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Tém tit: Danh gia hién trang tai nguyén dat va nudc la yéu cau tién quyét ho trg cong tac
quan 1y va st dung hiéu qua, bén virng cac ngudn tai nguyén nay. Theo yéu cau d6, nghién
ctru di ing dung mo hinh SWAT dé mé phong luu lugng dong chay phuc vu cong tac danh
gi4 tai nguyén nudc mit. Nghién ciru duoc tién hanh tai luu vic song Ba phan tinh Gia Lai
trong giai doan 1980-2011. Két qua mo phong luu luong dong chay trung binh hang nim
cho luu vire song Ba trong khoang 244,54 m>/s trong giai doan nghién ciru. Luu luong dong
chay co su phan hoa o rét theo mua. Bén canh do, luu lugng dong chay tai luu vuc séng Ba
c¢6 xu hudng giam nhe hoic khong thay ddi dang ké chiém phan 16n cac wdc tinh trong giai
doan mo phong.

Tur khéa: M6 hinh SWAT; Luu lugng dong chay; Phan tich xu hudng; DPanh gia tai nguyén
nudc mat; Luu vuc song Ba.

1. Mé dau

Tai nguyén nudc noi chung va tai nguyén nudc mat noi riéng chiém mot vi tri dac biét
quan trong trong ngudn tai nguyén trén toan thé gidi, quyét dinh dén doi song con nguoi [
2]. Tuy nhién, trong nam thép ky qua, bién d6i khi hau, phat trién kinh té cuing nhu sy bung
nd dan so da keo theo nhu cau nude ngay cang tang da anh huong 16 rang dén su san co cua
cac nguon tai nguyen nuoc tiém nang & nhiéu vung [3— 6] Su suy thoai tai nguyen nudc dugce
biéu hién rd vé ca mit sd lugng va chét lugng cho ca qudc gia di va dang phat trién [2]. Hién
nay, ciing nhu nhiéu nudc trén thé gi6i va trong khu vye, Viét Nam dang phai dbi mat véi
nhiéu thach thirc lién quan dén ngudn nudc. Nguon nudc mat tai nhiéu noi dang suy giam
manh kem theo d6 1a tinh trang 14 lut, nuée bién dang, tridu cudng, sat 16 bo blen ngay cang
tram trong [7]. Ngoai ra, nhu cau khai thac nudc mat glatang s€ khién 11 trong s6 16 luu vuc
song lon ¢ Viét Nam phai dbi mat voi cang thang vé nudc vao nam 2030 va tinh trang cing
thang vé nudc s& anh hudng téi nén kinh té, xa hoi [8]. Bén canh d6, dimg trudc nguy co suy
thoai, can kiét tai nguyén nude con lam phat sinh nhiing méu thuan trong khai thac, str dung,
bao v¢ tai nguyén nudce cua cac qudc gia & thuong nguén [9].
Séng Ba duoc xép hang 1a luu vuc song lon nhat & mién Trung Viét Nam véi tong dién
tich 13.417 km? [10]. Luu vuc song Ba cung cdp nuéc phan 16n cho dia phan cua tinh Gia
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Lai va tinh Pha Yén [11]. Tuy nhién, véi lugng mua hang nam chi khoang 1700 mm va
modun dong chay trung binh nam 25,72 I/s km?, ché d6 dong chay cua song phan bo khong
dong déu theo khong gian va thoi gian, chi c6 25-30% lugng dong chay tap trung vao 8-9
thang mua kho, dan dén han han, 6 nhiém dong chay va xam nhdp man 6 nhiéu noi trén luu
vuc [12-13]. Trong bdi canh bién ddi khi hau cing véi nhu cau sir dung ngudn nude ngay
mdt tang, du bdo dong chay song vao mua kho s€ suy giam dang ké va de doa an toan ngudn
nudGce trong tuong lai [12, 14]. Tai luu vue séng Ba cling ¢6 nhiéu nghién ctru lién quan dén
mg dung céc chi s khi twgng va thily van han han dé thiét 1ap ban d6 phan loai han han [ 15];

md phong lugng mua—dong chdy vao h6 An Khé trén luu vuc séng [16]; 1ap ban d6 va mo
hinh héa tiém ning nudc ngdm st dung mo hinh AI [17]. Tuy nhién, hién nay van chua cé
mdt nghién ctru nao lién quan tryc tiép dén danh gia xu hudng tai nguyén nudc mit tai luu
vuc song Ba trong giai doan hién tai.

Céc nha nghién ctru da sir dung rong rii cac mo hinh thiy van dé danh gia tai nguyén
nude trén toan thé gidi. Két qua da thu dugc rat nhidu bao cdo vé cac mo hinh va phuong
phap khac nhau [6, 18-20]. Trong d6, SWAT dugc m ta 1a cong cu c6 ing dung rong rai va
dat hiéu qua cao trong danh gia tai nguyén nu6e va cac khia canh lién quan dén tai ‘nguyén
nude [5, 21-23]. Trong nhitng nam gan day, SWAT ciing di duoc ap dung pho bién trong
danh gia, quan ly tai nguyén nudc tai Viét Nam. Cac nghién ctu ting dung SWAT cho hi¢u
qua trong viéc danh gia chat luong nudc; mo phong 1ii lut, xdy dung hé théng canh bao li
som va phén tich tac dong cta bién d6i khi hau dén tai nguyén hodc tai nguyén nudc bén
vitng [24-30]. Vao nam 2016, mé hinh thuy van cho luu vuc song tai Hué ing dung SWAT
da d4nh gia, mé phong tai nguyén nudc va rai ro lién quan dén 1i lut va ciing nhu danh gia
hiéu qua mo6 hinh SWAT [24]. Bén canh d6, vao ndm 2019, [25] nghién ctru thanh cong trong
viéc xay dung hé thong canh bao lii sir dung két hop mo hinh SWAT va HEC-RAS cho luu
vuc song Vu Gia Thu Bon. Nam 2021, [26] cling d trién khai xy dung va x4c nhan mo hinh
SWAT nhim cung cip céc thong s6 khong gian dé danh gia tai nguyén nude cho luu vuc
song Mé& Kong trong bdi canh bién ddi khi hau. Két qua thu nhan dugc khéng dinh hiéu suét
t6t cia mo hinh m6 phong dong chay trén luu vuc séng va cac thong sé khong gian duoc
hi¢u chinh phan anh hop 1y su phue tap dia hinh va khi hau luu vie song Ciru Long. Ciing
trong nam 2021, [27] da thuc hién danh gia tinh ton thuong cho tai nguyén nudc cua thuong
nguon lwu vyuc song Dong Na1 Nghién ctru da ing dung tich hop GIS, vién tham va SWAT.
Céc két qua da ching minh rang SWAT va céc k§ thuat tich hop ¢ thé 1a mot cach tiép can
hiéu qua dé cung cap thong tin hitu ich vé hién trang tai nguyén nude cho cac bén lién quan
trong viéc danh gia cac phuong 4n toan dién vé quan 1y tai nguyén nudoc bén vitng. Tir nhiing
cai nhin tong quan vé cac nghién clru trong va ngoai nudc, c¢6 thé nhan dinh SWAT la mot
md hinh c6 tinh mg dung cao trong mo phong thiy van luu vue. Tir nhitng luan diém da néu,
nghién ctru ndy duge thuc hién nhim muc tiéu cu thé 1a mo hinh héa va danh gia dong chay
mat cho luu vuc séng Ba thudc pham vi tinh Gia Lai.

2. Phuwong phap nghién ciru

2.1. Khu vuc nghién curu

Nghién ctru nay dugc gioi han thuc hién cho luu vyc séng Ba thude dia phén tinh Gia
Lai c6 dién tich khoang 8334,19 km? (Hinh 1). Luu vyc song Ba nam & phia Pong va béng
Nam cua tinh Gia Lai. Luu vyc song Ba nam ¢ d6 cao tr 95-1756 m so v6i myc nudc bién
va giam dan theo chiéu bic nam. Dja hinh cua luu vyc rat phirc tap bao gdm bi chia cit boi
nai va cao nguyén. Theo ban dd hién trang st dung d4t nam 2020 cua tinh Gia Lai thi cac
loai hinh str dung dt trong luu vuc ¢6 thé phan thanh 6 nhém chinh gdm dét ¢t 1am nghiép;
nong nghiép; dat &; dat chuyén ding; dit séng sudi, mit nudc va dat chua sir dung. Trong d6
dat 1am nghiép chiém 51,05% téng dién tich toan luu vuc [31]. V& mit thd nhudng, theo hé
thong phén loai thd nhudng ctia theo phan loai ctia TS Chirc Nong Luong Thé Gidi (Food
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and Agriculture Organization—FAO) luu vuc ¢b cic nhom dat chinh gdm dat cat; dat phu sa;
dét gley; dat méi bién ddi; dat den; dit nau vung ban kho han; dat co t?mg da ong; dat xam;
dat do; dat x6i mon tro soi da; dat nau thAm; dét sét chat va than bun [32]. Trong d6, nhom
dat do vang la nhom dét chiém dién tich 16n nhat véi 38,59 % dién tich luu vue. Luu vuc
song Ba thudc vung khi hau cao nguyén nhiét déi gié6 mua vdi lugng mua trung binh hang
nam trong khoang 1200-1750 mm. Khi hau dugc chia thanh hai mua rd rét: mua mua (tir
thang V dén thang XTI) va mua kho (tir thang XII dén thang IV nim sau). Nhiét d6 trung binh
hang nim dao dong trong khoang 22°C dén 25°C. Bén canh hé thong song sudi kha phong
phu, trén luu vye hién nay con co rat nhiéu hd nuéc ty nhién va nhan tao nhu hd thuy lgi
Ayun Ha, hd thiy dién An Khé [33].
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Hinh 1. Vi tri dia 1y va dia hinh lvu vuc song Ba phé‘m thudc tinh Gia Lai.
2.2. Panh gia tai nguyén nuoc mqt

2.2.1. M0 hinh hoéa dong chay mat

Cong cu danh gia dat va nudc (Soil and Water Assessment Tool-SWAT) 1a mé hinh thiy
van ban phan bé duoc phat trién dé du bao va danh gia nhitng anh huéng cua thyc hanh quan
1y str dung dat dén nudc, sy bdi lang va luong hoa chét sinh ra tir hoat dong néng nghiép theo
ranh gidi luu vuc trong khoang thoi gian dai [34-35]. M6 hinh dugc xay dung dua trén ban
chat vat Iy cua hién twong tu nhién va sir dung cac phuong trinh twong quan, hdi quy dé mé
ta mi quan hé giita thong s6 dau vao (vi du st dung d4t/tham thuc vat, dat, dia hinh va khi
hau) va bién s6 dau ra (vi du luu luong dong chay, bdi ling, chat lugng nudc). Trong nghién
ctru ndy md hinh SWAT duoc ding dé mé phong luu lwong dong chay cho cac luu vuc song
Ba trén dia ban tinh Gia Lai. Mac du trong m6 hinh SWAT c6 hai phuong phép 1a udc lugng
dong chay mit 1a duong cong sé SCS (Soil Conservation Service) [36] hodc Green—Ampt
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[36] co thé ap dung dé mo phong dong chdy mat, nhung phuong phap SCS dugc chon trong
nghién cru nay vi tinh pho bién va dg tin cay cao [36].

0 _ Rday— Io
M Rygy_ I+ S

Trong d6 Qsur 1a dong chdy mat (mm); Ryay 1a lwong mua trong ngay (mm); I, 1a uu
lwong dong chay mat di ban dau bao gém luu trir bé mit, thim trudc khi hinh thanh dong
chay (mm); S 1a luong thdm cho phép tdi da c6 thé trit trong dat (mm).

Nghién curu nay ké thira m6 hinh SWAT da duoc xay dung, hi€u chinh va kiém dinh cho
luu vyc song Ba tir nghién ctru cta [13]. Nham phuc vu cho muc tiéu danh gia tai nguyén
nudc mat, thoi gian chay mo hinh dugce thiét lap cho giai doan 1980-2011. M6 hinh SWAT
duoc hi¢u chinh trong giai doan 1990-2000 va kiém dinh trong giai doan 2001-2011 tai tram
An Khé. Bo thong sb da duogc hiéu chinh va kiém dinh tir tiéu luu vuc c6 tram thiy van nay
dugc ap dung cho cac tiéu luu vuc con lai. PO tin cdy cia md hinh SWAT duoc danh gia
thong qua ba chi s6 gom (1) Nash—Sutcliffe Efficiency (NSE), (ii) Ti s6 gitia can béc hai sai
sO quéan phuong cta sb liéu thyc do va sb liéu mo phong véi do 1éch chuan cia s6 liéu thuc
do (Ratio of standard deviation of the observation to the root mean square error—RSR) va
(iii) Phan trim d¢ 1éch (Percent Bias-PBIAS) [37-38]. Két qua tinh toan céc chi s6 danh gia
cho thay m6 hinh SWAT c6 d6 tin cdy tt trong mé phong luu lwong dong chay theo s liéu
quan tric tai tram An Khé (Bang 1) [13].

Bang 1. Két qua dénh gia hiéu qua mé phong luvu lwong dong chay ciia mé hinh SWAT.

Giai doan NSE RSR PBIAS
Hiéu chinh 0,88 0,35 3.4
Kiém dinh 0,81 0,44 -16,1

2.2.2. Phan tich xu hudng dong chay mat

Nhan dang va dinh luong xu thé thay d6i cho yéu t6 dong chay 1a bai toan quan trong
trong viéc danh gia dic diém thuy van trén quy mé luu vuc song. Thong thudng, cac phan
tich chi tap trung danh gia su thay ddi cho mot giai doan nhat dinh véi d6 dai sb licu khong
thay d6i. Tuy nhién, viéc thay doi thoi diém bat dau, thoi diém két thuc hay do dai sb liéu sir
dung trong budc phén tich chi mot hodc mot vai ndm ciing c6 thé anh huong dang ké dén két
qua udce tinh xu thé cho cac yéu tb thuy van [39], vi du nhu ting/giam dé dbc xu thé dot ngot
hodc d4o chiéu xu thé ting/giam.

Do d6, nghién ctru nay da ap dung phuong phap klem dinh thong ké phi tham s6 Mann—
Kendall [40-41] va hé s6 ddc Sen [42] theo hudng tiép can td hop tat ca cac ude tinh xu thé
tir 10 ndm trd 1én trong giai doan phan tich 1980-2011 dé danh gi4 rd hon vé dic diém thay
d6i cua luu lugng dong chay trong nhidu nam qua. Hudng tiép can nay lan lugt dugc phat
trién [39, 43]. Theo @6, d6i voi mdi dbi twong phan tich (Vi du: luu luong dong chay trung
binh ca nam tai luu vuc song Ba), nghién ctru da thuc hién N =276 udc tinh (N = [(n — 8) x
(n—9)]/2, voin la d6 dai sb licu tir 1980-201 1). Nhin chung, cach thuc 1ap lai cac phép tinh
cho phep danh gia chi tiét hon vé d nhay cia két qua udc tinh xu thé d6i véi mdi thoi diém
bat dau, thoi diém két thiic va tuong ng voi m01 d6 dai sd liéu tir 10 dén 32 nam trong giai
doan 1980-2011. Ngoai ra, phan 16n cac bién sb khi tuong thuy van déu ton tai yéu té tu
tuong quan [44-45]. Vi vy, nghién ctru da két hop sir dung k¥ thuat Block Bootstrapping
[46-47] dé 1am giam anh hudng cua yéu tb ty twong quan trong bude kiém dinh mirc y nghia
thdng ké cho cac phan tich xu thé.
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3. Két qua nghién ctru

3.1. M6 hinh hoa luvu lwong dong chay mat

Duya vao két qua mo phong, luu lugng dong chay trung binh hang nim trong khoang
244,54 m®/s trong giai doan 1980-2011 (Hinh 2). Nhu vy, tong luong dong chay nudc mit
trung binh hang ndm cta cac song sudi trén luu vuc khoang 7,71 ty m?, cha yéu 1a tir luong
nudc mat sinh ra tr mua. Luu luong dong chay trong luu vuc ¢6 sy phan hoa r6 rét theo mua.
Luong mua la yéu t6 quan trong chi phdi tai nguyén nudc cting nhu sy phan b cua tai nguyén
nude. Do sy anh hudng ciia mua, luu lugng dong chay thay doi theo quy luét ting cao trong
mua mua va giam trong mua kho. Vi vay, luu luong dong chay trén luu vuc séng Ba chia ra
hai miia mua va mua kho ro rét. Miia mua bat dau tir thang V cho dén hét thang XI va mua
kho tir thang XII cho dén thang IV nam sau. Trong giai doan miia mua, gia tri luu luong dong
chay trén luu vuc song co thé dat gia tri 450,36 m®/s. Nhiing thang tir XII dén thang IV nim
sau (nhimng thang mua kho) thi gia tri luu lugng dong chay nho, nho nhat vao thang 11, III.
Trong giai doan nay, gia tri trung binh luu luong dong chay trén song tai cia ra luu vuc ¢
murc khoang 92,03 m>/s. Do su phan bd khong can ddi gita cac mua, tai nguyén nudc cé thé
bi that thoat 16n hodc gay ra thién tai nhu 1ii lut trong muia mua va thiéu hut, khan hiém trong
mua kho can (Hinh 2).
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Hinh 2. Két qua md phong luu lugng dong chay luu vuc séng Ba giai doan 1980-2011.

3.2. Panh gia xu hwéng dong chay mat

Hinh 3 trinh bay két qua nhan dang va dinh luong xu thé luu lugng dong chay trung binh
ca nim, miia mua va mua kho trén luu vic song Ba. Két qua phén tich ghi nhan xu thé giam
nhe hodc khong thay d6i dang ké chiém phan 16n cac udc tinh. Tuy nhién, giai doan 1015
nam gan nhét ghi nhan khuynh hudng ting tro lai trén luu vuc song Ba. Ngoai ra, luu luong
dong chay trung binh trong mia mua va tinh cho ca nim c6 dic diém xu thé thay ddi co ban
thong nhat v6i nhau tai luu vuc séng Ba, v6i nguyén nhan phan 16n do tinh lién két véi su
bién thién cta tong lugng mua tai khu vuc nghién ciru. Theo dé, téng lwong mua nam chu
yéu do déng gop tir lugng mua trong miia mua, vi vy dic diém xu thé thay doi cia lugng
mua va luu luong dong chdy trong mua mua va ca nam thuong thong nhat voi nhau.

Dbi véi luu lwong dong chay trung binh trong miia mua va cho ca nam, cac phén tich co
thoi diém két thiic khoang trudc ndm 2000 thudng ghi nhan xu thé ting trén luu vuc song
Ba, voi muc tang phé bién tir 0,26-1,62%/nam. Nguoc lai, cac phan tich c6 thoi diém két
thiic trong giai doan 2001-2007 thuong ghi nhan xu thé giam, véi do doc xu thé cha yéu tir
—0,53 %/nam dén —3,57 %/nam. Trong khi d6, luu vuc song Ba tiép tuc ghi nhan xu thé tang
tr& lai d6i v6i cac phén tich trong giai doan 10—15 ndm gan nhét, véi mirc ting phan 16n tir
1,48-3,57%/nam. Trong mua kho, lwu lugng dong chay trung binh c6 xu thé giam chu yéu
tai khu vie nghién ciru. Két qua chi ghi nhan xu thé ting trong cac phan tich ¢6 thoi diém bat
dau khoang 19901993 va thoi diém két thic trong nhitng nam 1999-2002 tai luu vuc song
Ba, v6i mirc ting chu yéu tir 0,62—2,35%/nam. Trong khi do, cac phan tich c¢6 thoi diém bat
Hpi nghi khoa hoc toan quéc “Chuyén déi s6 va cong nghé sé trong Khoa hoc Trdi dat, M6 va M6i truong” (EME 2021)



Tap chi Khi twong Thuy van 2022, EMFE4, 112-121; doi:10.36335/VNJHM.2022(EME4).112-121 117
dau sau 1995 va thoi diém két thiic sau 2004 c6 xu thé giam rd hon voi d6 dbc xu thé cha
yéu tr —0,93%/nam dén —8,84%/nam.

Xu thé Iuru Ilwro'ng déng chay trung binh tai lwu vurc séng Ba

(a) Ca nam (b) Mua mwa (c) Mua khoé

2009 +

2004 *

1999

Nam két thuc

1994

1989
T T T T T T T T T T T T T T T
1980 1985 1990 1995 2000 1980 1985 1990 1995 2000 1980 1985 1990 1995 2000
Nam bat dau

D6 déc xu thé (Pon vi: %/nam)

Hinh 3. Két qua nhan dang va dinh lwong xu thé Ivu lvong dong chay trung binh cho lru vire séng
Ba. Puong théng 1:1 va cac duong 45° song song dai dién két qua cho cac giai doan 10, 20, va 30
nim. D4u hoa thi “*” dai dién cho xu thé dat ¥ nghia théng ké v6i khoang tin cay 95%.

4. Két luan

Nghién ctru nay sir dung cach tiép cdn mé hinh SWAT dé mo phong luu lugng dong
chay phuc vu danh gia ngudn tai nguyén nude mit cho luu vuc song Ba trén dia ban tinh Gia
Lai. M6 hinh SWAT cua luu vuc song Ba dugc ké thira voi cac chi s NSE, RSR va PBIAS
cho thdy mo hinh SWAT c¢6 d9 tin cay tt trong md phong luu lugng dong chay. Két qua mo
phong luu luong dong chay trong giai doan 1980—2011 chi ra rang luu lugng dong chay c6
su phan hoa 1o rét theo mua. Bén canh d6, luu lugng dong chay tai luu vuc song Ba c6 xu
hudng giam nhe hodc khong thay doi dang ké chiém phan 16n cac udce tinh trong giai doan
mo phong. Cac két qua tir nghién ctru nay di chiing minh kha niang tng dung hiéu qua cua
mo hinh SWAT va phuong phap phan tich xu hudng trong danh gia nguén tai nguyén nudc
cho céc luu vuc song ¢ khu vuc cé dia hinh déc.
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Modeling and assessing surface water resource: A case study of
Ba river watershed, Gia Lai province, Vietnam
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Abstract: Assessment status of the existing status of land and surface water resources is a
prerequisite to support effective and sustainable management of these resources. Thus, the
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study applied SWAT model to simulate streamflow which used for surface water resource
assessment. The case study was Ba river watershed in Gia Lai province during period of
1980-2011. The simulated annual streamflow was 244.54 m>/s during the study preriod.
The simulated streamflow was strongly influenced by seasons in a year. Meanwhile, the
trend analysis results showed that the simulated streamflow had slightly decreasing or
unchanged tendencies in majority estimations during the period.

Keywords: SWAT model; Streamflow; Trend analysis; Surface water resource assessment;
Ba river watershed.
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