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Abstract: Vietnam is gifted with a dense network of rivers and abundant water resources. However,
the gift along with the limited irrigation system of the country seems putting more pressure on the
sustainable management of water resources in river basins. In order to develop a framework for
assessing environmental sustainability for water resources in the Srepok River basin in Vietnam
(VSRB), this study applied the Fuzzy Analytical Hierarchy Process (Fuzzy AHP) since this approach
has been powerful and appropriate for sustainability assessment studies. The ten core environmental
sustainability indicators were developed based on the current issues existing in the VSRB. The study
conducted surveys with experts in the water and environment research fields to quantify the
importance of these indicators in the goal of sustainably using water resources from the environment
point of view. The results of expert consultation showed that the consistency test was at an
acceptable level, in arrange of 0.05-0.07, showing that the weights of the indicators calculated from
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the consistent pairwise comparison matrices were reliable. The derived weights of these 10 proposed
environmental sustainability indicators (ESIs) are slightly different, showing that the ESIs were all
core indicators for the composite picture of environmental sustainability of water resources in
VSRB. The experts pointed out that water quality, ecological limits and the mitigation of natural
disasters and floods for the VSRB were the most significant indicators. In order to improve the
environmental sustainability of the VSRB, enhancing the water quality, increasing the rice
cultivation land exchange, and encouraging the use of water-saving irrigation techniques should
be valued.

Keywords: Environmental Sustainability Indicators, Water Resource, Fuzzy AHP, Srepok River
Basin, Vietnam.
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Tém tit: Viét Nam duogc tao héa wu 4i cho mot mang ludi song ngodi day dic va tai nguyén nude
ddi dao. Tuy nhién dit trong bdi canh hé thong thuy lgi con nhiéu han ché, sy wu 4i 4y dudng nhu
tao thém strc €p Ién cong tac quan ly bén ving tai nguyén nudce luu vue séng (LVS). Dé xay dung
khung danh gia tinh bén virg vé méi truong ddi véi tai nguyén nudc & LVS Srepok Viét Nam,
nghién ctru nay di ap dung quy trinh phan tich thir bic mo Fuzzy AHP. Mudi chi thi bén vimg moi
truong cdt 161 duge phat trién dya trén tinh hinh thuc té nhitng véan dé chinh ton tai trong khu vuc
nghién ctru myc tiéu. Nghién ctru di tién hanh tham van y kién cac chuyén gia trong nganh nudc va
mai truong dé danh gia muire d§ quan trong cua cac chi thi nay trong muyc tiéu khai thac s dung
nguon nuée bén ving vé phuong dién moi truong. Két qua tham van chuyén gia cho thiy ma tran
kiém dinh tinh nhit quan cia cic budc so sanh dat & mirc chip nhan dugc trong khoang tir
0,05-0,07. Bidu d6 cho thiy trong s hay vai tro cta céc chi thi dugc tinh toan tir cic ma tran so
sanh cdp nhét quan 1a dang tin cdy. Theo két qua tinh toan, 10 chi thi bén viing vé& méi trudng (ESIs)
¢6 trong s6 khong biang nhau song sy chénh 1éch khong nhiéu, cho thiy vai trd khong co su khac
biét 16n va déu 1a nhitng chi thi cbt 161 dam bao tinh bén ving vé phuong dién méi truong cua viée
khai thac, st dung va bao ton tai nguyén nudc LVS Srépdk. Dé cai thién tinh bén viing cua LVS
Srepok cai thién chét luong ngudn nudce, chuyén ddi dién tich trong lua sang céc loai cay trdng co
nhu cau str dung nudc it hon, va khuyén khich sir dung mé rong hon céc k¥ thuat tuéi tiét kiém nudc
thay vi ky thuat truyén théng can duoc coi trong.

Tir khéa: Chi thi bén viing moi truong; Tai nguyén nudc; Fuzzy AHP; LVS Srépdk Viét Nam.
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1. Mé diu

LVS M¢ Cong xuyén bién gidi, LVS 16n thir
21 trén thé gidi va la moét trong nhiing h¢ sinh
thai da dang va ning suat nhat the gioi, hién dang
d6i mit véi thach thirc to lon vé nuoc, bién ddi
khi hiu (BbKH), von dugc coi 1a mbi de doa cho
phat trlen bén vitng. BDKH dugc coi 1a van dé
toan cau quan tdm va bao cdo cua Uy ban lién
chinh phu vé BBKH (IPCC) (2014) néu rd cac
LVS 16n va cac khu vye déng bang nhu séng Mé
Cong dang bi de doa dac biét nhu thé nao. Cac
nghién ctru vé cac hé thong song khac nhau ¢
chau A, chau Phi va chau Au bao gdm song
Volta, song Hang, Brahmaputra, Meghna,
Hooghly, Thames va Mahanadi [1-3], cac két
qua chung tir cac nghién ctru nay cho thiy cac
ché do dong chay bi thay ddi, v6i su gia ting
dong chay trong mua mua va giam dong chay
vao mua khé, nhitng diéu nay c6 thé tao ra nhiing
tac dong ti€u cuc nhu thé nao dén chat luong
nude thdong qua tac dong cua viéc gidm do lodng
trong thoi gian kho han. Cac van d& lién quan
dén nudce trong LVS Mé Cong va dong bang cua
n6 da thu hat sy quan tdm dic biét; nghién ciu
clia cac tac gia [1-4] déu 1a nhitng vi du da duoc
thuc hién dé udc tinh mirc do nghiém trong cua
céc tac dong ciia ca BPKH va thay d6i do con
nguoi gy ra va danh gia tinh bén viing ciia cac
chién luoc thich tmg tiém ning.

LVS Srépdk Viét Nam, mot trong nhirng phu
lwu chinh cta song Mé Cong ciing phai d6i mat
v6i han han nghiém trong do BDKH. Nhu cau
nuée lién quan dén nong nghiép trong luu vuc
theo d6 da tang 1én dang ké va hién chiém wu thé
(hon 80%) tong nhu cau nudc. Trong khi do, mot
s0 nha may thuy dién da duge xay dung ¢ thuong
ngudn, giy ra tan pha rimg, thay d6i dong chay,
cac doan song chét va sat 16 bo. Hon nita, xem
xét didu kién séng nghéo nan cia cong dong dia
phuong va nhiing kho khan trong viéc dat dugc
céc thoa thuan chung vé nhu cau quan 1y nuéc
giita cac bén lién quan khac nhau, can phai tim
ra mot ké hoach phat trién phan bd nudc phu hop
khong chi dap tmg nhu cdu nudc cua cac bén lién
quan ma con ca yéu cau dé giam cang thiang vé
nude trong LVS Srépdk.

Xay dung khung danh gia tinh bén viing ciia
tai nguyén nude dugc coi la mot ki thudt hiru ich
dé giup nhimg ngudi ra quyét dinh xac dinh
nhiing hanh dong ma ho nén hodc khong nén
thuc hién trong nd luyc hién thuc hda muyc tiéu
quan ly va sur dung bén virng tai nguyén nudc. 6]
d6 phat trién bén viing vé moi truong doi hoi
chung ta duy tri sy cAn bang giita bao vé moi
truong ty nhién v6i sy khai thac ngudn tai
nguyén thién nhién phuc vu loi ich con ngudi. O
phuong dién nay, tinh bén viig vé mdi truong
clia tai nguyén nude LVS Srépdk duoc coi 1a mot
muc tiéu can dat dugc, cau hoi dat ra 1a lam thé
nao dé cu thé hoa muc tiéu ‘chung nay thanh cac
hanh dong rd hon va lam thé nao dé cung cap cho
nguoi ra quyét dinh nhitng thong tin day du dé
hé tro cho viée ra cac quyét dinh quan 1y, nham
céi thién tinh bén vimg vé méi truong. Quy trinh
phan tich thic bac AHP va quy trinh phan tich
thir bac mo Fuzzy AHP, 1a nhirng phuong phap
hiru ich dé giai quyét cac vin dé bén vimg da
dién va phi cau truc [5, 6], thuong dugc sir dung
cho céac dy 4n danh gia bén virng khac nhau, bao
gdm ca cac dy an danh gia tinh bén viing linh
vuc khai thac mé [7] va dac biét la trong linh vuc
quan 1y tai nguyén nuéc nhu dédnh gia tinh bén
vitng chit luong nudc, tai nguyén nude khu vuce
[3, 8], danh gia bén viing kinh té va xa hoi ddi
v6i tai nguyén nude ngam [8-11]. Do d6 trong
nghién clru nay, véi muc dich xay dung bd chi
thi bén viing vé phuong dién méi trudng cua tai
nguyén nudc cia LVS Srépdk, phuong phap
phan tich thir bac AHP va Fuzzy AHP duogc ap
dung dé xay dung bo chi thi cho luu vue béi tinh
wu viét ctia phuong phap nay trong rat nhiéu linh
vuc nghién ctu ciing nhu linh vuc danh giéd su
bén virng. Két qua tir nghién ctru nay s& hd tro
cong tac quan 1y bén vimng tai nguyén nudc ciia
LVS Srépok.

2. Khu vue nghién ctru

Theo Trung tdm Quy hoach va Diéu tra tai
nguyén nude quoc gia (NAWAPI), Tay Nguyén
noi chung va LVS Srépdk noi riéng 1a mot trong
nhitng vung chiu sy tdc dong 1én cua BDKH.
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Vi xu hudng lugng mua tdng cao vao mua mua
va giam manh vao mua kho da dan dén tinh trang
thiéu nudc trim trong cho luwu vyc nghién ciru
vao mua kho. Dic biét nhitng nim gan day, dién
bién mua that thuong da gy nén tinh trang mua
kho kéo dai, nhi¢t do tang cao va han han xay ra
thuong xuyén trén LVS Srépdk. Vi LVS Srépdk
1a luu vuc kin nén tai nguyén nudc mua s€ co vai
trd quan trong va 1a ngudn nude duy nhat dé bo
sung va cung cip nudc cho toan lwu vuc [12].
Theo bang dy bao mua cua cac tram khi
tuong tai cac tinh Gia Lai, Pak Lak, Pdk Nong
va Lam Dodng trén LVS Srépdk cho thiy luong

mua vao mua hé va mua thu da phan déu ¢ xu
thé tang so véi kich ban nén 1986-2005, dic biét
1a cac giai doan sau c6 xu hudng ting nhiéu hon
cac giai doan trudc. Nguoc lai, vé mua Pong,
luong mua giai doan 2016-2035 giam so vai giai
doan 1986-2005. Tuy nhién cac giai doan sau
dugce dy doan 1a c6 xu hudng tang so voi giai
doan nen 1986-2005 [12]. Tac dong truc tiép va
gian tiép cia BPKH dén tai nguyén nudc tai
LVS Srépdk s& c6 thé dan dén khan hiém ngudn
nude mit vao mua kho. Do thiéu ngudn nude bd
sung nén nudc ngam sé bi suy giam ca lugng
va chat.
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Hinh 1. Ban db ving quy hoach téng hop LVS Srépdk.

Nguoc lai, sy du thua nguén nudc mait vao
mua mua s& gay ra 1d lut, x6i mon bé mit va anh
huong x4u dén chat lugng nudc mat va nudc
ngam [12]. Tai Gia Lai vao mua kho cac nam gan
day, hau hét cac hd dép trén dia ban tinh can kiét
khién cho viéc san xudt va sinh hoat cua nguol
dan v6 cung kho khan. Tir thang 10 dén cudi
thang 3 hang nim du chinh quyén dia phuong
ludn nd lyc bom tudi nude cho cdy, nhung cac
x4 trong tinh con nhiéu noi thiéu nuée. Thyc té
cho thiy ké ca cac xa doc song Ba van thiéu nudc

& nhiéu thang trong nam. Nhiéu dién tich trong
ciy ca phé khong di nudc tudi din dén cay bi
kho héo ma nguoi dan thi khong thé ctru van
dugc tai san ctia minh do khong c6 ngudn nudc
du trir.

3. Phwong phap nghién ctru

Phuong phap Fuzzy AHP dugc st dung rong
rdi trong nghién ctru phuc vu danh gia tinh bén
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virng nudc cua tai nguyén nudc. Trong nghién
clru ndy, cac budc tién hanh dp dung phuong
phap phan tich thir bac md Fuzzy AHP dugc thé
hién trong Hinh 2, gdm 6 budc chinh tir BI t&i
B6. Trong bude B1, muc tiéu phat trién bén viing
moi truong cua viéc khai thac va st dung tai
nguyén nuéc LVS Srépdk dugc xac dinh. Thu
thap dir liéu vé& hién trang cic van dé& vé moi
truong duoc thuc hién & budc B2. Tu nén tang
hién trang moi trudng cua viéc khai thac va su
dung tai nguyén nudc khu vire nghién ctru, ta tién
hanh thiét 1ap céc chi thi trong budc B3. Phuong
phép Fuzzy AHP dugc sir dung dé thiét ké, tir
tham véan chuyén gia dé lap cac ma trén so sanh
cdp céac chi thi trong cing mot muc tiéu gop phan
vao phét trién bén viing vé phuong dién moi
truong 6 budc B4. Trong nghién ciru nay, nhom
tac gia thyc hién viéc tham van y kién céc chuyén
gia dau nganh vé& linh vyc tai nguyén nudc ciia
Viét Nam qua email. Thong tin vé& cac chuyén
gia tham gia tham van dugc trinh bay trong Bang
A phan phu luc. Theo phuong phap Fuzzy AHP,
cac chuyén gia sir dung cac bién theo biéu dat
ngdn ngit ty nhién dé so sanh gitta hai chi thi véi
nhau: bc%ng nhau, yéu, kha manh, rat manh, va
tuyét doi manh. Sau d6 phan tich tinh nhat quan
bang cach phan tich va kiém tra tinh nhat quan
cua cac ma tran. Khi ma trén so sanh cap da nhét
quan, tiép tuc tinh toan trong s twong dbi cua
cac thanh phén trong ciy thir bac bén vimg st
dung Fuzzy AHP, tr d6 s€ xac dinh dugc trong
sO tong thé cua cac thanh phan nay. Thang do
chuyén doi tam giac mod v6i 5 bién ngdn ngir va
thang do ddi (mg tam gidc md tuong tng duoc
thé hién trong Bang 1. Xép hang bang nhau chi
ra rang hai chi thi quan trong nhu nhau. Xép
hang yéu chi ra rang mét chi thi nay quan trong
hon mdt chut so v6i chi thi kia. Xép hang kha
manh chi ra raing mot chi thi nay kha quan trong
hon chi thi kia. Xép hang rdt manh chi ra rang
mot chi thi ndy quan trong manh hon chi thi kia.
Xép hang tuyét doi manh chi ra rang mot chi thi
nay tuyét ddi quan trong hon chi thi kia. Mdi xép
hang ngdn ngit duge cung cip mot hidu suat mo
tuong tng va cac hiéu suat mo tuong ing tuong
g dya trén quy tic trinh bay ¢ Bang 1.

B1: muc tiéu phat trién bén viing moi
truong cua tai nguyén nudc LVS Srépok

l

B2: nghién ctru thyc trang va thu théap di

|

B3: xay dung hé thong céc chi thi bén viing
dya trén cac van dé moi trudng thyc tién cta
viéc khai thac va st dung tai nguyén nudc
LVS Srépdk

|

B4: tham van chuyén gia theo phuong phap
Fuzzy AHP nhim so sanh tim quan trong cua
cac chi thi gop phan vao muyc tiéu bén viing
moi trrong cla tai nguyén nudc LVS Srépdk.

1

B5: phén tich tinh nhat quan cua két qua tham
van chuyén gia

!

B6: danh gia trong s cuia cac chi thi theo
Fuzzy AHP va dé xuit mot sé giai phap nham
cai thién tinh bén vimg vé phuong dién moi
truong cho tai nguyén nude LVS Srépdk

Hinh 2. Khung 4p dung phuong phap Fuzzy AHP dé
xdy dyng bo chi thi bén vimg vé moi trudng cua tai
nguyén nudc LVS Srépok.

Néu b6 ba (I, m, u) 1a sb mo, thi dbi ung
tuong ung la (1/u, 1/m, 1/1). Trong trudng hop
nay, m la gia tri trung binh, | 1a gi¢i han dudi, u
1a gi6i han trén. S6 mo do d6 c6 thé duoc biéu
thi bang khoang (1, u).

1Ly (lizzMaz,u12)  (liny Map, Usn)
A= (l21,m%1,u21) 1 }' 1) (IZnngwMZn) 'e))

(lnnMun, Ung) (g Mz, Unz) (1L,1,1)

Ma trén d6i ing A can duoc kiém tra vé tinh
nhit quan; ma trdn ddi Gmg A c6 tinh nhat quan
chap nhan duoc thi trong sé dua ra dugc tir viée
tham van chuyén gia cang dang tin cay. Phuong
phap kiém tra IRCM nay dugc mé ta nhu sau
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[13, 14]: A dugc coi la dam bao tinh nhat quan
chap nhan duoc néu ca hai ma tran so sanh thanh

phan, B va C dudi day 1a nhat quan. Trong dé:

B = (bij)nxn; C= (Cij)nxn

()

Bang 1. Thang do chuyén dbi tir cac bién ngon ngit
so sanh sang s0 mo tuong ung [7]

£ Ty 1& chuyén | Thang do dbi
Bién k. , -/
STT N ~ doi tam ung tam giac
ngoén ngir o \
giac mo mo
Bang
2 Yéu (1,312, 2) (1/2, 213, 1)
Kha
3 manh (3/2,2,5/2) | (2/5,1/2, 2/3)
4 | Ratmanh | (2,5/2,3) | (1/3,2/5, 1/2)
Tuyét d6i
5 manh (5/2,3,7/2) | (217,113, 2/5)

bjj = {u;j11l;jnéu i <jnéui=jnéui>j (3)

;= {lijlu;néui<jnéui=jnéui>j (4)

Xét riéng mot ma tran thanh phan B: RI(B)

la gia tri chi thi ngau nhién phy thudc vao kich
thudce cua B.

CI(B
CR(B) = 52 5)

CI(B) = —“’”“’“1 n,
Voi ﬂf;lax 1a gia tri riéng 1on nhat cua B.
Theo Bang 3, ma trn B dugc goi la nhat quan
chap nhan dugc néu chi thi nhat quan cua no:
CR(B) co gia tri nam trong khoang cho phép.

Bang 3. Khoang gia tri ty 1é nhat quan (CR) [13-16]

Kich th}roc 3 4 >4
ma tran
Khoang chép
nhan duoc | (0,0-0,05) | (0-0,08) | (0-0,1)
cua CR

Trong s6 cac chi thi Sls dugc tinh toan theo
phuong phap dé xuat Fuzzy AHP [17]. Déi voi
moi hang ciia ma tran (1) da dugc thiét 1ap, c6
thé tinh tong hang twong dbi nhu sau.

n n n
E lu"E miJ'E w

j=1 j=1 j=1

n
= =
i=1,..,n

Xéc dinh trong sb cuc bo cua ting ti€u chi va
céc chi thi bang cach téng hop timg hang ciia ma
tran so sanh nhat quan (1) va sau dé chuin hoa
céc tong hang dé thu duoc Si:

i RS,
W

j=11%
_ < j=1lij j=1 M)

Foa by hciher Djer W) Dkmtjes1 21 Mij
21 W) >
271'1=1 Wi+ Yk=1 k1 2?:1 L
= (li,mi,ui) i = 1, v, n (7)

Céac trong so dugc tinh toan chuyén doi cac
trong s6 md nhu sau:

li+m; +u;
;= Sl( ) = #
Si = Lijymyj, ugj) (8)
Vecto trong s6 chudn hoa 1a:
W = (wg,wy, ..., wy) 9)

Trong sb cua timg chi thi cho phép nha quéan
1y c6 thém thong tin vé khia canh hay hoat dong
cu thé ndo co vai trd quan trong trong viéc cai
thién tinh bén viing vé mit moi truong cho viéc
khai thac va su dung tai nguyén nudc LVS
Srépdk.

4. Két qua va thao luin

4.1. Xay dung cdc chi thi dva trén tinh hinh nuéc
thyec té luu vuc song Srépok

Céc chi thi vé tinh bén viing vé moi truong
cua nudc tai LVS Srépék s& duoc thiét lap dua
trén viéc xem xét va danh gia tat ca cac yéu to
lién quan tac dong va anh huong dén moi truong.
Cac chi thi dugc xay dung nham dam bao tinh
bén viing cia méi trudng, bang cach tinh dén cac
dic diém ctia moi trudng bao gom sd lugng va
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chat lwong nudc va tac dong ciia thién tai dbi véi
moi trudng LVS Srépdk.

Srépdk 1a khu vyc chi yéu phat trién nong
nghiép, lugng nude tudi tidu rat 1on. Téng nhu
cau nudc cho toan LVS Srepok nam 2017 la
2.301,74 triéu m?, trong d6 nhu cAu tudi chiém
ty trong cao nhat 1a 1.946,52 triu m® (chiém
84,57%) [18]. Do @96, chi thi SI0O1 dugc dinh
nghia 1a “Mot true di Ty I¢é luong nudc khai thac
thuc té va lwong mede thdc tiém nang” nhim
danh gia mic d6 khai thac nudc dé dam bao kha
cung cip du nudc tudi cho ndng nghiép. Vi
cach dinh nghia nay (Bang 4), gia tri cta chi thi
SI01 s& ludn nam trong doan [0, 1]. Gia trj chi
thi SI01 tién vé 0 khi lwong nudc khai thac thuc
té ting t6i mirc bang luong nudc khai thac tiém
nang, déng nghia c6 du hiéu cua sy khong bén
vimng v€ phuong dién moi trudng vi gay cang
thang cho ngudn nude. Ngugce lai gia tri chi thi
nay tién t6i 1, tirc 13 sy cing thing t6i ngudn
nuc cang dwoc giam, khi giam téi muc tdi
da thi dat trang thai bén viing vé phuong dién
moi truong.

Ngoai ra, can xem xét tong thé cac nguon
nudc nhu song, sudi, ao, dam, pha va cac tang
chtra nude d@é tinh toan cac thanh phan cia lugng
nudéc, tor d6 xay dung cac phuong an quy hoach
phan bo ngudn nudc phi hop. Trén co sé d6, chi
thi SI02 dugc xay dung nham danh gia tinh bén
vitng ctia dong chay, dam bao ché do cap nudc
ctia song, duy tri hé sinh thai va diéu tiét khi co
canh tranh trong sir dung nudc. Néu Luu lugng
dong chay tbi thiéu thuc té tai tram ha luu 16n
hon hodc bang Luu luong dong chay méi trudng,
thi gia tri ctia chi thi s& dugc tinh bang cach lay
mot tru di ty 1€ gitta Luu lugng dong chay moi
truong va Luu luong dong chay tdi thiéu thuc té
tai tram ha luu. Nguoc lai néu Luu luong dong
chay t61 thiéu thyc té tai tram ha luu nhé hon Luu
luong dong chay moi truong thi gia tri chi thi
bang 0, thé hién tinh bén viing cang thip.

Theo thuc té, chét lugng nudc mat luu vuc
Srépdk tir nam 2002 dén nay bi 6 nhiém bai cac
chat hitu co, nitrit va nitrat do nuéc mua rira céc
chat bé mit theo dong nude do ra song [19].
Dong thoi chi tiéu NOs™ tai mot s6 khu vuc ¢o
tang chira nuéc ngam dang vuot qua ngudng cho

phép theo QCVN 09-MT:2015/BTNMT vi du
nhu tai tiéu luu vuc Ia DPrang tiéu luu vuc Ea
H’leo, tiéu luu vuc Krong Ana,... [18]. Do do,
céc chi thi chat lugng nude S103 va SI04 duoc
dinh nghia la “Mot trir di ty I¢ gitra Dién tich khu
vie 0 nhzem va Dién tich toan luu viec’ > d6i véi
ting ngudn nudc mit, nudc ngam nham danh gia
anh hudng cia 6 nhidm Ién tinh bén vimng vé moi
truong cia LVS. Tuong tu nhu cach phan tich ¢
chi thi SI01, gia tri cta chi thi tién vé 0 c6 nghia
1a mtrc ¢ 6 nhiém moi trudng nude LVS nghiém
trong trén dién rong, va nguogc lai gia tri cua chi
thi tién dan vé 1 tirc 12 mirc d6 bén vitng chat
lwgng moi trudong nudce cang duge dam bao.

Vao mua mua 16n 1 quét, tai LVS Srépdk
xay ra hién tugng sat 1o dét tai ven song dién ra
nghiém trong lam thu hep dién tich dat trong.
Theo VNMC, dién tich sat 16 dét tai cac tinh
trong lanh thd LVS udc tinh hon 1.207 ha va
dién tich dat bi anh huong boi 1i 1én dén hon
30.500 ha (2017). Ngoai ra vao mua kho, thuong
xuyén xay ra han han c6 cuong do cao. Mot sd
huyén nhu Kbang, An Khé, Kong Chro, Krong
Pa thuong xuyén bi han han nang véi quy mé vai
nghin dén trén traim nghin hecta mdi nam, cu thé
nam 2017, tong dién tich cay trong han han trong
céc tinh thudc lanh thé LVS uéc tinh 195.135,4
ha [18]. Vi vay, ba chi thi SI05, S106, SI07 dugc
xay dung nham danh gi4 anh hudng cua thién tai
1én tinh bén vimg vé maéi truong cua LVS. Cac
chi thi nay duoc dinh nghia bang cach lay “Mot
tru di ty 1€ gifra Dién tich khu vuc bi anh huéng
boi thién tai (sat 10 dat, 1d lut, han han) va Tong
dién tich LVS”. Mot cach tuong ty, cac chi thi
c6 gia tri tién dan vé 0 thé hién dién tich va quy
mo anh hudng cta thién tai 16n, gié tri tién vé 1
c6 nghia la tac dong cua thién tai khong anh
huong dén méi truong.

Hién nay, viéc ap dung k§ thuat tuéi tiét
kiém nudc dang duogc coi la gidi phap dot pha
cho ciy trong can trong bbi canh thoi tiét ngay
cang nrfmg néng. Tuy nhién, ty 1€ ap dung tudi
kinh t& & Tay Nguyén noi chung va luu vuc
Srépdk néi riéng van thap hon cac ving khéc. Vi
vay, ba chi thi sau lién quan dén giai phap tiét
kiém nudc tudi trén LVS. Chi thi SI08 dugc xac
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dinh 1a ty 1¢ gitra dién tich dat trong lta duoc
chuyén muc dich sir dung dé tiét kiém nudc tudi
va dién tich dét trong lta c6 thé chuyén doi muc
dich sir dung. Chi thi SI09 thé hién ty 1¢ giira dién
tich dat nong nghiép ap dung phuong phap tuoi
tiét kiém va téng dién tich dat néng nghiép toan
Iwu vye. Chi thi SI10 duoc xay dung dé danh gia
hiéu qua cua k¥ thuat tudi tiét kiém (Bang 4).

4.2. Tinh toan trong so cdc chi thi bén vieng vé
phuong dién moi truong cua tai nguyén nuoc luu
viee song Srépok

Két qua kiém tra tinh nhat quan ctia ma tran
dbi mg- két qua cta hang loat cac so sanh céac
cdp chi thi, cap chi s6 nhét quan 13 0,07 va 0,05
nam trong khoang cho phép di véi ma tran kich
thudc 16n hon 4 trong Bang 3. Tinh nhat quan
chap nhan duoc ciia ma tran ddi tng cho ta két
qua trong s cua céc chi thi dang tin cdy.

Trong s6 ciia cac chi thi dugc trinh bay trong
Hinh 3. Vai tro cta cac chi thi dugc tinh theo ty
1¢ phan trim cua chung theo danh gia cua céac
chuyén gia. C6 thé thiy tit ca cac chi chi bén
vitng vé phuong dién méi trudmg déu co trong s6
danh gid kha quan trong, trén 7%, va d6 chénh
léch vé trong sd cac chi thi khong 16n. Didu nay
cho thay 10 chi thi méi truong nay déu la cac chi
thi chinh cua LVS Srépdk. Trong d6 cao nhit 1a
cac chi thi SI03 (11,95%), S104 (13,04%) va
S106 (13,15%); diéu nay cho thdy, cic chuyén
gia nhan dinh vai trd rat quan trong cta cac chi
thi vé chat lwong ngudn nudc va giam nhe anh
huong cia thién tai lii lut trong viéc ting cuong
tinh bén vimg vé phuong dién méi trudng cho
viéc khai thac va sir dung tai nguyén nudc khu
vuc nghién ctru. Céc chi thi S102 (10,92%) ciing
la chi thi quan trong khong kém so véi cac chi
thi cao nhat. Piéu d6 cho thdy cac chuyén gia
nhan dinh vai tré ctua viéc khai thac nudc dam
bao gidi han sinh thai 1a quan trong d6i véi viée
dam bao tinh bén viing vé phuong dién moi
truong khu vuc. Viéc dam bao gidi han sinh thai
can dugc dic biét quan tam khi khai thac ngudn
nudc, dong nghia véi viéc tranh khai thac can
kiét nguon tai nguyén nay, cin dam bao hé sinh
thai ty nhién ctia LVS song.

Bang 4. Céc chi thi bén vitng méi truong
cua tai nguyén nudc LVS Srépok

Chi thi M@ ta chi thi
Gidihan | Mot trr di ty 1¢ gifta Luong nudc
khai thac | khai thac thuc té va Lugng nudc thac
(SI01) | tiém nang.
Bing mot trir di ty 18 giita Luu lugng
dong chay moi truong va Luu lugng
dong chay tdi thiéu thuc té tai tram
Gi6i han | ha luu, néu Luu lugng dong chay t6i
sinh thdi | thiéu thuc té tai tram ha luu > Luu
(S102) lugng dong chay mdi truong;
Bing 0, néu Luu luong dong chay tdi
thiéu thuc té tai tram ha luu < Luu
lugng dong chay méi trudng.
O nhiém | Mot trir di ty 1¢ gitta Dién tich nuéc
nuéc mat | mit bi 6 nhim va Dién tich toan
(S103) luu vuc.
O nhim 1 15t i di 1y 1¢ gitta Dign tich nue
N dudi dat bi 6 nhiém va Dién tich toan
neam luu vuc.
(S104) j
Dién tich | Mot trir di ty 1€ gilra Dién tich khu
sat 1& vuc bi sat 16 va Dién tich toan
(S105) luu vuc.
Dién tich e ae o 1A e A
S Mot trir di ty 1€ gilra Dién tich khu
Il &nh . . 1 N TNGAL e
huéng VI,I:C anh hudng boi 1 lut va Dién tich
(S106) toan luu vuec.
Dién tich | /o irir 16 giita Dién tich khu vue
han anh \ . = A
huéng an}l hudng bai han han va Dién tich
(s107) toan luu vuec.
Dién tich Ty ¢ gitta Dién tich dat ’trck)ng7 laa da
N , dugc chuyén d6i myc dich st dung
trong lta MRS . s A
chuyén n’ham A’tlet Akle_:m’ nugwc txum Va; DIE};I"I
2. tich dat trong Iua c6 thé chuyén doi
doi (S108) L,
muc dich st dyng.
Dién tich | Ty 18 giita Dién tich dat nong nghiép
tudi tiét | ap dung phuong phap tudi tiét kiém
kiém va Dién tich dat néng nghiép toan
(S109) luu vuc.
Hiéu suét
tudi tiét | Hidu suét ciia phuong phap tudi tiét
kiém kiém.
(S110)

Hon thé nira thi LVS Srépdk 1a luu vye ma
lwong nude danh cho nganh néng nghiép chiém
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mot ty 18 rat 16m (trén 80% tong lwong nudc danh
cho nganh kinh té nam 2018). Do d6 dé dat duoc
hi€u qua cta viéc giam lugng nudc st dung,
chuyén gia nhan dinh viéc chuyén d6i dién tich
trong Iba cting rat dugc quan tam boi laa 1a loai
ciy trong yéu cau sir dung nhiédu nuge nhét trong
céc loai cdy trong (trung binh can 9700 m3/ha)
trong khi hoa mau va cac cdy luong thuc khac
trung binh chi can 5000 m%ha, hodc café tham
chi chi can chimg 3000 m¥ha. Ap dung cic bién
phap tuéi tiét kiém nham tiét kiém duoc lugng
nuée sir dung ma van dam bao ning suét cay
trdng 13 bién phap dang duoc khuyén khich tai
khu vyc nay. Vi thé ma ba chi thi SI08, SI09,
SI10 lién quan khuyén khich ap dung cac giai
phap tang cuong st dung k¥ thuat tuoi tiét kiém,
chuyén d6i muc dich sir dung dat tir lia nuée
sang cac loai hoa mau dugc nhén dinh vai tro kha
quan trong trong viéc cai thién tinh bén vimg vé
mdi truong LVS. Hai chi thi SI05 va SI07 co
trong sb thap nhét trong mudi chi thi chinh cua
phuong dién méi truong. Piéu nay cho thiy, cac
chuyén gia nhén dinh vai tro viéc sat 16 bo song
va dién tich han han khong thuc sy nghiém trong
anh huong téi tinh ben ving vé phuong dién
moi trudng nhu cac van dé ndi com khac tai khu
vuc nay.

14.00% 13.04% 13.15%

12.00% 20, o,
o 1092 1089% 10 3100 0 oree
1000% 7% :

8.40%
58.00% 7.08%

6.00%
4.00%
2.00%

0.00%
Gidi han Gidi han O nhiém O nhiém Dign tich Dién tich Din tich Dién tich Dién tich Higu sudt

khai thée sinh thii nude mit nude satly Manh hgnanh  Ka  fwditer nwdi tiet
(SI01)  (S102) (SI03) ngim  (SI05) ‘twomg ‘twomg chuyén  kifm kitm
(SI04) (S106)  (SI07) d0i(SI08) (SI09)  (SI10)

Hinh 3. Twong quan trong sd clia cac chi thi bén
virng vé mai truong.

Danh gia mot cach tong hop, ca 10 chi thi
déu dugc danh gia & mirc quan trong khong qua
khac biét, dao dong tir mirc thip nhat 7,08% t6i
murc cao nhat 1a 13,15% v&i mirc d6 trung binh
chirng 10,52%. Diéu d6 mot lan nira cho thay 10
chi thi méi truong dugc x8y dung trong nghién

cuu nay la céc chi thi cbt 161, mé ta duoc bic
tranh tong thé vé sy bén viing vé phuong dién
moi truong cho tai nguyén nudc LVS Srépok.

5. Két ludn

D¢ xdy dyung khung danh gia tinh bén viing
vé moi truong dbi véi tai nguyén nudc ¢ LVS
Srépdk Viét Nam, nghién ciu nay da ap dung
quy trinh phan tich thir bic m¢ Fuzzy AHP, mot
trong nhiing phuong phap phu hop trong cac
nghién ciru vé danh gia tinh bén viing cua tai
nguyén nudce. Mudi chi thi bén vitng moi truong
cot 161 duoce phat trién dya trén tinh hinh thuc té
nhitng van dé chinh ton tai trong khu vuc nghién
clru muc tiéu. Nghién ctru di tién hanh tham van
y kién cac chuyén gia trong nganh nudc va moi
truong dé danh gia mirc do quan trong cla cac
chi thi nay trong muyc tiéu khai thac sir dung
ngudn nudc bén ving. vé phucng dién moi
truong. Két qua tham van chuyén gia cho thdy
ma tran kiém dinh tinh nhét quan cua cac budc
so sanh dat & murc chép nhén duge. Piéu dé cho
thay trong s6 hay vai trd ctia cac chi thi dugc tinh
toan tir cic ma trén so sanh cip nhét quan 1a dang
tin cdy. Theo két qua tinh toan tir quy trinh nay,
10 chi thi co6 trong s6 khac nhau song su chénh
1éch khong nhiéu, cho thiy vai tro khong co sy
khac biét 16n va déu 1a nhitng chi thi c6t 16 dam
bao tinh bén viing vé phuong dién méi truong
cua viéc khai thac, str dung va bao t6n tai nguyén
nude LVS Srépdk. Trong s do cac chuyén gia
dac biét quan tam t6i chat lwong ngudn nudc
khai thac, gioi han sinh thai dam bao va viéc
giam nhe thién tai i lut cho ving dét noi day.
Viéc khuyén khich chuyén d6i muc dich sir dung
dat dé trong nhiing loai cdy, hoa mau can lugng
nudc tudi it hon, déng thoi két hop véi tang
cuong su dung cac hé thong tudi tiét kiém, va
nang cao hiéu sudt cua cac bién phap tudi tiét
kiém dugc cac chuyén gia danh gia cao boi
ngudn tai nguyén nude rat han ché vao mua kho
noi day. Két qua tir nghién ciru nay la nén tang
quan trong cho cac nghién ctru tiép theo nham hd
trg nha quan 1y nhin 13 duoc van dé can uu tién
trudc tién dam bao bén viing vé phuong dién moi
truong. Dé cai thién tinh bén vimg cia LVS
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Srépék, cai thién chat lugng nguén nudc, chuyén
d6i dién tich trong ltia sang cac loai cy trong co
nhu cau sir dung nudc it hon, va khuyén khich st
dung mo rong hon cac ky thuat tudi tiét kiém
nuée thay vi k¥ thuat truyén thong can duoc
coi trong.
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Nghién ctru nay duoc tai trg bdi Quy Phat
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quy bau dé chinh stra ban thao.

Tai liéu tham khao

(1]

(2]

(3]

(4]

G. Bussi, S. E. Darby, P. G. Whitehead, L. Jin,
S. J. Dadson, H. E. Voepel, G. Vasilopoulos, C. R.
Hackney, C. Hutton, T. Berchoux, D. R. Parsons,
A. Nicholas, Impact of Dams And Climate Change
On Suspended Sediment Flux to the Mekong
delta, Science of the Total Environment, Vol. 755,
No. 1, 2021, pp. 142468,
https://doi.org/10.1016/j.scitotenv.2020.142468.

P. G. Whitehead, L. Jin, G.Bussi, H. E. Voepel,
S. E. Darby, G. Vasilopoulos, R. Manley,
H. Rodda, C. Hutton, C. Hackney, V. P. D. Tri,
N. N. Hung, Water Quality Modelling of the
Mekong River Basin: Climate Change and
Socioeconomics Drive Flow and Nutrient Flux
Changes to the Mekong Delta, Science of the Total
Environment, Vol. 673, 2019, pp. 218-229,
https://doi.org/10.1016/j.scitotenv.2019.03.315.

G. M. Kondolf, R. J. P. Schmitt, P. Carling,
S. Darby, M. Arias, S. Bizzi, A. Castelletti, T. A.
Cochrane, S. Gibson, M. Kummu, C. Oeurng,
Z. Rubin, T. Wild, Changing Sediment Budget of
the Mekong: Cumulative Threats and Management
Strategies for A Large River Basin, Science of the
Total Environment, Vol. 625, 2018, pp. 114-134,
https://doi.org/10.1016/j.scitotenv.2017.11.361.

A. Chapman, S. Darby, Evaluating Sustainable
Adaptation Strategies for Vulnerable Mega-Deltas
Using System Dynamics Modelling: Rice
Agriculture in the Mekong Delta's An Giang
Province, Vietnam, Science of the Total
Environment, Vol. 559, 2016, pp. 326-338,
https://doi.org/10.1016/j.scitotenv.2016.02.162.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

A. Boggia, C. Cortina, Measuring Sustainable
Development Using A Multi-Criteria Model: A
Case Study, Journal of Environmental Management,
Vol. 91, Iss. 11, 2010, pp. 2301-2306,
https://doi.org/10.1016/j.jenvman.2010.06.009.

S. S. Motevallian, M. Tabesh, A. Roozbahani,
Sustainability Assessment of Urban Water Supply
and Distribution Systems: A Case Study, Zanjan
Regional Water Company, The 2™ Research in
Water Resources, May 18-19, 2011.

N. T. Bui, A. Kawamura, K. W. Kim,
L. Prathumratana, T. H. Kim, S. H. Yoon, M. Jang,
H. Amaguchi, D. D. Bui, N. T. Truong, Proposal of
an Indicatorbased Sustainability ~Assessment
Framework for the Mining Sector of APEC
Economies, Resources Policy, Vol. 52, 2017,
pp. 405-417,
https://doi.org/10.1016/j.resourpol.2017.05.005.
S. Sun, Y. Wang, J. Liu, H. Cai, P. Wu, Q. Geng,
L. Xu, Sustainabilityassessment of Regional Water
Resources Under the DPSIR Framework, Journal
of Hydrology, Vol. 532, 2016, pp. 140-148,
https://doi.org/10.1016/j.jhydrol.2015.11.028.

N. T. Bui, A. Kawamura, H. Amaguchi, D. D. Bui,
N. T. Truong, H. N. Nguyen, Economic
Sustainability ~ Assessment of  Groundwater
Resources: A Case Study of Hanoi, Vietnam,
Journal of Environmental Science and Engineering
Vol. 6, 2017, pp. 624-633.
https://doi.org/10.17265/2162-5263/2017.12.003.
N. T. Bui, A. Kawamura, H. Amaguchi, D. D. Bui,
N. T. Truong, K. Nakagawa, Social Sustainability
Assessment of Groundwater Resources: A Case
Study of Hanoi,Vietnam, Ecological Indicators,
Vol. 93, 2018, pp. 1034-1042,
https://doi.org/10.1016/j.ecolind.2018.06.005.

N. T. Bui, A. Kawamura, D. D. Bui,
H. Amaguchi, D. D. Bui, N. T. Truong, H. H. T.
Do, C. T. Nguyen, Groundwater Sustainability
Assessment Framework: A Demonstration of
Environmental Sustainability Index for Hanoi,
Vietnam, Journal of Environmental Management,
Vol. 241, 2019, pp. 479-487,
https://doi.org/10.1016/j.jenvman.2019.02.117.
NAWAPI, Overview of the Impact of Climate
Change on the Srepok River Basin,
http://nawapi.gov.vn/cong-trinh-du-an/nhim-v-
chuyen-mon-ang-thc-hin/tng-quan-v-tac-ng-ca-
bin-i-khi-hu-n-lu-vc-song-srepok/, 2018 (accessed
on: September 1%, 2022).

D. Y. Chang, Applications of the Extent Analysis
Method on Fuzzy AHP, European Journal of
Operational Research, Vol. 95, Iss. 3, 1996,
pp. 649-655,
https://doi.org/10.1016/0377-2217(95)00300-2.


https://doi.org/10.1016/j.scitotenv.2020.142468
https://doi.org/10.1016/j.scitotenv.2019.03.315
https://doi.org/10.1016/j.scitotenv.2017.11.361
https://doi.org/10.1016/j.scitotenv.2016.02.162
https://doi.org/10.1016/j.jenvman.2010.06.009
https://doi.org/10.1016/j.resourpol.2017.05.005
https://doi.org/10.1016/j.jhydrol.2015.11.028
https://doi.org/10.17265/2162-5263/2017.12.003
https://doi.org/10.1016/j.ecolind.2018.06.005
https://doi.org/10.1016/j.jenvman.2019.02.117
http://nawapi.gov.vn/cong-trinh-du-an/nhim-v-chuyen-mon-ang-thc-hin/tng-quan-v-tac-ng-ca-bin-i-khi-hu-n-lu-vc-song-srepok/
http://nawapi.gov.vn/cong-trinh-du-an/nhim-v-chuyen-mon-ang-thc-hin/tng-quan-v-tac-ng-ca-bin-i-khi-hu-n-lu-vc-song-srepok/
http://nawapi.gov.vn/cong-trinh-du-an/nhim-v-chuyen-mon-ang-thc-hin/tng-quan-v-tac-ng-ca-bin-i-khi-hu-n-lu-vc-song-srepok/
https://doi.org/10.1016/0377-2217(95)00300-2

74

[14]

[15]

[16]

B. T. Nuong et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 38, No. 4 (2022) 63-74

F. Liu, Acceptable Consistency Analysis of
Interval Reciprocal Comparison Matrices, Fuzzy
Sets and Systems, Vol 160, Iss. 18, 2009,
pp. 2686-2700,
https://doi.org/10.1016/j.fss.2009.01.010.

T. L. Saaty, Fundamentals of Decision Making and
Priority Theory with AHP, Second ed, RWS
Publications, Pittsburgh, Pennsylvania, USA, 2000
E. W. L. Cheng, H. Li, Information Priority-setting
For Better Resource Allocation Using Analytic
Hierarchy Process (AHP), Information
Management & Computer Security, Vol. 9, No. 2,
2001, pp. 61-70,
http://dx.doi.org/10.1108/09685220110388827.

[17]

(18]

[19]

A. Calabrese, R. Costa, T. Menichini, Using Fuzzy
AHP to Manage Intellectual Capital Assets: an
Application to the ICT Service Industry, Expert
Systems with Applications, Vol. 40, Iss. 9, 2013,
pp. 3747-3755,
https://doi.org/10.1016/j.eswa.2012.12.081.
Vietnam National Mekong Committee, Report
Explaining The General Planning of Srepok River
Basins, 2020 (in Vietnamese).

Institute of Water Resources Planning,
Environmental Status Report — Water Demand For
The Environment and the Importance of
Maintaining Environmental Flows in the Srepok
River Basin, 2013 (in Vietnamese).


https://doi.org/10.1016/j.fss.2009.01.010
http://dx.doi.org/10.1108/09685220110388827
https://doi.org/10.1016/j.eswa.2012.12.081

