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UNG DUNG MO HINH SWAT PANH GIA TAC PONG
CUA BIEN POI KHi HAU PEN DONG CHAY LU TRAM
PONG TRANG, LUU VUC SONG CAI NHA TRANG
TINH KHANH HOA

Nguyén Thi Phwong!, Trinh Phuwong Thao?, Tran Ngoc Anh?,
Nguyén Xuén Hién!, Bui Vin Chanh?

Tém tit: M6 hinh SWAT duwoc iing dung mé phong sw thay doi dong chay mia lii tai tram Pong
Trang, séng Cdi Nha Trang tinh Khanh Hoa duwéi tic dong cua bién doi khi hdu (BPKH) trong
twong lai. Dong chay mua lii tram Pong Trang trong tuwong lai nhin chung c6 xu hudng tang. Theo
kich ban RCP 4.5, mua lii bt dau tir thang 9 va két thiic thang 12, khéng thay doi so véi giai doan
nén. Vao giita thé ky, tong lwong dong chay mua lii tang khoang 15,3% va tang khoang 14,8% ¢ cudi
thé ky. Thoi gian xudt hién thdng lii I6n nhat khéng thay doi so véi giai doan nén (vdo thing 12).
Theo kich ban RCP 8.5, dong chay mia lii c6 xu hiedng tang trong suot thé ky XXI, tong heong dong
chay miia lii tang khodang 19,6% vao giita thé ky, va dén khodang 27,2% vdo cudi thé ky. Mia li bat
dau tir thang 9 va két thiic thang 12 khéng thay doi so véi giai doan nén. Thoi gian thang lii I6n nhdt
xudt hién trimg voi giai doan nén (vdo thang 12) trong suot thé ky XXI.

Tix khoa: Tdc dong ciia bién doi khi hdu, dong chay lii, séng Cdi Nha Trang, SWAT.

Ban Bién tap nhan bai: 08/09 /2017 Ngay phan bién xong: 12/10/2017 Ngay dang bai: 25/10/2017

1. Gioi thiéu chung

Song Cai Nha Trang (con co tén goi la song
Phu Loc, song Cu) 13 song 16n nhét tinh Khanh
Hoa c6 chiéu dai khoang 79 km, tuy ngén nhung
giit vai trd vO ciing quan trong trong sy phat trién
kinh té - x hoi tinh Khanh Hoa. Tuy nhién,
trong nhirg nim gan déy, tic dong cua thién tai
1d lut va bién dbi khi hau (BPKH) di gay ra
nhirng hau qua nghiém trong, anh huéng dén doi
song kinh té va xa hoi cua nguoi dan trén luu
vuce, dac biét 1a khu vuc Thanh phé Nha Trang
phia dudi ha luvu. Dong chay mua Ii trén cac
song tinh Khanh Hoa c6 xu huéng giam trong
nhitng nam gan day, sé tran 1i ngay cang it,
nhitng nam xuét hién it 1ii va muc nude dinh 1
thip ngay cang nhiéu. Xen ké nhitng ndm co
dinh 1d thap lai c6 nhitng nim c6 dinh 1i cao,
gitra ndm 2002 va 2004 1a hai nam c6 muc nudce
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dinh 1d nam rat thap thi xen vao d6 1a nam 2003
c6 muc nude dinh 1 rat cao, ndm 2006 va 2012
1a ndm c6 dinh 1 ndm rat thap thi nam 2009 lai
xuét hién I lich str. Nhu vy dong chay i cang
vé sau cang khong on dinh, ¢6 nhitng nim muc
nuéc dinh i nam rat thap, xen k& vao d6 co
nhitng nam xuét hién muc nude dinh 1d nam rat
cao, tan sut xuét hién sy bat én dinh dong chay
li ngdy cang nhiéu. Py 1a mot trong nhimg biéu
hién cua tac dong BDKH dén dong chay li,
nhiing tran mua 16n tdp trung trong thoi gian
ngin xuat hién cang nhiéu nén tran 1d 16n xut
hién nhiéu hon, sé tran i ngay cang it di, mua li
c6 xu huéng ngin di. Dic trung cua BDKH la
tang tinh cyc doan cua dong chay trong do co
dong chay 1 thé hién ngay cang rd [8]. Cac
nghién cuu triroc day, moi chi dung lai & viéc
mg dung mé hinh thuy vin thong s tap trung dé
danh gia tac dong ctia bién doi khi hau dén dong
chay cho luu vuc song Cai Nha Trang. Hién nay,
mo hinh thuy vin thong s6 phan bd di c¢6 nhiéu
tién ich trong vi¢c mo ta kha tdt tinh cht vat ly
ctia luu vie duoc xay dung nham hd trg danh gia
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tac dong cua BDKH, trong d6 m6 hinh SWAT
(Soil and Water Assessment Tool) thuong dugc
g dung [4] dé danh gia va dy tinh nhitng anh
hudéng cua BDKH 1én dong chay luu vuc song,
tr do 1am co so dua ra cac phuong an thich tng.
Nhitng ndm gan day ¢ Viét Nam da c6 mot s6
cong trinh nghién ctru danh gia tac dong cua
BDKH dén lii Iyt cling nhu chung minh hi¢u qua
cia SWAT trén nhiéu luu vuc [5]. Vi thé, mo
hinh nay dugc sir dung dé danh gia tac dong ciia
BDKH dén dong chay lii tram Pong Trang, luu
vuc song Cai Nha Trang tinh Khanh Hoa.
Nghién ctru dugc da tién hanh thiét Iap mo hinh
SWAT, hiéu chinh va kiém dinh véi chudi s6
liéu thuc do ngay tuwong Gng tir ngay 1/9 dén
ngay 31/12/2003 va tir ngay 1/9 dén ngay
31/12/2009 tai tram Pong Trang. Bo thong sd
ctia md hinh sau khi hiéu chinh, kiém dinh dugc
sit dung dé mé phong dong chay i tai tram
Pong Trang luu vuc song Cai Nha Trang dudi
tac dong cua bién d6i khi hau theo céac kich ban
thay d6i vé luong mwa RCP 4.5 va RCP 8.5 cua
B Tai nguyén va Moi truong [3].

2. Gidi thiéu viung nghién ctiru

Séng Cai Nha Trang c6 dién tich luu vuc
1.904 km?, dia hinh luu vuc song bi chia cit boi
nhiéu ngon nii, khu vire ven bién c¢6 nhimg diy
“J}-[ rﬁ'}.! i

PAK LAK

hsiing prhivn mefiy

Song sudi

¥ Tram thiy vin

KHANH HOA

5. Cha

S.CAI NHA TRANG
-
& Theic Ny
5. Bén Lai
LM

BiiNG

1

Hinh 1. Vi tri dia ly luu viee song Cadi tinh dén
tram Pong Trang [9].
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nui ddm ngang ra bién.

Luu vuc song nam trong khu vuc khi hau
nhié¢t doi gi6 mua. Tuy nhién c6 nhitng nét dac
biét nhu: khi hau 6n hoa, mang tinh chit khi hau
dai duong, c6 2 mua ro rét la mua mua va mua
ning. Mua mua ngan, chiém trén 50% lugng
mua ca nam. Nhiét do trung binh hing nim
khoang 26,7°C [1]. Song ngoi khu vuc nghién
ctru ngin va déc, mang ludi song phan bd kha
day voi mat do ludi song khoang 0,6 - 1,0
km/km?. Thé nhudng trén luu vuc gébm nhiéu
loai dat khac nhau nhu: dat d6 vang, dat mun
vang, dat thung ling. Tham phu thyc vat trén luu
vyc song chii yéu 1a rimg nguyén sinh 14 rong,
xen k& 1a rimng hon giao tre ntra va trang cay bui
[2].

Trén luu vuc ¢6 1 tram khi tugng, 2 tram do
mua va duy nhat 01 tram thily van cip I 1 tram
Pong Trang [5] (Hinh 1).

3. Gio6i thiéu mo hinh SWAT

Mo hinh SWAT (Soil and Water Assessment
Tool) 1a cong cu danh gia nude va dat duoc xay
dung boi tién si Jeff Arnold & Trung tam Phuc vu
Nghién ctru Nong nghiép thugc B6 Nong nghiép
Hoa Ky va gido su Srinivasan thudc Pai hoc
Texas A&M, Hoa Ky [4]. CAu triic cia md hinh
chia thanh 3 pha v&i 26 thong sé quan trong [4].
Yéu cau s6 lidu dau vao ciia md hinh SWAT bao
gf‘)m: dia hinh, loai dét, tham phu, mang ludi
song, s6 liéu khi tuong va thuy van. Piém manh
cua SWAT la khi m6 phdng s€ phan chia luu vuc
16n thanh céc tiéu lvu vue va cac don vi thuy van
(HRU) duya trén ban d0 sir dung dat, tho nhudng,
dia hinh dé ting muc do6 chi tiét moé phong vé
mit khong gian. SWAT tryc tiép tinh toan céc
qua trinh ty nhién lién quan téi chuyén dong cia
nuée, ling dong bun cat, ting truéng mia mang,
chu trinh chét dinh dudng... dwa vao cac thong
s6 dir liéu dau vao [4]. Do viy mé hinh c6 kha
ning du bao thong qua viéc thay doi dit liéu dau
vao (quan li st dung dét, khi hau, thuc vat...),
dé dinh lugng dugc nhitng tac dong cua su thay
d6i dén dong chay ra cua cac luu vuc hodc cac
thong s6 khac. M6 hinh tich hgp module SWAT-
Cup, cong cu do tim tbi wu, tu dong xac dinh bd
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thong s6 cia mé hinh dya trén cac ham muc tiéu
[4] va c6 thé két hop voi phuong phép thir sai
truyén thong. Cac tai liéu vé mo hinh SWAT kha
phd bién, c6 thé d& dang tim duoc trong bo cai
dat cia chuong trinh, hoac trong cac tai li¢u khac
[6,7].

4. Thiét 1ap mé hinh

Qua trinh thiét 1ap SWAT bao gdém cac bude:
(1) Chuan bj s6 liéu dau vao; (2) Phan chia luu
vuc; (3) Phan chia don vi thuy van HRU; (4)
Phén tich d6 nhay cac thong sé mo phong thuy
van va tram tich; (5) Hiéu chinh va kiém dinh
mo hinh.

4.1. S6 liéu diu vao

Dit liéu str dung dé tinh toan bao gdm ban dd
dia hinh DEM (c6 d¢ phan giai 30m/pixel) dugc
cung cap bai Trung tim Pong luc hoc Thity khi
va Mbi truong [5]. Ban d6 thd nhudng nam 2005
cua tinh Khanh Hoa ty 1¢ 1:50000 thanh 1ap béi
Chi cuc Kiém 1am tinh Khanh Hoa. Ban d6 hién
trang stir dung dat nam 2005 cua tinh Khanh Hoa
ty 1€ 1:50000 thanh 1ap boi Lién doan Quy hoach
diéu tra Tai nguyén nudc. Ban d6 mang ludi
song lay tir Atlas Viét Nam [10].
tric mua ngay tai cic tram Pong Tring, Khanh
Vinh tir 1/9 dén 31/12 cac ndm 2003, 2009 duoc
cung cép boi Pai Khi tugng Thuy vin Khu vuc
Nam Trung Bo.

4.2. Thiét dit mé hinh

Luu vyc nghién ctru dugc chia thanh 41 tiéu
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(Hinh 2).
Trong nghién ctru nay,mot don vi thuy van
dai dién cho mot tiéu luu vuc con va dugc xac
dinh khi chong chap céac 16p chta yéu td: dia
hinh, loai dét, tham phu thuc vat, d6 doc luu vue
(Hinh 3). Trén luu vuc song Cai Nha Trang c6 2
tram do mua la tram do mua Khanh Vinh va
Pong Trang va 1 tram khi tuong Nha Trang
(Hinh 1), nhung cac tram mua dugc st dung
trong nghién ctru nay gém c6 tram Khénh Vinh
va Pong Trang vi tram khi twong Nha Trang &
phia duéi ha luu it anh huong dén luu vuc
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4.3. Hi¢u chinh va kiém dinh mé hinh

a) Hiéu chinh mé hinh

Mo hinh da thiét 1ap duoc hiéu chinh véi sd
liéu mua ngay tai tram Khanh Vinh va Pong
Trang va luu lwong trung binh ngay tram Pong
Trang tir 1/9 - 31/12/2003. Két qua biéu dién trén
Hinh 4, cho thiy duong qua trinh Iuu lwong tinh
toan c6 su phu hop vdi dudng qué trinh dong

chay thyc do, do hiru hiéu cua mo hinh theo chi
tiéu Nash-Sutcliffe dat 78% véi sai s6 vé tong
lugng chi khoang 3.5%. Theo tiéu chuan cia
WMO [9], m6 hinh dugc danh gia vao loai kha.
Gid tri dinh 10l 16n nhat da dugc thé hién kha tot
nhung con mot vai dinh 1l nho chua phu hop
nhat 1a ¢ giai doan cudi mua.
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Hinh 4. Dong chay binh qudn ngay tinh todn va thuc do tram Dong Trang tir ngay 1/9-31/12/2003

b) Kiém dinh mé hinh

Dit liéu dau vao

Giit nguyén bo thong sd, tién hanh kiém dinh
moé hinh véi sb liéu giai doan tir ngay 1/9 -

31/12/2009. Két qua duoc biéu dién trén hinh 5,
cho théy két qua mo phdng co ban da phu hop
vai thue do, vai chi tiéu Nash-Sutcliffe dat 73%,
sai s vé téng luong khoang 4,0%, thudc loai kha.
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Hinh 5. Dong chay binh qudn ngay tinh toan va thuc do tram Pong Tr rang tw ngay 1/9-31/12/2009

Qua qua trinh hi¢u chinh va kiém dinh mé
hinh SWAT cho luu vuc song Cai tinh dén tram
DPong Trang v6i chudi sé liéu dong chay ngay
trong mua 1ii cho thdy mo6 hinh SWAT to ra kha
httu hiéu, twong quan gitra dudng qua trinh dong
chay tinh toan va thyc do mua lii thoi doan ngay
va thang kha tot. Két qua kiém dinh mo hinh tét,

TAP CHI KHI TUQNG THUY VAN

bd thong sd ti uu cia mé hinh SWAT cho luu
vuc song Cai Nha Trang duoc xac dinh nhu
trong bang 1, va s€ dugc sir dung cho cac bude
nghién ctru tiép theo dé danh gia tac dong cua
bién doi khi hau dén dong chay lii tram DPong
Tring thong qua sy bién ddi cua lugng mua.

S thang 10 - 2017



BAI BAO KHOA HQC

Bdng 1. Két qua b thong sé khi hiéu chinh mé hinh SWAT

‘ , Ngudng gia
Thong so Y nghia Gia tri
tri
. Cdc thong so tinh qud trinh hinh thanh dong chiy mdt
. | 86 ( rimg gidu, rimg hdn
Chi s0 CN tng véi dicu (rimg g £
1 [ CN2 o 35-98 gido, rung trung binh)
kién am I1 . Lz
89 (dat khac, dat trong)
, 0.5 (ring giau, rimg hén
H¢ s6 nham Manning cho (rime g £
2 [OV.N 0.01-0.5 gido, rung trung binh)
dong chay mat . _
0.4 ( dat khac, dat trong)
Do dan thdm thuy luc bdo
3 | SOL K ) 0 - 2000 1.6-1.74
hoa (mm/gio)
Mat d6 khdi coa 1op dat
4 | SOL_BD 09-25 1.1
(g/cm3)
Hé sb din thuy luc cia
5 | CH_K(1) N 0-300 0.5
kénh dan
Hé sb nham kénh din
6 | CH N(1) ) 0.01-30 0.014
(mm/gio)
Hé s6 trd dong chay mat
7 | SURLAG . 0-24 0.25
(ngay)
8 | HRU SLP Do déc trong tiéu luu vuc 0-0.6 0.4-0.6
1I. Cic théng sé dién todn dong chdy trong song
8 | CH_N(2) Hé s6 nham cua kénh chinh 0.01-30 0.6
Hé sé dan thuy luc cua
9 | CH K(2) 0.01 - 500 0.5
kénh chinh (mm/gio)
III. Cic théng sé tinh todn dong chdiy ngam
Ngudng sinh dong cha
10 | GWQMIN g £ £ Y 0 - 5000 5
ngam (mm)
Hé sb triét giam dong chay
11 | ALPHA BF R 0-1 0.4
ngam

5. Ung dung mé hinh SWAT danh gia tac
dong ciia BDKH dén dong chay lii tram Pong
Trang

Trong nghién ctru nay, két qua dugc chiét
suét tir Bdo c4o “Kich ban bién d6i khi hau, nude
bién dang cho Viét Nam” cua Bo Tai nguyén
Maéi truong (2016) [3] duoc st dung 1am dau vao
kich ban bién ddi khi hau cho khu vyuc song Cai
Nha Trang (Bang 2).

Su thay d6i nay dugc ding dé xay dung kich
ban mwa ngay dau vao tinh cho thoi ky giita thé
ky va cudi thé ky cho khu vuc nghién ctru dyua
trén co s& lugng mua ngay trung binh cho giai

doan nén thoi ky 1986 -2005 (Hinh 6, Hinh 7).

Bang 2. Thay doi lrong mua theo miia theo cdc
kich ban so vaoi giai dogn nén
(Don vi: %)

TT Miia Mia Mia Mia
Dong Xuén He Thu
RCP4.5
GTK 21,1 9,1 -8,5 12,8
CTK 37,0 -2,8 13,0 8,5
RCP8.5
GTK 30,0 4,7 7,0 1,9
CTK 55,6 -45.9 6,7 16,9

Chii thich: GTK: Giita thé ky; CTK: Cudi thé ky
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Hinh 6. Lwong mwa ngay cua mua lii vao gitta
thé ky, cudi thé ky theo kich ban RCP4.5 so véi
giai doan nén

Céc két qua md phong theo cac kich ban so
sanh voi hién trang dong chay i trong thoi ky
nén (Hinh 8, 9) cho thiy: dong chay mua 1i tram
DPong Tring trong twong lai déu c6 xu hudng
tang ¢ cd hai kich ban RCP 4.5 va RCP 8.5 trong
sudt thé ky XII. Cu thé, theo kich ban RCP 4.5,
mua lii bat dau tir thang 9 va két thuc thang 12
khong thay d6i so véi giai doan nén. Vao giita
thé ky, téng luong dong chay mua li ting
khoang 15,3% va ting khoang 14,8% & cudi thé
ky. Thoi gian xuat hién thang 1d 16n nhat khong
thay d6i so véi giai doan nén (vao thang 12).
Theo kich ban RCP 8.5, dong chay mua Ii c6 xu
huéng déu ting, tong luong i ting khoang
19,6% vao gitra thé ky, va dén khoang 27,2%
vao cudi thé ky. Mua 1ii cling bat dau tir thang 9
va két thic thang 12 khong thay ddi so véi giai
doan nén. Thoi gian thang 1d 10n nhét xuat hién
xudt hién tring giai doan nén (vao thang 12).
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Hinh 8. Thay doi dong chay trung binh cdc
thang miia lii vao giita thé ky, cudi thé ky so
Vo1 giai dogn nén theo kich ban RCP 4.5
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Hinh 7. Luong muwa ngay cua mua lii vao giita
thé ky, cudi thé ky theo kich ban RCP8.5 so véi
giai doan nén

Céc két qua mo phong theo cac kich ban so sanh
v6i hién trang dong chay 1ii trong thoi ky nén
(Hinh 8, 9) cho thiy: dong chay mua li tram
DPong Trang trong twong lai déu c6 xu hudng
tang ¢ ca hai kich ban RCP 4.5 va RCP 8.5 trong
sudt thé ky XII. Cu thé, theo kich ban RCP 4.5,
mua lii bat dau tir thang 9 va két thuc thang 12
khong thay d6i so véi giai doan nén. Vao giita
thé ky, tong luong dong chiay mua 1 ting
khoang 15,3% va ting khoang 14,8% & cudi thé
ky. Thoi gian xuat hién thang 1d 16n nhat khong
thay doi so voi giai doan nén (vao thang 12).
Theo kich ban RCP 8.5, dong chdy mua I c6 xu
huéng déu ting, tong luong i ting khoang
19,6% vao giira thé ky, va dén khoang 27,2%
vao cudi thé ky. Mua lii ciing bat dau tir thang 9
va két thic thang 12 khong thay ddi so véi giai
doan nén. Thoi gian thang 1 16n nhat xuét hién
xudt hién tring giai doan nén (vao thang 12).
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Hinh 9. Thay déi dong chay trung binh cdc
thang miia lii vdo giita thé ky, cudi thé ky so
voi giai dogn nén theo kich ban RCP 8.5
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6. Két luin

Bai bdo da tinh toan luu luong dong chay
cac thang mua i tai tram Dong Tring song
Cai Nha Trang tinh Khanh Hoa dudi tdc dong
cua bién doi khi hau theo kich ban RCP 4.5,
RCP 8.5 vao giita thé ky va cudi thé ky. Qua
két qua tinh toan, cho thay dong chay mua 1
tai tram Pong Trang song Cai Nha Trang nhin
chung c6 xu thé ting. Theo kich ban RCP 4.5,
muia 1ii bat dau tir thang 9 va két thic thang 12
khong thay ddi so véi giai doan nén. Vao giita
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thé ky tong luong dong chay mua 1i ting
khoang 15,3% va tang khoang 14,8% & cubi
thé ky. Thoi gian xuat hién thang 1ii 16n nhat
khong thay d6i so véi giai doan nén (vao thang
12). Theo kich ban RCP 8.5, dong chay mua
1it ¢6 xu huéng nhin chung ting. Tong lwong li
tang khoang 19,6% vao gitta thé ky, va ting
khoang 27,2% vao cudi thé ky. Mua 1ii ciing
bét dau tir thang 9 va két thiic thang 12, thang
c6 dong chay 1ii 16n nhat (thang 12) khong thay
d6i so voi giai doan nén.

Loi cdm on: Nghién civu nay dwoc ti tro boi Bé Tai nguyén va Méi trirong trong Pé tai:

Nghién ciru co s6 khoa hoc phén cdp cdp dé riii ro cho cdc loi hinh thién tai ¢ Viét Nam. Tdp

thé cac tac gia tran trong cam on.
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APPLYING THE SWAT MODEL FOR EVALUATING THE IMPACTS
OF CLIMATE CHANGE ON FLOOD FLOWS AT DONG TRANG STA-
TION, NHA TRANG CAI RIVER BASIN, KHANH HOA PROVINCE

Nguyen Thi Phuong!, Trinh Phuong Thao?, Tran Ngoc Anh?, Nguyen Xuan Hien',
Bui Van Chanh?
'Viet Nam Institute of Meteorology, Hydrology and Climate
2VNU Vietnam University of Science
’The Regional Hydro-meteorological Center in the South Central Coast

Abstract: SWAT model is applied to simulate changes in flood flows at Dong Trang station, Nha
Trang Cai river, Khanh Hoa province under the impact of climate change in the future. Under the
RCP4.5 climate change scenario, annual rainfall volume rose by 14.4% in the middle of the century
and further 11% at the end of the century. Meanwhile, according toRCP8.5 scenario application, the
annual rainfall volume rose by 8.1% in the middle of the century and another 5.4% of an increase
at the end of the century in the watershed of Cai Nha Trang River in Khanh Hoa Province. The im-
pact of climate change is likely to increase in the flood season. Specifically, compared to the base-
line scenario, the RCP 4.5 scenario, which means flood flows increased by about 15,3% in the
middle of the century and increased by about 14,8% at the end of the century. In the RCP 8.5 sce-
nario, the flow of river floods tended to increase from 19.6% in mid-century to 27,2% at the end of
the century.

Keywords. flood flows, climate change, Cai river, SWAT model.
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