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TOM TAT

Bién déi khi hdu va bién déng Iép phi dét la nhitng yéu t6 then chét chi phéi
dong chdy mdt va nguy co I lut tai cdc lwu vire séng. Tai luu vue séng Bli —
noi dang dién ra sy thay d6i st dung dét va khi hu ré rét — nghién ciru nay
tng dung mé hinh SWAT tich hop ArcGIS dé mé phdng va ddnh gid tdc déng
cia hai yéu té nay. DiF liéu I6p phii (2021, 2024) dugrc gidi dodn tir dnh vién
thdm; di¥ liéu khi hdu duoc hiéu chinh theo cdc kich bén RCP4.5 va RCP8.5
cho giai dogn 2025-2059. Két qud cho thdy rirng gidm 4%, mdt nudc va dat
xdy dung tdng, lam gidm khd ndng thém va gil¥ nwdc. Dong chdy mdt cd xu
huwdng tding theo thoi gian, dédc biét dudi RCP8.5, véi mirc ting cuc dai 24—
25% vio mia mua so vdi giai doan co sé. Nghién ciru khdng dinh vai tro diéu
tiét dong chdy cta rirng va tdc déng cdéng hudng cda mét rirng va mua cuc
doan, déng thoi cung cdp co sé khoa hoc cho quadn ly tai nguyén nudec, canh
bdo i va quy hoach si¥ dung dét bén vitng tai lvu vire séng BUi.

ABSTRACT

Climate change and land cover change are key drivers influencing surface
runoff and flood risk in river basins. In the Bui River Basin — an area
experiencing significant shifts in both land use and climate — this study
applies the SWAT (Soil and Water Assessment Tool) model integrated with
ArcGlIS to simulate and evaluate the combined impacts of these factors. Land
cover data for 2021 and 2024 were derived from remote sensing imagery,
while future climate data were bias-corrected under the RCP4.5 and RCP8.5
scenarios for the periods 2025—-2039 and 2040-2059. Results indicate a 4%
reduction in forest area, with increases in water bodies and built-up land,
reducing infiltration and water retention capacity. Surface runoff shows a
consistent increasing trend over time, particularly under RCP8.5, with peak
increases of 24-25% in the rainy season compared to the baseline. The
findings highlight the regulatory role of forests and the compounded effect
of deforestation and extreme rainfall, providing a scientific basis for water
resource management, flood early warning systems, and sustainable land
use planning in the Bui River Basin.

1. DAT VAN DE

Lwu vuc séng Bui, mdt phan quan trong cua
hé théng sdng ngoi Viét Nam, cé vi tri dia ly
phtrc tap véi su chuyén déi tir dia hinh ban dia
son sang déng bang chau tho, két hop véi khi

hau nhiét d&i am gié mua, tao diéu kién cho cac
hién tugng thoi tiét cuwc doan va ngap lut
nghiém trong [1-3]. Cac yéu t6 nhu lwvgng mua
I&n, phan bé khéng déu theo mua va dia hinh
thap triing 1am tang nguy co ngap lut, gay ra
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nhitng thach thirc déng ké cho khu vure.

Trong nhitng ndm gan day, cac nghién ctru
vé du b4o va canh béo Iii d3 cé nhitng budc tién
dang ké nho sy phét trién clia cong nghé thong
tin va cac md hinh toan hoc. Cadc mo hinh thay
vin nhu NAM (Pan Mach), TANK (Nhat), SSARR
(M§) va cac mé hinh thly lyc nhu HEC (M),
MIKE (Dan Mach), ISIS (Anh) da duoc ap dung
réng rii d& md phong dong chay va dv bao It
(Nathalie Asselman va cong su, 2009; M.R.
Knebla va cong sy, 2005) [4, 5]. Tai Viét Nam,
nhidu nghién ciru cling dd tap trung vao viéc
&ng dung cdc md hinh nay dé dy bao Il cho cac
hé théng séngva I quét, nham giam thiéu thiét
hai do thién tai gdy ra [6-8].

Mo hinh SWAT (Soil and Water Assessment
Tool) la mét cong cu manh mé dé md phong cac
qud trinh thay van trén luu vuc rong Ion va
phirc tap. Véi khd nang tich hop cac dir lieu
khong gian va thai gian, SWAT cho phép danh
gid tac dong cla thay déi I&p phl va st dung
d4t dén dong chay mat. Nhiéu nghién clru da
chirng minh tinh hiéu qua clia SWAT trong viéc
canh bao 10 lut va quan ly tai nguyén nudc
(Mehmet CD va cong su, 2009) [9]. Ddc biét,
trén lwu vie sdng Bui, noi thudng xuyén xay ra
ngap lut, viéc dénh gid chinh xac tdc dong cla
thay d6i lép pha dén dong chdy mdt la vo cung
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quan trong dé xay dung cac giai phap phong
chéng va giam thiéu thiét hai do I lut gay ra
(Tran Thé Toan va cong su, 2019; Nguyén Duy
Quang va cdng su, 2022; Pham Van Trinh va
cdng s, 2023) [1-3].

Xuat phat tir thyc té trén, nghién ctru nay
tap trung vao viéc “Ung dung md hinh SWAT
tich hop ArcGIS danh gid |6p phl va dong chay
mit trén lwu vyc song Bui” nham cung cip
thong tin khoa hoc tin cay, ho tro cdng tac quy
hoach va quan ly tai nguyén nuéc bén virng cho
khu vuc.

2. PHUONG PHAP NGHIEN CU'U
2.1. Pham vi nghién ctru

Bai bdo nghién clru dong chay mdt trén luu
vuc séng Bui (Hinh 1) — mot nhanh quan trong
trong hé thdng song ngodi Viét Nam, dai khoang
91 km véi dién tich luu vue 1.249 km?. Khu vuc
nay c6 khi hau nhiét déi 8m gié mua, mua Ién
va phan bo khéng déu theo mua. Dia hinh
chuyén tiép tir ban son dia phia Tay sang dong
bing phia Déng, v&i nhiéu vung triing dé bi
ngap. Khi xdy ra mua lén, nuwdc li dén nhanh
xubng vung thap va bi gitt lai & cac khu vuc
triing, gdy ngap Ung kéo dai. D3c diém dia hinh
va khi hau khién ngap lut tai day dién bién phirc
tap, k&t hop ca Il ndi va |l séng, anh hudng
khac nhau dén tirng khu vyre trong luu vue.

Hinh 1. Khu vuc nghién ctru
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2.2. Phuwong phap nghién ctru
2.2.1. Phwong phdp thu thép sé liéu

Thu thap cac tai liéu th& cap san cé (Bang 1),
bao gbm:

- Mé hinh dd cao k§ thuat s6 (DEM): trich
xuat d6 déc va mang ludi thoat nuwédc trong khu
vie nghién ctru (di¥ lieu DEM da dwoc hiéu

chinh vé hé toa d6 UTM WGS84).

- Ban db 1&p phu/str dung dat: xac dinh loai
hinh st dung dat va anh hudng dén dong chay.

- Badn d6 th6é nhudng: md phong kha nang
thdm va gilt nudc cua dat.

- DIt liéu thoi tiét: md phong cac yéu td khi
tuwong anh huéng dén dong chay.

Bang 1. Di¥ liéu thir cdp dau vao cho mé hinh SWAT

Dir liéu Do phan giai/ty lé Nguén dir liéu Tho'i gian thu thap
DEM 30m NASA DEM 2024
Di liéu I&p pht 30m Sentinel 2 2021, 2024
D{t liéu thd nhudng 30m FAO 2024

D liéu thoi tiét

Dai Khi twong Thiy van

3 < o 2000 - 2024
tinh Hoa Binh

2.2.2. Phworng phdp xi ly sé liéu

Nghién cru str dung mé hinh thiy van phéan
b6 khong gian SWAT (Soil and Water
Assessment Tool) [10] & m6 phdng va danh gid
tac déng cha bién ddi khi hdu va bién déng 1&p
ph( dat dén dong chady mat tai lwu vuc song

SWie = SWo + Xf_ (Rday —

Trong do:

SW: 13 téng lwong nuwéc tai cudi thoi doan
tinh toan (mm);

SWo 13 téng lugng nudc ban dau tai ngay
thr i (mm);

t la thoi gian (ngay);

Rday 13 s6 téng lwong mua tai ngay th i
(mm);

Qsurf 13 NG lvgng nwdc mit cla ngay thir i
(mm);

Ea la lwgng béc thoat hoi tai ngay thir i (mm);

Wieep la lgng nuéce di vao tang ngam tai
ngay th& i (mm);

Qgw la s6 lwgng nudc hoéi quy tai ngay thi i
(mm).

Can bang nuwdc téng thé cla lvu vy [10]
duoc xac dinh theo cong thirc:

P =WYLD 4+ ET + TLA
Trong do:
P la lwgng mua;

Bui. M& hinh nay cho phép mé phéng dai han,
lién tuc nhiéu qua trinh vat ly (dong chay mat,
dong chdy ngadm, bdéc hoi — thoat hoi, van
chuyén bun cdt, chat dinh duéng) dua trén
phuong trinh can bang nwéc [11]:

Qsurf — Ea — Wseep — Qgw)

ET I3 lwgng béc hoi thoat hoi;
TL I3 lvong nudc mat do truyén tai. Gid tri
WYLD (mm) cé thé quy ddi thanh luu lwong Q

(m3/s) [12] theo cbng thirc:
v = WYLD x A v

1000

Trong do:

V |a thé tich nudc chay tran (m3);

A la dién tich lvu viee (m?);

At: khoang thoi gian tuong ing (gidy).

Dt liéu dau vao bao gébm: mé hinh sé dé cao
(DEM), bdn d6 thé nhudng, ban d6 1&p pht sir
dung dat (2021, 2024), dit liéu khi tvgng (mua,
nhiét d6, dd am, birc xa mat troi, téc do gid) va
s6 liéu quan trac thdy van. D liéu khi hau
tuong lai dwoc lay tir B6 Tai nguyén va Moi
trwong (2016) [13] theo hai kich ban RCP4.5
(phat thai trung binh) va RCP8.5 (phat thai cao)
cla IPCC, cho hai giai doan 2025-2039 va
2040-2059. Cac dit lieu nay dugc xir ly, hiéu
chinh va néi suy khéng gian bang phuong phap
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IDW trong moi trudng GIS.

M6 hinh duoc thiét 1ap va hiéu chinh véi div
liu qua kh (2000-2024), sau d6 chay md
phdng cho céc t8 hgp kich ban 1&p phd — khi
hau. K&t qua dong chdy mat (SURQ) dugc phan
tich theo th&i gian va so sanh gitra cac kich ban,
tir dé danh gia dnh hwéng riéng ré va két hop

cta khi hau va |&p phd. Céch ti€p can nay cung
cap co s& khoa hoc cho quy hoach sl dung dét
hop ly, quan ly rdiro I lut va quan ly tai nguyén
nudc bén vitng tai lvu viee séng Bui. So d6 ndi
dung phuong phap SWAT va hai ban d6 1dp phd
lwu viee séng Bui dugc thé hién tai Hinh 2 va 3.

D lidu dau vao

L&p phu - DEM L&p phl
2021 - Ban d6 thé nhudng 2024
: | - D lidu thoi tiét [ i |
! KB BDKH KB BOKH i
] 4

v
K&t qud theo
I6p phl1 2021

e o e e et e e et

K&t qua theo
|6p pht 2024

Dir liéu dau ra

Hinh 2. So’ d6 ndi dung phwong phap SWAT
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Hinh 3a. Ban d6 I&'p phl lwu vire sdng Bui ndm 2021
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Hinh 3b. Ban d6 I6'p phu lwu ve song Bui ndm 2024

3. KET QUA VA THAO LUAN ti€u lwu vire. DIt liéu phan tich 16p ph( d3 chira |
3.1. K&t qua bién dong I&p phu (land cover)  rang cé su thay d6i gilta thoi diém nam 2021
giai doan 2021-2024 (KB1) va n3m 2024 (KB2) trén 24 tiéu luu vuec. \

Sau khi khéi chay, lvu viee séng Bli c6 téng  Ti 1& dién tich cac loai I&p ph( duwoc thé hién \
dién tich 21352,91 ha va duwoc chia thanh 24 gua Hinh'4.

2021

3005 11%

0.1%

B hat Nwde ® Fimg B Mlat Nrdce B Fimg
 Diatnéng nghigp  Khu dan o  Datnéng nghigp Kl din o
B Cay bu B Déng cd m Cay bui ® Bing cd

Hinh 4. Ty Ié dién tich 1&'p phl theo ndm

Dién tich I1&p phU rirng chiém ty & I&n nhat  khodng 20%, dat néng nghiép chiém khoang
V@i trén 60%, ti€p theo 1a 16p phl khu dan cv 10%, ddng cé tir 4-5%, mat nudc hon 1% va
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cu8i cling 13 cay bui, chiém ty I& khéng dang ké.
Bang 2 s& cho thay bién déng vé dién tich 16p

ph giva 2 kich ban 2021 va 2024.

Bang 2. So sanh dién tich 1&p phi lwu vre lwu song Bui KB2 véi KB1

s Nam 2021 Nam 2024 Bién dong

Lop phu — === - —

Dién tich (ha) Dién tich (ha) Dién tich (ha) Ty lé
Mat Nudc (WATR) 230,3229 268,5642 38,24 +17%
Rirng (FRST) 13.696,60 13.112,22 -584,3831 -4%

DAat ndng nghiép (AGRR) 2.256,24 2.117,19 -139,0513 -6%
Khu dan cv (URMD) 4.308,84 4.810,44 501,5999 +12%
Cay bui (RNGB) 20,127 22,7523 2,6253 +13%
DPong cd (PAST) 840,7837 1.021,75 180,968 +22%

Theo d6, dién tich mat nudc, khu dan cu,
cay bui va dong cé tang I&n trong khi dién tich
rirtng va dat nong nghiép giam, cu thé: Mat
nuwdc: tang 38,24 ha (+17%); Khu dan cu: tang
501,6 ha (+12%); Cay bui: tang 2,63 ha (+13%);
DPong cd: Tang 180,97 ha (+22%); Rirng: giam
584,38 ha (-4%); Dat néng nghiép: giam 139,05
ha (-6%).

3.2. Hiéu chinh, kiém dinh mé hinh
3.2.1. Hiéu chinh mé hinh

M6 hinh SWAT dwoc hiéu chinh bang s6 liéu
lwu lwong quan trac tai tram L4m Son giai doan
2014-2016 (Hinh 5). K&t qua cho thdy mo hinh

D

Lo Tugmyg (m 3¢

mo phéng sat xu thé va gia tri dong chay thuc
t€, dac biét 3 bién déng theo mua vdi dinh luu
lvgng tap trung vao mua mua (thang 6-10) va
dong chay thap trong mua khd (thang 11-5).
Céc chi s6 théng ké dat NSE = 0,62; R* = 0,63;
PBIAS = 10,12%, dugc WMO dénh gia loai t6t
[14]. M6 hinh phan anh kha sét céc dinh dong
chay 1&n ndm 2015-2016, du van thdp hon
quan trac & mot s6 thoi diém 1d va phan tng
cham vao dau mua mua, nguyén nhan chu yéu
do han ché dir liéu mua va can diéu chinh thém
cac tham s6 CN2, ALPHA_BF, SOL_AWC.

s {1131 trEC

Lo phong

Hinh 5. Dong chay binh quan thang mé phéng va quan tric tram Ldm Son
tir ngay 01/01/2014 — 31/12/2016

3.2.2. Kiém dinh mé hinh

BO tham s6 sau hiéu chinh dugc st dung cho
kifm dinh vd&i s6 liéu giai doan 2022-2024
(Hinh 6). K&t qua dat NSE = 0,58; R? = 0,60;

PBIAS = 12,44%, x&p loai kha—tdt, ddm bdo sai
s8 trong gidi han cho phép [14]. M6 hinh tiép
tuc md phdng t6t xu thé dong chay theo mua
va dong chay mua khd, nhung van cé xu hudng
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-

giam bién d6 dinh 10, dac biét trong cac su kién
|&n thang 8—9/2022 va nam 2024. Nguyén nhan
c6 thé do s6 liéu muwa chwa phan anh day dd

Lo lugeng (m3)s)

(= 5 S A

lrong mua cuc tri, mat dé tram mua thua va
modt sé tham s6 chua duoc t6i wu héda.

= {J1an trac

- G phéng

Hinh 6. Dong chay binh quin thang mé phéng va quan tric tram Lam Son
tir ngay 01/01/2022 - 31/12/2024

Nhin chung, két qua hiéu chinh va kiém dinh
cho thdy mé hinh SWAT cé kha ndng mé phong
thay vén lwu vye séng Buli véi d6 tin cay cao,
phu hop cho nghién ciru tdc ddng bién déi khi
hau, bién déng sir dung dat va quan ly tai
nguyén nudc. Tuy nhién, dé nang cao kha ning
dw béo Iii va hd tro cdnh bdo sém thién tai, can
tiép tuc hiéu chinh tham s6, cai thién dit liéu
mua dau vao va ting mat do tram quan trac.
3.3. Sy thanh d&i I&p phu anh huwéng dén
dong chay mat cua luu vuc

DE danh gia tac dong téng hop cla bién déi
khi hau va thay déi |&p phl dat dén dong chay
mat tai lvu vuwe nghién cru, moé hinh SWAT da
dwoc st dung nham md phoéng céc kich ban két
hop gitta hai kiéu |&p phd (ndm 2021 va ndm
2024) vdi hai kich ban khi hdu RCP 4.5 va RCP

8.5. Moi kich ban khi hau ti€p tuc duoc chia
thanh ba giai doan thoi gian (2000-2024,
2025-2039 va 2040-2059), dai dién cho hién
tai va twong lai gan - trung han. Cac két qua mé
phdng khdng chi phan dnh xu huéng bién déng
dong chady mat theo thdi gian ma con cung cap
co s& dinh lvgng dé phan tich riéng ré ciing
nhu két hgp anh huwdng cda hai yéu té chinh:
khi hau va I6p phl. Phan duéi day sé trinh bay
chi tiét két qud mé phong dong chidy mat
(SURQ) theo tirng kich ban, tir d6 lam rd cac xu
huwéng, mirc d6 bién ddng va y nghia thyc tién
d6i vdi cdng tac quan ly tai nguyén nuwdc va st
dung d4t trong twong lai. Bang 3 biéu thj chi s6
dong chdy mat duwoc md phoéng lan luot theo
cac t6 hop kich ban I6p phd - khi hau.

Bang 3. Chi s6 dong chdy mat trung binh nam trén lwu vye theo cac kich ban (do'n vi mm)

: . o Lép phu
Kich ban Giai doan
2021 2024
Cosd 2000-2024 774,50 786,68
2025-2039 838,54 851,36
RCP4.5
2040-2059 891,08 889,68
2025-2039 878,01 891,08
RCP8.5
2040-2059 970,42 983,88
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