Tich hgp mé hinh
Ket qua )
SWAT SWAT-MODFLOW
Trung binh 4 3
L6n nhét 201 199
Nhoé nhét 0 0

19498-2I1 5
els

Hinh 3. Luu lwong mé phong tai cua ra cua luwu vuc song La Vit nam 1998-2015 giita SWAT va
mo hinh tich hop SWAT-MODFLOW
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3.2 M6 hinh IFAS

Két qua hiéu chinh va kiém dinh mo hinh
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IFAS cho luu vyc Binh Tuong duge thé hién
trong bang 2.

Bdng 2. Panh gid két qua mé phong va kiém dinh cho lwu vue Binh Twong bang chi s6 Nash

Niam  Hg s6 Nash-Sutcliffe (NSE)

1998

1999

2000

2001

2002

2003

2004

2005

2007

2008

0.75

0.7

0.6

0.7

0.6

0.85

0.35

0.82

0.7

0.75

Hinh 4. Luu lwong mo phong tai tram Cat Tan tie nam 1998 - 2015

Béng 2 cho thay khi so sanh luu lugng tinh
toan va thyc do tai tram Binh Tuong tr nam
1998 - 2008, chi tiéu NASH tuong ddi tot va
chap nhéan duoc (trir truong hgp moé phong cho
niam 2004). Do vy nghién ctru c6 thé sir dung

b thong s tir luu vue Binh Tudng dé sir dung
cho luu vuc La Vi. Két qua md phong cho luu
luong dong chay tai tram Cat Téan (ctra ra cua luu
vuc song La Vi) nhu hinh 4.
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Hinh 5. Luu lwong mo phong tai tram Cat Tan giita mo hinh SWAT va IFAS

Hinh 4 cho thiy luu lugng mé phong cho
tram Cat Tan cho giai doan tor nam 1998 - 2015
chtmg kién mot sy dao dong theo mua véi luu
luong dong chay 16n nhat khoang 160 m?/s mua
mua nam 2005. T nam 2010 - 2015, [wvong mua
trén luu vuc nghién ctru nho hon thoi gian trude
day, do vay luu lugng dong chay mé phong cling
giam, cu thé 1a dinh 1ii ciing giam.

Két qua so sanh cho thay (Hinh 5), nhin
chung luu lvong mo phong tir mé hinh IFAS thi
nho hon mé hinh SWAT. Thuc té trudce khi tién
hanh mé phong thi tac gia c6 nhan dinh rang mo
hinh IFAS 1& mé hinh dugc thiét ké cho dy bao
va canh bao 1ii, nén mo hinh nay s& c6 thé mo
phoéng dong chdy cao hon nhitng mé hinh phan
bd khac. Thue té thi hoan toan nguoc lai.

Nghién ctru ndy di cho thay rang, d6i v6i luu
vuc khong c6 s6 liéu hodc thiéu sb liéu thi viéc
do dac hodc diéu tra cac “sd liéu mém” 1a rt can
thiét cho cong tac kiém dinh mo hinh. Bén canh
do viéc st dung cac phuong phap khac nhau bao
gdm ca phuong phap truyén thong va phuong
phap mo hinh dé tinh toan mé phong dong chay
cho luu vuc song La Vi da tao ra mét dinh hudng
moi cho viée du bao cho cac luu vuc khong co sb
liéu. Ap dung mo hinh IFAS cho luu vuc khong
c6 s6 lidu tr viée str dung bd thong sb cua luu
vuc tuong tu 14n dau tién dugc ap dung. Viéc tac
gia tich hop hai mé hinh SWAT-MODFLOW dé
du bao dong chay mat cho luu vuc dua vao sb
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liéu vé do sdu muc nudc ngém la mdt sang tao
méi. Van dé tich hop hai mé hinh ndy van con
kha méi mé ¢ Viét Nam. Trong twong lai nén co
su dau tu hon vé thoi gian va tién hanh cong tac
diéu tra khao sat dé nang cao duoc chat luong
du bao cho cac luu vuc khong co sb liéu. Cong
tac diéu tra khao sat dé do dac céc so liéu trong
mot khoang thdi gian nao d6 dé phuc vu cho
cong tac kiém dinh két qua dong chay mo phong
cua mo hinh.

4. Két luan

Du bao dong chay dong vai tro rat quan trong
trong viéc giai quyét cac van dé lién quan dén
thiy van nhu quan 1y tai nguyén nude, gdbm co
phan bo ngudn nude va quan 1y rui ro. Tuy nhién
viéc du bao dong chay cho cac luu vuc khong
c6/thiéu s liéu hién nay van dang ddi dién vai
mot thach thirc 16n xuét phat tr viéc thiéu sd liéu
can thiét cho cong tac hiéu chinh va kiém dinh
mé hinh. Bang viéc str dung phuong phép khéc
nhau nhu phuong phap luu vuc twong tu,
phuong phap mé hinh gdm mé hinh SWAT, mé
hinh tich hgp SWAT-MODLFOW va md hinh
IFAS; nghién ctru da@ mé phong dugc dong chay
cho luu vuc song La Vi (tai cira ra). Trong s6 cac
phuong phap do thi phuong phép Iuu vuc tuong
tu ¢6 tinh chat tham khao, phuong phap sir dung
mé hinh IFAS d3 duoc hiéu chinh va kiém dinh
6 thé str dung cho muc dich thuc té nhu cho viéc
quan 1y tai nguyén nude. Pbi véi mo hinh tich
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hop SWAT-MODFLOW, viéc kiém dinh hai mo
hinh SWAT va MODFLOW duoc tién hanh doc
1ap trude khi tich hop s& nang cao chit lugng cia
viéc mo phong dong chay cho luu vyc nghién
ctru, va két qua do s€ dugc st dung mot cach
hi€u qua trong quan ly tai nguyén nudce. Do han
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ché vé thoi gian va kinh phi nén nghién ciru van
chua thuc hién duoc nhing diéu d6. Trong tuong
lai, cong tac diéu tra khao sat vé s liéu dong
chay thuc do cho mot khoang thoi gian lién tuc
can duoc tién hanh dé co thém co sé cho viée
kiém dinh cdc mé hinh.

Loi cam on: Nhom tdc gia xin chan thanh cam on su hé tro tich cuc tir TS. NguyéNn Kim Loi (Dai
hoc Nong Lam TPHCM) va TS. Dang Ngoc Tinh vé mé hinh SWAT va IFAS. Mét 1oi cam on dic biét
auri dén TS. Richard Winston (from USGS) da viét giao dién Model Muse cho mé hinh MODFLOW
va TS. Ryan Bailey, gidng vién tir truong dai hoc Colorado, di viét code cho viéc tich hop hai mé
hinh SWAT va MODFLOW va thao go nhitng kho khan trong qua trinh xdy dung va tich hop mo hinh
SWAT-MODLFOW.
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RUNOFF PREDICTION IN UNGAUGED BASINS: A COMPARATIVE
STUDY THE LA VI RIVER, BINH DINH PROVINCE, VIETNAM

Tran Tuyet Mai!, Okke Batelaan?, Margaret Shanafield?
'The National Centre for Hydro-Meteorological Forecasting
2Flinders University, Adelaide, South Australia, Australia

Abstract: The majority of basins throughout the world are ungauged, however, accurately
forecasting runoff in ungauged basins faces a series of challenges due to lack of data. Hence,
runoff prediction in these catchments remains an unsolved problem. The aim of this study is to
use and compare different approaches such as the regionalisation method and distributed hy-
drological models including the SWAT model, the coupled SWAT-MODFLOW model and the
IFAS model to forecast stream flow in the La Vi River basin. Because this basin faces a number
of critical issues related to water management, it is important to be able to predict the runoff.
The study shows that among these methods, the calibrated and validated IFAS model can be
used to predict streamflow and then the outcome can be used for practical purposes such as
water management. Another finding is that the coupled SWAT-MODFLOW model is very useful
to take the advantage of both the SWAT and MODFLOW models, however it would be better if
the SWAT and MODFLOW models could be verified before being put into the coupling processes.
The results of this study can be used for water resource management in this region as well as for
improving the toolkit for runoff prediction in ungauged basins.

Keywords: Runoff prediction; ungauged basins, regionalisation,; IFAS; SWAT: MODFLOW;
SWAT-MODFLOW.
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