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TOM TAT

Dong chay trén Iwu vure séng Kén, séng
Ha Thanh, thuong lwvu dam Thi Nai dong vai
tro hét sirc quan trong trong phat trién kinh
té - xa héi tinh Binh Dinh. Viéc danh gia tiém
ndng nguén nuwéc cda lwu vuc gép phéan
dam bado cbng tac quy hoach tai nguyén
nwéc, phuc vu nhu céu phéat trién bén viing
trong twong lai. Trong bai bao nay, nhom
nghién ctu trinh bay két qua buwéc déu st
dung mé hinh SWAT nham danh gia luwu
luong trén toan lwu vuc. S6 liéu mé phdng
nhiéu ndm bao gém gbém céc di¥ liéu mua va
khi twong 1én t6i 36 ndm bao gém céc tram
quan trac trong khu vuc. Céac tham sé cua
mé hinh dwoc hiéu chinh va danh gia dé

nhay bang phdn mém SWAT-CUP véi thuéat
toan SUFI-2 (Semi Automated Sequential
Uncertainty Fitting) va tram thdy védn Binh
Tuong (1980 — 1995). Két qué hiéu chinh
dat duoc chi s6 Nash 0,51 hé sé tuong quan
R2 0,54, hé s6 PBIAS bang 15,01 % voi
buéc thoi gian ngay. Két qua tinh toén cho
théy trung binh dong chdy dé vao dam Thj
Nai tr nhanh séng Kén la 105,16 va sbng
Ha Thanh bang 19,77 mds. Két qua cla
nghién ctru c6 thé dung trong cac nghién
ctru vé can bang nuéc trén luu vic phuc vy
quy hoach tai nguyén nwéc hodc lam dau
vao cho mé hinh lan truyén chat va vén
chuyén bun cét trén dém Thj Nai.

Tir khéa: Pam Thi Nai, séng Kén, séng Ha Thanh, SWAT, SWAT-CUP, Sufi-2

1. MO PAU

DPam Thi Nai c6 vai trd quan trong trong phat
trién kinh té - xa hoi va bao ton da dang sinh hoc.
Chit lwong nudc trong ddm khong nhitng bi anh
huéng boi cac hoat dong xung quanh ddm ma
con chiu anh huong boi diéu kién tu nhién va céac
hoat dong trén khu vyc thwong lwu. Khu vuc
thuong ngudn cua dam Thi Nai bao gdm hai séng
chinh la song Kon va song Ha Thanh, hai song

nay déu d6 tryc tiép nudc vao dam Thi Nai, nén
¢6 vai trd quan trong trong viéc hinh thanh ché
d6 dong chay, tram tich ciing nhu d6 man trong
dAm. Thém vao do, Iuu vyc song Koén va song Ha
Thanh tryc tiép cung cap nudc cho nhiéu ho chira
trén khu vuc, ¢6 thé ké dén ba hé chira 16n 1a ho
Dinh Binh, hd Thuan Ninh, hd NGi Mot; dong
thoi dam bao nhu cu nudc trong nong nghiép va
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sinh hoat trong khu vyc. Tt nhiing vAn dé trén,
cho thay viéc can bang hai hoa giita cic nhu cau
str dung nude va dam bao chét lugng nude & khu
vuc thugng luu dam Thi Nai 1a rat can thiét. Do
d6 trong nghién ctru nay rng dung mo hinh thay
vin nham danh gia ché do dong chay trén khu
vue, tao tién dé cho cac nghién ctru vé chat lugng
nudc va tram tich sau nay 1a hét sirc can thiét.

Hién nay, cac nghién cuu st dung moé hinh
thily van phan bd va ban phan bd dé mé phong
mua — dong chay trén cac luu vuc song dang dan
tro nén pho bién [1], ¢6 thé ké dén cac mo hinh
dién hinh nhu SWAT, HPSF (hydrological
simulation program—FORTRAN), Mike SHE,
SHETRAN (Sys’teme Hydrologique Europ’een
Transport). Cac mo hinh déu c¢6 nhitng wu va
nhuoc diém riéng, nhu Mike SHE, SHETRAN la
mot md hinh phan bd, hudng tiép can hoan toan
dua trén ban chit vat 1y (fully physically-based
model) [1] véi nhitng md ta cac qua trinh vat 1y
chi tiét va phic tap, tuy nhién tinh phtic tap cta
mé hinh dan dén doi héi cdc sb lidu dau vao rat
chi tiét, voi didu kién sb liéu han ché ¢ Viét Nam
thi day 1a mot thach thirc rat 16n; mo hinh HPSF
v6i cach tiép can bang cac qué trinh thay ddi
2. PHUONG PHAP NGHIEN CUU
2.1, Khu vue nghién ciru

Khu vuc thuong ngudn dim Thi Nai c6 dién
tich khoang 3700 km? chiém hon mét nira dién
tich tinh Binh Dinh. Trong khu vuc nghién ctru
¢6 hai luu vuc song chinh 1a song Kon (dién tich
lwu vuc 1a 3067 km? véi tong chiéu dai song
chinh khodng 178 km) va song Ha Thanh (dién
tich Iuu vuc khoang 53 km?) véi tong chiéu dai
song chinh 1a 38 m). P9 cao trén khu vuc bién

lwong trit (nude, cac chat hoa hoc) [1] theo chiéu
thing dimg, md hinh chia cac tiéu luu vuc thanh
nhiing don vi nhé hon chu yéu dua trén dit liéu
su dung dat; md hinh SWAT 12 md hinh béan
phan bd, mo hinh chia cac tiéu luu vuc thanh cac
don vi thuy van HRUs (hydrologic response
units) véi mdi don vi thuy van thi dong nhét vé
loai dit va loai hinh st dung dét [5]. Dua trén
diéu kién sd liéu hién c6 trong khu vuc nghién
ctru, md hinh SWAT duoc sir dung dén tién hanh
mo phdng thuy van tai day.

Trong md hinh SWAT, cac qua trinh thuy
van dugc déc trung boi nhiéu tham sb khéc nhau,
do sy bién d6i khong gian trong nhiing qué trinh
md phong, cac tham sd nay khong thé nio biét
dwoc mdt cach chinh xéac, hon nita hiu hét cac
tham sb khong thé co duoc béng cach do dac truc
tiép [1]. Do d6 viéc hiéu chinh mé 1a mot budc
rit quan trong nhdm udc tinh gia tri cua cac tham
sO. Qua trinh nay s& lam giam do6 bat dinh cta cac
tham sb, dan dén lam giam d¢ bat dinh cua mo
hinh. Trong nghién ctu s€ st dung moé hinh
SWAT — CUP véi thuat toan Sufi-2 dé hiéu chinh
mo hinh SWAT.

thién tir 0 cho t61 1400 m, trung binh vao khoang
370 m.Trén khu vyc, nhitng vung c6 do cao dudi
100 m nhiét d¢ trung binh nam thuong dao dong
trong khoang 26 — 27°C, & d6 cao tir 100 — 300 m
nhiét d6 nim thuong dao dong tir 24 — 25°C.
Cang 1én cao nhiét d6 khong khi cang giam. O do
cao trén 400m, nhiét do trung binh nam giam
xuéng con 23 — 24°C, trén 1000 m nhiét d6 trung
binh ndm giam xudng dudi 21°C [2].
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Hinh 1. Ban d@6 khu viec nghién ciru

Phan phdi khong gian cta lugng mua ¢ khu
vuc nghién ciru rat khong dong déu. Ving nui
Vinh Son va ving ndi phia bic tinh 1 hai khu
vuc ¢6 lugng mua 16n nhét tinh, véi tong luong
mua nam trung binh tir 2220 — 3030 mm trong do
trung tAm mua 16n nhét thudc huyén mién nti An
L&o. Vung mua 16n thr hai 1a vung nii Vinh Kim
thudoc trung luu séng Kon, huyén Van Canh
thuong ngudn séng Ha Thanh va cic huyén ven

2.2. M4 hinh SWAT
2.2.1.

M6 hinh SWAT xdy dung boi tién si Jeff
Arnold ¢ Trung tdm phuc vu nghién cuu ndng
nghiép (ARS - Agricultural Research Service)
thugc Bo Nong nghiép Hoa Ky (USDA - United
States Department of Agriculture). M6 hinh duoc

Giéi thigu

xdy dung nham danh gia va du doan cac tac dong
ctia thyc tién quan ly dat dai tac dong dén ngudn
nudc, luong bun, va lugng hoa chét trong ndng
nghiép sinh ra trén mét luu vuc rong 16n va phuc
tap véi sy khong on dinh vé céc yéu td nhu dat,
str dung dt va diéu kién quan 1y trong mot thoi

bién phia bic tinh tir 2000 — 2180 mm. Nhirng
ving con lai nhu ving ven bién phia nam
tinh, huyén Ty Son, phia dong huyén mién nui
Vinh Thanh va luvu vyc ha luu song Kon lugng
mua nam trung binh dat tr 1610 — 1880 mm
trong d6 tdim mua thip nhit 1a khu vuc Tan
An va cac xa phia dong huyén Tuy Phudc véi
luvgng mua nadm trén dudi 1600 mm [2]

gian dai. M6 hinh 1a sy tdp hop nhitng phép toan
hdi quy dé thé hién mdi quan hé gitra gia tri
thong sé dau vao va thong sé dau ra.

Pha dét trong chu trinh thuy vdn mé hinh
SWAT dua trén pPUUng trinh c4n bang nudc:

SWE = SWO + " Raay — Quurr— Ba= Waeap— Qg
Trong do6: SW; lgllu(jng nuée trong dat tai thoi
diém t (mm H,0), SW, 14 luong nudc chira trong
dét tai thoi diém ban dau (mm H20), Rgay la
lurgng mua trong ngay i (mm H0), Qsur la lugng
dong chay mat trong ngay i (mm H20), E; la
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lwong bde hoi trong ngay i (mm H20), Wseep 1a

lugng thAm sau va lugng nudc thoat khoi day

phiu dién dat trong ngay i; Qqw 12 luong gong
chay hdi qui trong ngay i (mm H0).
Céc qua trinh thuy van chinh trong mé hinh

bao goém [7]:

e Ubc tinh dong chay mat s dung s higu
duong cong SCS hodc phuong trinh thim
Green—Ampt.

e M5 phong tham qua céc 16p trir nude

e Ubc tinh dong sat mat sa dung phuong phap
trir dong hoc.

e M0 phong dong chay ngam téi song tir tang
chira nuéc tang nong

e Ubc tinh bdc hoi tién ning bang cac phuong
phép cua Hargreaves, Priestley—Taylor hodc
Penman—Monteith method

e Ubc tinh bdc hoi thyc té (tach biét boe hoi tir
dét va thoat hoi tir thuc vat)

2.2.2. Dirliéu thu thap

Khu vuc nghién ctu dugc chia thanh 20 tiéu
luu vuc va 1320 don vi thuy van HRUs. M6 hinh
SWAT yéu cau cac dit liéu vé&: dia hinh, thd

nhudng, sir dung dat, khi tuong:

Dia hinh: ASTER GDEM (ASTER Global
Digital Elevation Model) voi d§ phan giai
30x30 m.

Khi tuong: gdom dir lidu ngiy tr tim tram
mua (An Nhon, Binh Tuodng, Pé Gi, Pinh
Binh, Phu Cat, Van Canh, Vinh Kim, Vinh
Son) va tram khi tugng Qui Nhon véi cac dir
lidu vé mua, nhiét do, d6 am, téc do gio, sb
gio nfmg. Dir liéu khi twgng & cac tram dwuogc
36 nam (1977 — 2012)

Str dung dat: duoc lay tir ban do sir dung dat
ti 1¢ 1/50.000. Ban dd sur dung dét s& duoc xir
1y chuyén vé ma dat tuong ung trong SWAT.
Trong khu vuc nghién ctru ton tai cac loai
hinh str dung dét chinh nhu: FRST (rimg hdn
hop), RICE (dat trong lua), AGRR (dit nong
nghiép trong cdy hang nim), WATR (mit
nuéc), ...

Thé nhudng: duge 1ay tir ban d6 thdé nhudng
1/1000.000 ctia FAO. Tuong tu, ban do thd
nhudng s& duoc chuyén vé mi dat trong
SWAT, trong nghién ctru nay, viéc chuyén
d6i s& dya trén dic trung co gioi cla dat, cac
loai dét trong khu vuc nghién ctru bao gdm:
SICL (silty clay loam), SCL (sandy caly
loam), CL (clay loam), SC (sandy clay), WA
(water), SIL (silty loam), SL (sandy loam),
SIC (silty clay).
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2.2.3. SWAT-CUP
Trong nghién ciru, phan mém SWAT-CUP
v6i thudt toan Sufi-2 dugc ap dung dé hiéu chinh
va danh gi4 do nhay cac tham sé. Thuat toan t6i
uu Sufi-2 dugc thuc hi¢n thong qua cac bude sau
[4]:
e Budc 1: Chuong trinh hi€u chinh viét dir liéu
dau vao véi giéi han trén dudi mdi thong sb (

3. KET QUA
3.1.  Két qua hi¢u chinh, ki¢m dinh

Céc tiéu chuan ding dé hiéu chinh va kiém
dinh mo hinh dung trong dé tai gom :

Chi s6 hiéu qua Nash

NSI = 1- Zninzl(Pi -Q)’
Zi:l (O| - Otb)2

H¢ s6 tuong quan Pearson

oo Z0-0)P-P)
00X (PP

Hé s sai s6 phan tram (percent bias)

100*37,(0,-P)
Zin:l(oi

Trong do : Oila gia tri thuc do tai thoi diém

PBIAS =

i, Ow gia tri thuc do trung binh; Pi gid tri mé
phong tai thoi diém i, Py gid tri mé phong trung

\
binh.
«*+ Observation
3500 - Simulation
.
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1500

1000

500

1981 1983 1985 1987 1989 1991 1993 1995

hodc d6 thay ddi so gia tri ban dau ciia thong
sé), dit liéu so sanh thuc té.

e Budc 2: Chinh stra cac tép tin ddu vao véi gia
tri méi cta cac thong sd.

e Budc 3: Mo phong va chay lai mé hinh
SWAT.

e Budc 4: So sanh chi tiéu kiém tra do tin cay
ctia két qua dé dua ra gia tri ctia cac thong sb
t6i uu nht.

Céc tham sb ciia md hinh SWAT duoc hiéu
chinh ty dong bang mo hinh SWAT-CUP. SH
liéu Iuu lugng dong chay tai tram thuy van Binh
Tudng (1980 — 1995) dwoc dung dé hiéu chinh
moé hinh. Tai budc thoi gian ngay, hé sb tuong
quan R? dat 0,54 h¢ s6 Nash dat 0,5, hé s5 PBIAS
bang 15,01 %; véi bude thoi gian thang thi két
qua hiéu chinh kha tt R?2 = 0,79, h¢ sb Nash
bang 0,68, h¢ s6 PBIAS bang 14,2%. Theo danh
gia cua Moriasi [8] thi md hinh ¢6 d9 tin cay &
muc Tét.

S liéu luu lwong tram thily van Binh Tudng
(1996 — 2003), dugc dung trong giai doan kiém
dinh md hinh. Tai giai doan kiém dinh, hé sd
tuong quan R? va hé s6 Nash, hé sb PBIAS lan
luot 13 0,52; 0,47 va 15,47%; vdi budce thoi gian
thang thi hé s6 R? = 0,74, hé s6 Nash = 0,56, hé
s6 PBIAS bang 14,5%.

«*+ Observation
2500 . A Simulation
2000

1500

Q(m3/s)
-

1000

500

0 1996 1997 1998 1999 2000 2001 2002 2003 2004

Hinh 3. Két qua hiéu chinh(trai), kiém dinh (phai) v&i budce thoi gian ngay

Trang 114



TAP CHi PHAT TRIEN KH&CN, TAP 17, SO M1- 2014

500 ’ ‘

400

300 ‘ ' ‘ ’

Q(m3/s)

i

S
S

=
S

‘ \zvu‘f

\J\ \,?"“

\ 1.\!." Ly | J \ \ \

V1%

\J N

Observation
— Simulation

d
| |

Il \f,

\ k ‘\

]986 1981 1982 198;1984’ 1985 1986 1987 1988 1989 1990 1991 199{ 1995 1994 1995

00 l ‘ Observation
— Simulation
500 1 l
400
| |
£ 300 f ‘ f
S !

i
- u

\

200 | | ‘

1 \ .
LN
]‘ \ ““\ \ \ j \ /) \ ‘1
\ o Rl XA

o WA W WA\ [\
1996 1997 1998 1999 2000 2001 2002 2003

100

Hinh 4. Két qua hiéu chinh (tr4i), kiém dinh (phai)véi budc thoi gian thang

3.2.  Két qua danh gia d9 nhay va do bit dinh

Tong cong 14 tham s6 dugc tham gia trong qua trinh hiéu chinh véi két qua danh gia do nhay theo

bang sau:
Bang 1. Két qua danh gia d6 nhay
Tham s6 Miéu ta Hang t-stat P-value
r__SOL_K(1).sol Do dan thuy luc cia dt tai diém bio hoa nuée 1 5.45 0.00
v__CH_K2.rte Do dan thuy luyc ciia song chinh 2 4.26 0.00
r__CN2.mgt Sb duong cong SCS 3 -3.55 0.00
r__CANMX.hru D6 trit tan cdy 16n nhit 4 -1.98 0.06
v__CH_N2.rte Hé s6 nham cia séng chinh 5 1.63 0.11
v__GW_REVAP.gw | Hé sb béc hoi ting ngdm 6 -1.44 0.16
v__ALPHA BF.gw | Hé sb dong chiy co ban 7 -1.37 0.18
r__SOL_Z(1).sol Do day tan dat 8 -1.20 0.24
v__SURLAG.bsn Do tré dong chay mit 9 -1.14 0.26
v__GW_DELAY.gw | Thoi gian tré dong chay ngim 10 -1.10 0.28
v__ESCO.hru Heé s6 hao hut béc hoi ctia dat 11 -0.70 0.49
r_SOL_AWC(1).sol | Kha ning chira nude cua dit 12 0.35 0.73
v__GWQMN.gw Do sau xay ra dong chay hdi qui 13 0.29 0.77
r__EPCO.hru Hé s6 14y nudce cua thuc vat 14 -0.21 0.83

Theo két qua qua phén tich do nhay co thé
nhan thiy cac tham s c6 thé chia 1am 3 nhom:
nhom cé do nhay cao gém ba tham s ¢6 do nhay
cao nhit: SOL K, CH K2, CN2; nhém tham sb
¢6 d6 nhay trung binh gém céac tham sé c6 hang

tir 4 toi 10; nhém c6 d6 nhay thap 1a cac tham sd
¢6 hang tir 10 dén 14.

3.3. Tiém ning dong chay luu vire

Tir két qua md phong dong chay bing md
hinh SWAT, luu lugng cia cac nhanh dé vao
dam Thi Nai dugc trich xuét va tinh toan. Két
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qué cho thay lwu lwong trung binh ciia song Kon
dd6 vao dAm Thi Nai vao khoang 105,16 md/s,

song Ha Thanh khoang 19,77 m%/s, v6i su chénh

1éch rat 16n gitra mua kiét va mua 1d.

450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00 -
50.00 -

0.00 -

Q(md/s)

123456 7 8 9101112

Hinh 5. Biéu db luu lugng trung binh thang séng Kén

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00 -

0.00 -

Q(m3/s)

123 456 7 8 9101112

Hinh 6. Biéu dd luu lugng trung binh thang song Ha Thanh

Bang 2. Trung binh dong chay thang luu vuc song Kon va song Ha Thanh

Thang 1 2 3 4 | s 6 7 8 | 9 10 | 11 | 12

Song Kon (m¥ls) | 110 | 62| 200 [ 10113 ['222 [ 15| 14. | 52 [ 320. | 386. | 217,
g 7 5 6 8 9 2 4 5 8 1 5 5

S"ng(g?/shanh 175 | 91| 39 | 13 | 28 | 32 | 22 | 1.8 | 92 | 715 | 742 | 407

4. KET LUAN

Luu vuc song Kon, thugng luu dam Thi Nai

la mdt khu vuc c6 dién tich 16n, véi bién dong

kha phic tap cua dia hinh va cac yéu t6 khi

tuong.Cac yéu té nay lam cong tac mod phong

thily van & ddy gap nhiéu kho khin nhu: sé liéu

khi tugng chi c6 duy nhat & tram Qui Nhon trong

khi nhiét d6 va lwong mua bién dong kha 16n

theo dia hinh, diéu nay lam tang d6 bét dinh cia

cac dir liéu dau vao cia mo hinh dan dén lam

tang do bat dinh cta két qua mo phong, nhing
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bat dinh nay lai khong thé lam giam di bang qua
trinh hi¢u chinh. Viéc mo6 phong thiy van ¢ day
¢6 nhitng kho khin han ché nhat dinh, nhung véi
dir liéu dau vao c6 thoi gian dai (36 nim) nén cac
két qua dau ra déu c6 tinh dic trung va dam bao

¥ nghia vé mit théng ké. Két qua mo phong vé
dong chay ¢ thé dung cho nhitng nghién ciru vé
can bang nudc trén luu vuc hay lam dau vao cho
md hinh lan truyén chit va van chuyén bun cat
trong dam Thi Nai.

Application of swat model in
assesment water resources of upper
stream of Thi Nai lagoon serving
sustainable develoment of Binh Dinh

province

e Nguyen Hong Quan
e Mai Toan Thang

Institute for Environment and Resources, PHQG-HCM

ABSTRACT

Water resources from Kon and Ha Thanh
river basin, upstream areas of Thi Nai lagoon
plays a very essential role on hydrological in
economic — social development of Binh Dinh
province. Assessment of potential water
resources in the region can be servered for water
resources  planning  toward  sustainable
development. In this paper, the SWAT model was
applied in this study to evaluate river flow in the
rivers. The simulation data were used with with
the length of meteorological input data up to 36
years. The parameters of model were calibrated
by SWAT-CUP with Sufi-2 algorithm (Semi

Automated Sequential Uncertainty Fitting) using
data of Binh Tuong discharge station(1980-
1995), that also used to analyze parameter
sensitivity. The coefficient of determination (R?),
NSE values and PBIAS index for the daily runoff
were obtained as 0,54; 0,51 and 15,01 % .The
average input flow to Thi Nai lagoon were
105,16 m®%s (from Kon river) and 19,77 m%s
(from Ha Thanh river). The results of this study
can be used for others research such as water
balance calculation in the river basin or it can be
used as inputs of water quality and sediment
transport model in Thi Nai lagoon.

Keywords: Thi Nai lagoon, Kon river, Ha Thanh river, SWAT, SWAT-CUP, Sufi-2
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