35(3), 281-288

Tap chi CAC KHOA HOC VE TRAI BAT

9-2013

DANH GIA TAC PONG CUA BIEN BOI KHI HAU
LEN SU THAY BOI DONG CHAY
O LUU VUC SONG SREPOK

PAO NGUYEN KHOI
E-mail: dnkhoi@hcmuns.edu.vn
Truong Pai hoc Khoa hoc Ty nhién Tp. HCM
Ngay nhan bai: 14 - 10 - 2012

1. Mé dau

Bién ddi khi hau 1a mot trong nhitng thach thirc
16n nhit dbi voi con ngudi trong thé ky XXI.
Trong béo céo thir 4 ctia Uy ban Lién chinh phu vé
Bién d6i Khi hau (IPCC-AR4) d nhan manh ring
sw 4m 1én toan cdu va bién doi khi hau 1a mot hién
tuong khong thé tranh khoi [9]. Bién dbi khi hau co
thé din dén su thay ddi chu trinh thiy van va co tac
dong 16n dén tai nguyén nudec. Trong nhitng nadm
gin day, nghién cuu vé cac tac dong cua bién ddi
khi hau 1én tai nguyén nudc va chu trinh thuy van
da thu hut sy quan tdm cua cac nha nghién cuu trén
thé gidi. Trong cac nghién clru nay, cac md hinh
thity van thuong dugc két hop vai cac kich ban khi
hau phét sinh tir cic md hinh hoan lwu toan cau
(GCMs) dé xem xét cac anh huéng c6 thé c6 clia
bién d6i khi hau lén tai nguyén nudc va chu trinh
thuy van [1, 2, 6, 7].

Nghién ciru vé anh hudng cua bién déi khi hau
lén tai nguyén nudc cling da thu hiut dugc sy quan
tam cua cac nha nghién cuu trong nuéc trong thoi
gian gan day. Cac kich ban bién d6i khi hau dugc
su dung trong cac nghién ctru nay dugc st dung
chi yéu tir cac kich ban bién ddi khi hau cua Bo
Tai nguyén va Moi truong [8].

Muc ti€u cua nghién ctru nay la danh gia cac
tac dong ctia bién ddi khi hau 1én sy thay doi dong
chay cua luu vyc soéng Srépok. Pé thuc hién muc
tiéu nay, tdc gia st dung md hinh thuy van

SWAT va kich ban bién d6i khi hau phat sinh tir
mo hinh MIROC 3.2 Hires GCM cua Vién Nghién
ctru Moi truong Nhat Ban. Trong co s¢ dit li¢u cua
IPCC-AR4 c6 khoang 23 mé hinh GCM, trong
nghién ctru nay tac gia sir dung két qua cia mo
hinh MIROC 3.2 Hires vi m6 hinh nay c6 do phan
giai khong gian t6t nhit so v6i cic mo hinh khac.
Céc két qua dy kién cua nghién ctru nay cung cp
mot cai nhin 16 hon vé sy thay d6i dong chay trong
turong lai va giup cac nha quan ly hoach dinh chinh
sach quan ly tai nguyén nudc cia luu vuc nay.

2. Khu vuc nghién ciu

Luu vuc song Srépok trai dai trén dia ban hai
tinh Dik Lak va Dik Nong, nim & khoang 11°45 -
13°15° v§ d6 Bic va 107°15” - 109° kinh d6 Dong
(hinh I). Song Srépok dugc hinh thanh tuo hai
nhanh song chinh la Krong N6 va Kréng Ana.
Téng dién tich lwu vye 14 12.000km® véi tong sd
dan khoang 1,7 triéu ngudi (2006). Pac diém khi
hau cta luu vuc nay 1a c6 d6 4m cao (khoang 78-
83%) va c6 hai mua kho va mua rd rét. Mua mua
kéo dai tir thiang 5 dén thang 10 (voéi dinh 1d
thuong vao khoang thang 9 va 10) va lugng mua
chiém khoang 75-95% tong luong muwa nim cia
Iuu vuec.

Trong Iuu vuc nay, cé hai loai dét chinh 1a dat
xam va dat basalt ndu do. Cac loai dit nay rat mau
md, phtt hop cho phat trién néng nghiép. Do do,
nong nghiép ciing 1a hoat dong kinh té chinh cua
Iuu vuec.
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Hinh 1. Khu virc nghién ctru va vi tri cac tram khi twong thdy van

3. Phwong phap luin
3.1. M6 hinh SWAT

Cong cu danh gia dat va nuéc (SWAT) la mo
hinh thuy vin phan bd, dugc phat trién tir nhitng
nam 90 cua thé ky truéc. M6 hinh duoc xay dung
dé danh gia tic dong cua sir dung dat va hoa chat
trong néng nghiép trén luu vuc séng. Trong mod
hinh SWAT, mot luu vuc séng dugc chia nhd
thanh céc tiéu luu vuc va sau do dugc chia nho
thanh céc don vi thuy van (HRUs) c6 cac dac diém
duy nhét vé thd nhudng va st dung dit. Sy phan
chia nay cho phép mo6 hinh mé phong & mot mirc
d6 khong gian chi tiét. SWAT md phong chu trinh
thuy vin tai mdi HRU sir dung phuong trinh can
bang nude.

s =sw+ SR ~0,) O
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trong d6 SW, la téng luong nudc tai cudi thei doan
tinh todn (mm), SWj la téng luong nude ban dau
(mm), t 1a thoi gian (ngay), Ry, 12 téng lwong mua
tai ngay thur i (mm), Qgyr la téng luong nude mat
tai ngay thtr i (mm), E, 14 tong lugng bdc thoat hoi
tai ngéy thir i (mm), W, la luong nude di vao
tAng ngam tai ngay thir i (mm), and Qg la luong
nude hdi quy tai ngay thir i (mm). Chi tiét hon
tham khao co s& 1y thuyét cia mé hinh SWAT
trong [4].

Thiét lgp mé hinh SWAT

S6 lieu dau vao duoc yéu ciu cho md hinh
SWAT bao gém: s6 liéu mua, nhiét do 16n nhit va
nh6 nhit, 16p phi thyc vét, ban d6 thd nhudng, va
md hinh s6 d6 cao (DEM). Bén canh d6, sb liéu
Ivu lugng ciing duge yéu cau cho mé hinh SWAT
nhim muc dich hiéu chinh va kiém dinh mé hinh.



SWAT 2009 trén nén giao dién ArcGIS 9.3 duogc
st dung trong nghién ctu nay. Luu vuc Srépdok
dugc phac hoa va phan chia thanh 51 tiéu luu vuc
va 339 don vi thuy van (HRU - Hydrologicl
response unit) st dung md hinh sé héa do cao
(DEM) voi do phan giai 90m
(http://gisdata.usgs.gov/website/HydroSHEDS/)
(hinh 2a)

Lép phu thuc vat 1a mdt trong cac thong $6
quan trong nhat anh huéng dén lugng nudc mat va
luong boc thoat hoi trong luu vuc. Ban do 16p phu
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thuc vat ctiia luu vuc nay dugc trich xuét tir ban dd
16p phu thuc vat toan cau (GLCC) véi do phan giai
lkm va bao gém 22 loai 16p phu thyc vat
(http://bioval.jrc.ec.europa.eu/products/glc2000/glc
2000.php). Céc loai 16p phu thyc vat chinh cua
luu vuc nay la dét nong nghip, rung, cay bui
(hinh 2b).

Céc loai thd nhudng cua luu vye dugce trich
Xuét tir co so dir ligu dat ctia T6 chirc Luong Nong
cua Lién Hop Quoc (FAO). Céc loai dét chinh cua
luu vue nay bao gom dat xam két von, dat xam
chua, dat do, va dat sét (hinh 2c).
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Hinh 2. (a) Ban dd sb d6 cao, (b) ban dd I&p phi thuc vat, (c) ban dd thd nhwdng cla lwu vire Srépok

S6 liéu mua va nhiét do ngay dugc thu thap tai
Trung tdm Khi twong Thiy van hai tinh Dik Lak
va Pak Nong. Trong luu vuc séng Srépdk c6 9
tram mua va 3 tram khi twong (hinh 1) véi @6 dai
ctia chudi sb lidu 1a 30 nam (1981-2009). Sé liéu
luu luong ngay phuc vu cho qua trinh hi¢u chinh
va kiém dinh mé hinh dwoc thu thap tai 3 tram thiy
van la tram Ban Don, Ciu 14 va tram Puc Xuyén
(hinh I) cho giai doan 1980-2000.

Thiét 1ap mdé hinh SWAT cho luu vuc song
Srépok bao gdm 5 bude: (1) chuin bi sb lidu, (2)
phén chia luu vuc, (3) dinh nghia HRU, (4) phan
tich d§ nhay cac tham s6 mo hinh, va (5) hiéu
chinh va kiém dinh mo hinh. Phan tich 9 nhay cac
thong s6 mo hinh duoc tién hanh nhdm muc dich
tim ra cac thong s6 anh hudng 16n v6i két qua md
phdng, phuc vu cho giai doan hi¢u chinh mé hinh.

Danh gia két quad mo phong

M6 hinh dugc danh gia béng phuong phap
thdng ké dé so sanh chit luong va do tin cdy cua

két qua mé phong véi sb liéu thuc do. Trong
nghién cru nay, cac phuong phap danh gia két qua

mo hinh bao gém: chi sé hiéu qua Nash-Sutcliffe
(NSE) phén trim sai s6 (PBIAS) va ty le gilra sai
s0 quan phuong va d¢ léch chuan cua sb liéu do
dac (RSR). Ti 1é giita sai sb quan phuong va do
léch chuén cua s6 lidu thue do duoc tinh theo cong

thirc sau:
,/ (0,- Py
RMSE  \'5 ()

STDEY,

obs

M=

RSR =
(0.-0f

™M=

i

trong d6 O; 1a gia tri do dac, P; 1a gia tri mo phong,
O la gia tri trung binh cua s liéu do dac

Theo [3], két qua mo hinh duoc danh gia 1a tdt
khi NSE>0.5, RSR<0.70 va PBIAS=+25%.

3.2. Xdy dung kich bén bién déi khi hiu

Céc kich ban bién ddi khi hau duoc xay dung
cho luu vuc song Srépok dua vao két qua cua mod
hinh MIROC 3.2 Hires GCM voi hai kich ban phat
thai A1B va B1 (kich ban phat thai trung binh va
thdp) (Trung tim dit liéu ciia IPCC). Cac kich ban
dugc xdy dung cho ba giai doan: giai doan 2020
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(2010-2039), giai doan 2050 (2040-2059), va giai
doan 2080 (2060-2099). Dé sir dung céc két qua
mod phdéng cua GCM cho luu vuc Srépok, phuong
phap chi tiét hoa théng ké duoc st dung. Phuong
phap chi tiét hoa thong ké s dung trong nghién
clru nay 1a phuong phap thay doi gia tri delta [5].
Pay la mot phuong phap don gian va dugc st dung
rong rai trong cac nghién ciru anh hudng cua bién
d6i khi hau 1én tai nguyén nudc.

Sé liéu lvong mua va nhi¢t do trong tuong lai
tai cac tram quan tréc dugc tinh toan theo cong
thire sau:

Doi vai nhiét o

CFk — Y_WkGCM/itt _ Y_WkGCMref , Yz;ﬁn Tabs + CF (3)

Dbi v6i lwong mua

P B GCMfut

CF, = P =PVxCF, 4

PkGCMref >
trong d6 CF, 1a hé sb thay di trung binh thang tai
thang thir k, T, oM la nhi¢t d0 trung binh moé
phong bang mod hlnh GCM cho 1 giai doan ¢ tuong
lai tai thang ther k, 7,9 1a nhi€t d¢ trung binh m6
phong bang md hlnh GCM cho giai doan hién tai
tai thang thu k, T fr 13 gid tri nhi¢t do trong tuong
lai tai ngdy thur i Va thang thu k, e la gia tri nhiét
d6 do dac tai ngay tho i va thang thtr k, pocw la
lvong mua trung binh mé phong bing mé hinh
GCM cho 1 giai doan ¢ tuong lai tai thang thtr k,
Pe 1a lugng mua trung binh m6 phong béng
md hinh GCM cho giai doan hi¢n tai tai thang thr
k, Ef:' la gia tri lwvgng mua trong tuong lai tai ngay

thir i va thang thir k, p#» la gia tri lugng mua do
dac tai ngay thiri va thang thur k.

4. Két qua va thao luin
4.1. Hiéu chinh va kiém dinh mé hinh SWAT

Trong m6 hinh SWAT, ¢6 27 thong s mo hinh
¢6 thé anh huong dén dén két qua mo phéng dc‘mg
chay trong luu vye. Phan tich d§ nhay céac thong so
duoc tién hanh cho 27 thong sO nay voi muc dich
chon ra céac thong s6 ¢6 anh huéng 16n dén két qua
mb phong. Két qua phan tich 6 nhay ciia 27 thong

6 md hinh dugc thé hién trong hinh 3. Céac thong
s6 anh huéng 16n nhét dén két qua mo phong dong
chay trong m6 hinh SWAT la s6 hiéu duong cong
(CN2) va hé¢ so bdc hoi cua dat (ESCO). Theo sau
1a cac thong sb nhu muc nudc téi han trong tang
ngdm nuGe cho dong chay (GWQMN), h¢ so thdm
cua tng ngim (GW_REVAP), kha nang trir nude
clia dét (SOL_AWC), va do day 10]) dat (SOL Z).
Theo ket qua phan tich d nhay, céc tac gia chon 9
thong sb co do nhay l6n nhat dé tién hanh budc
hiéu chinh va kiém dinh mé hinh (bang 1).

.60
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Hinh 3. Két qua phan tich d6 nhay trong mé phdng dong chay
cta md hinh SWAT

Béng 1. Cac théng s6 c6 do nhay I&n nhat va cac gia tri sau khi hiéu chinh mé hinh

Gia tri hiéu chinh

Thong sé Mo ta Khoang
gia tr Péc Xuyén  Ciu14  BanDén

CN2 Sé higu dwong cong CN2 35~98 -0.364 0.042 -0.190
ESCO Hé sb bbc hoi clia dat * 0~1 0.299 0.677 0.048
GQWMN Muc nwéc téi han trong ting ngam nwéc cho dong chay ~ 0~5000 -599 4933 444
GW_REVAP Hé sb tham cia tAng ngdm ™ 0.02~0.2 0.111 0.077 -0.025
SOL_Z Do day Iop dat 0~3500 0.075 -0.091 -0.028
SOL_AWC Kha nang trir nwoc cla dat 0~1 -0.162 0.229 -0.011
ALPHA_BF Hé sb triét giam dong chay ngam’ 0~1 0.425 0.130 0.960
CH_K2 D6 dan thay lwc cia kénh song” -0.01~500 347 549 414
SOL K D6 dan thay lwc trong trwdng hop bdo hoa 0~500 0.307 -0.027 -0.016

"Thay thé cho gia tri ban dau
“Cong thém vao gia trj ban dau.
“"Nhan (1 + gia trj hiéu chinh) vé&i gia tri ban d4u
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Trong nghlen clru nay, qué trinh hi¢u chinh
(1981 - 1990) va kiém dinh (1991 - 2000) mé
hinh duoc tién hanh tai cic tram thiy van chinh
cua luu vye (cac tram DPuc Xuyén, Céu 14 va

phu hop va didu néy cting duge thé hién qua cac
chi ti€u danh gia thong ké trong cac bang 2-4.
Ket qua hiéu chinh va klem dinh md hinh chi ra
rang md hinh SWAT c6 thé mo phong t6t dong

Ban Don). Két qua so sanh luu luong thuc do va
mo phong tai cac tram Duc Xuyen Cau 14, va
Béan Don duoc thé hién qua cac hinh 4-6. Nhin
chung, két qua md phong va két qua thue do kha

chay trong luu vue Srépok trong giai doan hi¢n
tai va c6 thé st dung bd théng sd hiéu chinh cho
m6 phong dong chdy dudi anh huong cua cac
kich ban bién d6i khi hau.

Q thse do — ) mih phing

i ,_)J‘-H‘ L\ »J\_JA\_M. , j\_,b}l l \_ _,.-'J__‘,)"l t‘_s’\ Jt.,J“'_ I"ﬂl\_ﬁ.m )J"'* M

1981 1982 1983 1984 1985 1987 1988 1989 199] 1993 1993 (994 |99 1998 1999 3000

Hinh 4. D4 thi so sanh lwu lwong thic do va tinh toan tai tram Bl Xuyén, giai doan hiéu chinh (bén trai) va giai doan kiém dinh (b&n phai)

Qe do — 0 mo pladag Q thyre do

Qud pledng

Oim's?y

Hinh 5. B3 thi so sanh Iwu lwgng thwe do va tinh toan tai tram Cau 14, giai doan hiéu chinh (bén trai) va giai doan kiém dinh (bén phai)

Qe do — 0 mo pladag Q2 tharc do

Qs pliosg

} _
AR

Hinh 6. D4 thi so sanh Iwu lwgng thwe do va tinh toan tai tram Bén Dén, giai doan hiéu chinh (bén tréi) va giai doan kiém dinh (bén phai)

AAAN L

Bang 2. Cac danh gia thong ké két qua mé hinh tai tram Dirc Xuyén
Lwu lwong (m3s'1)

Giai doan Buwéc thoi gian
Thyc do Tinh toan NSE PBIAS RSR
Hiéu chinh 1005 103.1 Nqay 0,56 -3.21 0.66
(1981-1990) Thang 0,70 -2,62 0,54
Kiém dinh Ngay 0,54 2,60 0,68
: 117.,8 114,6
(1991-2000) Thang 0,68 2,66 0,57
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Bang 3. Cac danh gia thdng ké két qua mé hinh tai tram Cau 14

Luwu lwong (m’s™)

Giai doan - -~ Buwérc thoi gian
Thyc do Tinh toan NSE PBIAS RSR
Higu chinh 216.9 Ngay Ngay 0,68 0,71 0,57
(1981-1990) ' Théng Thang 0,78 0,72 0,47
Kiém dinh . Ngay 0,70 3,14 0,55
(1991-2000) 2725 Ngay Thang 0,88 3,10 0,35
Bang 4. Cac danh gia théng ké két qua mé hinh tai tram Ban Don
]
Giai doan Luu lvong (m’s” ) Buwérc thoi gian
Thuc do NSE PBIAS RSR
Higu chinh 532 Noay Ngay 0,72 -9,08 0,53
(1981-1990) : Théng Thang 0,82 7,81 0,43
Kiém dinh . Ngay 075 2,58 0,50
(1991-2000) 3065 Ngay Théng 0,90 2,87 0,32

4.2. Kich ban bién dbi khi hdu cho luu vwe song
Srépok

Cac kich ban bién ddi khi hau cho luu vuc song
Srépdk dugc xdy dung cho 2 kich ban phat thai
A1B va Bl trong 3 giai doan: giai doan 2020, 2050
va 2080. Hinh 7 thé hién cic kich ban thay ddi clia
nhiét d¢ va lugng mua trong twong lai cho luu vuc
song Srépok. Nhin chung, trong cac kich ban déu
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thé hién sy tdng nhi¢t d¢ trong tuong lai. Cu thé
trong kich ban AIB nhiét d6 trung binh nim lan
luot tang 1,3; 2,6 va 3,9°C cho cac giai doan 2020,
2050 va 2080, trong khi do ¢ kich ban B1 nhiét do
trung binh ndm tang khoang 1,3; 2,2; 2,9°C. Chi
tiét v& sy thay dbi nhiét do trung binh thang trong
cac kich ban A1B va B1 duoc thé hién trong
hinh 7.
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Hinh 7. Sy thay d8i nhiét d6 (°C) va lwong mua (%) cho cac kich ban A1B (trén) va B1 (dudi)

Céc kich ban vé sy thay d6i lugng mua trong
tuong lai thé hién sy giam nhe cta lwong mua
nam. Trong kich ban A1B, sy giam luwong mua lan
luot 1a -4,4; -2,9; -2,8% cho cac giai doan 2020,
2050, 2080; trong khi d6 ¢ kich ban B1 sy giam
lwong mua lan Iuot 14 -3,9; -4,3; -0,5%. Xét vé su
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thay d6i theo mua thi lugng mua giam manh trong
mua khd. Trong kich ban A1B, sy giam luong mua
trong mua kho lan Iuot 1a -14,9; -13,3; -19,2% cho
cac giai doan 2020, 2050, va 2080; trong khi d6 &
kich ban B1 sy giam luong mua lan luot 1a -189;
-17,8; -19,0% Su thay d6i lugng mua trong mia



mua la nhe, khoang -1,5 dén 1,7% cho kich ban
AI1B va khoang -0,6 dén 4,6% cho kich ban Bl
cho ca 3 giai doan 2020, 2050 va 2080.

Xét cac kich ban cho nhiét d6 va lugng mua thi
su thay d6i nay 1a rd rang. Tt cac kich ban nay, tac
gia tiép tuc xem xét cac anh hudng cua cac kich
ban bién doi khi hau 1én sy thay doi dong chay.
4.3. Tic dpng ciia bién doi khi hdu lén dong chdy

Hinh 8 thé hién sy thay dbi dong chay nim va
dong chay theo mua dudi anh huong cia cac kich
ban bién d6i khi hau. Theo két qua md phdng,
dong chay nam duoc du bdo 1a giam trong tuong

0 +

o

Su thay doi luu luong %]

WGP 2020

B GE 2050

WGP 2080
Nam

M ma Mlia kha

lai, v&i sy giam luu lugng dong chay 1an luogt 1a
-7,2; -6,0; -7,1% cho kich ban A1B va -6,2; -7,6;
-2,8% cho kich ban B1 trong cac giai doan 2020,
2050 va 2080. Trong mua mua, luu lugng dong
chay giam nhe trong hai giai doan 2020 va 2050
cho ca hai kich ban A1B va BI1. Trong giai doan
2080 (2060 - 2099), su giam luu lugng dong chay
van thé hién trong kich ban A1B nhung trong kich
ban B1 thi luu lugng dong chay ting nhe. Su giam
luu lwong dong chay 16n quan sat dugc trong mua
kho. Sy thay dbi 16n nay co thé dwoc gidi thich
rang trong mua kho thi luu lwong dong chay thi
nhay véi sy thay ddi cia qua trinh bdc hoi hon
trong mua mua.
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Hinh 9 thé hién sy thay dbi luu lugng dong
chay trung binh thang trong tuwong lai. Nhin
chung, luu luong dong chdy trung binh thang
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giam nhanh trong cac thang gitra mua kho dén
dau mua mua. Trong cic thang khac, su thay doi
nay la nhe.
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5. Két luén

Trong nghién ciru nay, cac tic dong cua bién
d6i khi hau 1én sy thay ddi dong chay trong luu
vuc song Srépdk duoc xem xét. Cac Kkét luan dwuoc
rut ra tir nghién ctru nay nhu sau:

- Két qua md phong tir mé hinh SWAT dugc
hiu chinh, kiém dinh véi két qua do dac va no chi

ra rang md hinh SWAT c6 thé mo phong tot dong
chay trong luu vuc song Srépok.

- Két qua phan tich d6 nhay cac thong sO cuia
md hinh SWAT cho thay hai thong so0 CN2 va
ESCO anh hucmg 16n nhét den két qua md phéng.
Diéu nay s& glup glam thiéu thoi gian hiu chinh
md hinh trong cac ing dung tiép theo cia mé hinh
SWAT trong luu vuc nay.
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- Céc kich ban bién d6i khi hau cho luu vyc
song Srépok dugc xay dung cho cic giai doan
2020, 2050 va 2080 cho thay c6 sy tang nhiét do va
giam lugng mua trong tuong lai.

- Dué6i anh hudng cia cac kich ban bién déi khi
hau, luu lugng dong chdy trong luu vuc s€ giam
manh trong mua khé. Diéu nay lam tang thém sy
quan tim vé tinh trang khan hiém nudc trong
mua kho.

Nhin chung, két qua du béo sy thay doi luu
luong dong chay trong twong lai c6 thé khong chinh
xac mdt cach hoan toan do sy khong chéc chin
(uncertaimty) trong du bao cuia cac mé hinh khi hau
toan ciu (GCM). Tuy nhién, cac két qua dat dugc &
day co thé dugc tham khao trong cdng tac quan ly
tai nguyén nudc trong luu vuc song Srépok. Trong
cac nghién ctru tiép theo, tic gia s& tiép tuc xem xét
thém anh hudng cua bién dbi khi hau két hop voéi
anh hudng cua su thay dbi 16p phu thyc vat Ién sy
thay d6i dong chay.
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SUMMARY

Evaluating the impacts of climate change on streamflow in srepok watershed

In this paper, the author investigated the effects of climate change on streamflow in Srepok watershed. The climate
change scenarios were built by downscaling method (delta change method) based on the outputs of MIROC 3.2 Hires
GCM. The SWAT (Soil and Water Assessment Tool) model was used to investigate the impacts on streamflow under
climate change scenarios. The calibration and validation results showed that the SWAT model was able to simulate the
streamflow well. Their difference in simulating the streamflow under future climate scenarios was also investigated.
Results indicated a 1.3-3.9°C increase in annual temperature and a -4.4 to -0.5% decreases in annual precipitation
corresponded to a decrease in streamflow of about -7.6 to -2.8%. The large decrease in precipitation and runoff are

observed in the dry season.
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