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Tém tat: Nghién ciru nay dwoc thuc hién nhdm xdc dinh quy mé thoi gian han va dé tré giia hién twong
El Nifio v&i han hdn tai lwu vire S6ng Srepok, tir d6 hé tro cong tdc dw bdo va qudn ly tai nguyén nudce tai dia
phwong hiéu quda hon. Dt liéu nghién ciru bao gdm chi s6 Nifio dai duong (ONI), chi sé lwong muwa chuén
héa (SPI) va chi s6 dong chdy chuén héa (SSl) trong giai doan 1982-2023. Phurong phdp nghién ciru duoc
s dung bao gém tinh todn cdc chi sé han SPI va SSI, phédn tich dnh hwdng cua ENSO dén han hdn. Két qua
cho thdy SPI10 va SSI8 la cdc quy mé thoi gian chiu tdc déng manh nhét tir ENSO, vdi gid tri trung binh cua
chi s6 han gitta ném La Nifia va El Nifio Ian lwot I 1,49 va 1,58. ENSO dnh huéng cé dé tré trung binh dén
lwong mua 1d 2 thdng va dong chdy Id 3 thdng. Cdc pha El Nifio thudng di kém vdi han nghiém trong, xudt
hién tir cudi mua mua va kéo dai dén mua khé, vdi ty 1é han rét khé chiém trén 50%. Nhirng phdt hién nay
khéng dinh dnh hwéng cia ENSO dén han hdn va co s& dé cdnh bdo som va qudn ly han hiéu qué trong béi
cdnh bién déi khi hdu tai luu vire S6ng Srepok.

Tir khéa: El Nifio, han hdn, chi sé lwong mua chuén héa (SPI), chi s6 dong chdy chuén héa (SSI), chi s6

Nifio dai duong (ONI).

1. M@ dau

Han hdn la mot trong nhirng hién twong thoi
tiét cwec doan gay ra nhiéu anh huwédng tiéu cuc
dén doi séng kinh té - x3 hdi va méi trwong, dac
biét |3 tai cac lvu vue sdng 16n [1], [2]. Trong bai
canh bién déi khi hau toan ciu ngay cang phurc
tap, tn suat va cudng do cta han han tai khu
vuec Dong Nam A, trong d6 cé Viét Nam, dang cé
xu hudng tang 1én [3]. MOt trong nhitng nguyén
nhan chinh din dén tinh trang nay 13 hién twong
El Nifio-Southern Oscillation (ENSO). ENSO la
mot trong nhirng hién twgng dao dong ndi mua
- ndi nién cé anh hudng I&n dén khi hiu toan
cau, dac biét trong khu vuc nhiét d&i va can
nhiét dai [4], [5]. Sw bién dai gitta hai pha chinh
El Nifio (pha &m) va La Nifia (pha lanh) gy ra
nhirng thay d6i rd rét trong phan bé lwvgng mua,
nhiét d6 va ché do dong chay & nhiéu khu vyc
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trén thé gidi, trong d6 c6 Bong Nam A [6], [7].

Céc nghién cru d3 chi ra rang El Nifio thwong
gan véi tinh trang kho han kéo dai, trong khi La
Nifia cé thé dan dén gia ting lwong mua bat
thuong va |U lut & nhiéu noi [8]. Do dd, ENSO
dugc xem la mét yéu té khi hdu dnh huwéng dén
cadc md hinh thoi tiét va khi hau trén toan cau,
trong dé c6 han han va I lut [4].

Trong hai thap nién gan day, mdi lién hé
gitta ENSO va han han da thu hit s quan tam
déc biét tr cdng dong khoa hoc qudc té. Cac
cong trinh dién hinh d3 ng dung cac chi sé khi
hdu nhu Oceanic Nifio Index (ONI), Southern
Oscillation Index (SOI), hay Nifio3.4 dé phan
tich anh hudng cda ENSO dén han khi tugng
va han thiy vdn théng qua cac chi s& han
nhw Standardized Precipitation Index (SPI) va
Standardized Streamflow Index (SSI) [9], [10].
Céc chi s6 han nay cho phép phan tach va md
td riéng biét céc giai doan trong qua trinh lan
truyén han hén, tir thi€u hut lwgng mwa dén suy
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giam dong chay, tlr dé danh gid mirc d6 va thoi
gian phan &ng cta tirng loai han déi véi céc tin
hiéu khi hiu toan cau.

Tai lwu vee Mé Kong, dac biét la cac vung phu
lwu thudc 13nh thé Viét Nam nhu Séng Srepok,
anh hudng cia ENSO ngay cang r& rét dudi tac
doéng clha bién d6i khi hau va céc tac ddng nhan
sinh & thugng ngudn lvu vue. Mot sé nghién
clru d3 chi ra rang luvu lvong dong chay song
Mé Koéng gidm manh trong cac nam cé El Nifio
manh nhw 1997-1998 hay 2015-2016 [11-13].
Tuy nhién, mirc d6 tadc dong nay co thé khac biét
gita cac luu vyc va theo mua, phu thuéc vao
diéu kién dia hinh, |&p phi bé mat, va cau tric
dong chay. Mé hinh SWAT duoc sir dung dé mo
phong dong chay dudi cac kich ban khi hau khac
nhau va chi ra rang cac su kién El Nifio lam gidm
dang ké lwu luvgng dong chay trong mua kho,
tlr @6 lam tram trong thém tinh trang han han
tai cac tiéu lwu vue Srepok va Sé San [14]. Mot
trong nhitng yéu t6 khi hau chinh dnh hudng
dén thdy van tai lwu vue Sdng Srepok 1a dnh
huwéng tir ENSO, dong thoi két hop vdi cac yéu
t6 nhu s dung dat va van hanh hd chra dan
dén gia tang rdi ro han han [15]. Khi dp dung cac
chi s6 han (SPI, SSWI va SRI) & nhiéu thang thoi
gian khdac nhau, cho thay mai lién két rd rét giira
ENSO va han han; trong dé, cac su kién El Nifio
xay ra vao mua déng (thang 12-1-2) c6 thé gay ra
han khi twgng vao mua xuan (thang 3-4-5), sau
d6 dan dé&n han thdy van va han néng nghiép
trong céc thang tiép theo [16]. Cac két qua nay
tuwong déng véi nghién ciru quy mé vlng cla
Lee va Dang [17], khi ghi nh&n tan su3t va murc
dd nghiém trong cla han han gia tang dang ké
trong cdc pha El Nifio manh tai khu viwc Nam
BO, bao gdbm ca lwu viee Séng Srepok. Téng thé,
cac cong trinh nghién ctru nay khang dinh hién
twgng ENSO cé anh huwéng lam gia tang han
han. Luu viee Song Srepok, nam & khu vue Tay
Nguyén cua Viét Nam, dong vai tro chién lugc
trong ndng nghiép, thay dién va phat trién bén
vitng tai nguyén rirng [18], tuy nhién chua co
céc nghién ctru vé anh hudng ciia ENSO dén ca
han khi twgng va han thdy van trong béi canh

TAP CHi KHOA HOC BIEN DOI KHi HAU
S6 37 - Thang 3/2026

20

bi€n d&i khi hau ngay cang phrc tap.

T nhitng phan tich trén, cé thé thay rang
viéc danh gia déng thoi anh hwéng cda ENSO
dén ca han khi twong va han thdy van la can
thiét dé hiéu rd hon qua trinh tadc déng dén khi
tuwong thay vdn & cap lwu vuce. Trong bbi cdnh
do, dé thuc hién dwoc nghién ciru anh huwéng
cUa ENSO dén han han trén luu vure Sdng Srepok
can tra 101 hai cau hdi sau: i) & quy md thoi gian
nao cac chi s6 han phan 4dnh rd nhat cic anh
huwdng cha ENSO dén lugng mua va dong chay?
ii) ENSO anh hudng rd rét nhat dén lvgng mua
va dong chay vao thdi diém nao trong ndm?.

2. Di¥ liéu va phwong phap nghién ciru
2.1. Di¥ liéu

Luu vire song Srepok (toa do 11°45'-13°15'B,
107°15'-109°00'P) ndm & khu vuc Tay Nguyén,
Viét Nam, véi dién tich khodng 12.000 km? vd&i
téng dan s6 xap xi 2,5 triéu ngudi [19]. Khu vuce
nghién ctru nam & do6 cao tir 140 dén 2.400 mét,
theo hudng Tay Bac - Dong Nam. Khi hau chu
yéu chju anh hwéng cla gié mua nhiét ddi, vai
dd dm cao. Khu vire nay cé hai mua rd rét kéo dai
mdi mua khoang 6 thang: mua mua tir thang 5
dén thang 10 va mua khé tir thang 11 dén thang
4 nam sau. Nhiét do trung binh ndm dao déng
tr 20 dé&n 25°C [20].

D{t liéu trong nghién clru nay bao gém chi s
Niflo dai duwong (Oceanic Nifio Index - ONI) va
lwgng mua cung lwu lwong dong chay trén khu
vire nghién ctru. Nghién ctru sir dung dir liéu tir
9 tram do mua (Buén Mé Thudt, Buén Ho, Dak
Mil, L3k, D3k Nong, Pa Lat, Cu Dram, M Drack
va Ea Sup) va mét tram thdy van (Ban Don)
(Hinh 1). ONI duoc trich xuat tir trang https://
origin.cpc.ncep.noaa.gov. Cac dit liéu s dung
& dang trung binh thang, duogc 13y tir ndm 1982
dén 2023.

Vi lwu viee khéng 1én va dé dam bdo tinh én
dinh, nghién ctu khéng phan tich chi s6 han
khi tuvgng theo tirng tram ma s& dung lwgng
mua trung binh toan lwu vye. Tuwong ty, chi sé
han thuay van cling dwgc phan tich dua trén sé
lieu dong chay tir lwvu viee Srepok, ndm & cudi
lwu vie.
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Hinh 1. Lwu vire S6ng Srepok va cdc tram khi tugng thiy vdn si dung trong nghién ciru

2.2. Phwong phdp thu thdp va phdn tich dir liéu

2.2.1. Chi sé han khi twong - SPI

Chi s6 lvgng mua chudn héa SPI (Standard
Precipitation Index) duwgc McKee [21] cung céc
doéng sy dé xuat vao nam 1993, day la mét chi sé
duoc si dung rong rai trén thé gidi. SPI 13 mot
chi s6 dugc xac dinh dya trén ham phan b6 cda
lwong mua va duoc tinh vdi cac budc thoi gian
khdc nhau, tlr 1 thdng dén 48 thang hodc dai
hon. Goi x la lwvgng mua ng véi budce thoi gian
chon trwdce cdia mot thang bat ky trong nam, SPI
sé duoc tinh theo cac bwdc sau:

Xac dinh cdc tham sé hinh dang (shape
parameter) (a) va tham sé ty |& (scale parameter)
(B) theo phan phéi Gamma nhu sau:

oc_1+w/1+4U/3 (1)
B 4U ’

(2)

B:

)

| >

O day X 1a gia trj trung binh cta X va U 13
hé s& théng ké. Goi n |a s& 1an quan trac lvong
mua, khi d6 U duoc tinh nhu sau:

U= 111()?)—M
n

(4)

Xac dinh ham phan b6 Gamma theo phuong
trinh sau:

—-X

x“ e dx

Oy =

Gx)=t—
£ T(e)

O day Ma) = (a - 1)1, né duoc goi 1a ham
Gamma. Vi ham Gamma khéng dugc xac dinh
cho x = 0 va phan phdi lwvgng mua cé thé chira
céc s6 khdng, nén xac suat tich Iy tré thanh:

H(x) = q + (1-9)G(x), (5)

Trong d6 g |a xac suat &rng vdi x = 0.

+ Tinh SPI

Xdac sudt tich Ity H(x) sau d6 dwoc chuyén
thanh bién ngiu nhién chudn hdéa véi gia tri
trung binh bang 0 va phuong sai bang mét, 13
gia tri cha SPI:

TAP CHi KHOA HOC BIEN P81 KHi HAU || =1
S6 37 - Thang 3/2026 ||
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6déy vao. SSI cé thé duoc tinh todn cho ca dit liéu
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Ngudng cta SPI va SSI vé mirc d6 khd han
duoc cho trong Bang 1.

Bdng 1. Phén cép han theo SPI va SSI

Gia tri cha cac chi s6 Phan loai
2 Rat am
1 Am
0 Binh thudng
-1 Kho
-2 Rat kho

SPI 13 m6t dang dit liéu chudn hda, vi vay
né mé ta tét hon mdc dd tram trong cda thiéu
hut lwgng mua. SPI dugc tinh véi sé liéu dau
vao la lwgng mua trung binh cda lvu viee ma dir
lidu nay dwoc tinh bang phuwong phap Pa giac
Thiessen vé&i lwvgng mua tir cac tram quan trac.
2.2.2. Chi s6 dong chdy chudén héa - SSI

Chi s6 dong chay chuin héa (Standardized
Streamflow Index - SSI) dwgc Modarres gidi
thiéu vao ndm 2007 va duoc diéu tra thém baoi
Telesca va cong sy nam 2012 [9]. Bugc phat
trién bang cach s&r dung cac gia tri dong chay
hang thang va cédc phuong phép chuin hda lién
quan dén SPI.

SSI cling c6 quy trinh tinh toan gidng véi SPI,
vdi mét diém khac biét 1a dir liéu lvgng mua
duoc thay thé bang dit liéu dong chay lam dau
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quan trac va du bdo, cung cap géc nhin vé thoi
ky dong chay cao va thap lién quan dén han han
va |G lut.

2.2.3. Phdn tich énh hwdng cua ENSO dén han hdn

D& danh gid tdc déng cla ENSO dén han han
tai luu vwe Song Srepok, nghién ctru st dung chi
s6 Nifio Dai dwong (Oceanic Nifio Index - ONI),
duwoc tinh tr trung binh trwot 3 thang cta di
thuwdng nhiét dd bé mat bién (SST) tai khu vuc
Niflo 3.4 (toa do 5°N-5°S, 120°W-170°W), dua
trén dir liéu ca NOAA Climate Prediction Center
(NOAA CPC) [22], [23]. Pha ENSO duoc phan loai
thanh ba trang thai: El Nifio (ONI > +0,5°C), La
Nifia (ONI £ -0,5°C) va Trung tinh (-0,5°C < ONI
< +0,5°C), v&i diéu kién mbi pha kéo dai it nhat 5
giai doan trong 3 thang lién tiép.

Anh hudng clia ENSO dén han han duoc
danh gid théng qua hai chi sd: SPI (Standardized
Precipitation Index) va SSI (Standardized
Streamflow Index), dai dién lan luot cho han khi
tuwgng va han thay van [16]. Dau tién, nghién
ctru phan tich mirc chénh léch trung binh gilta
cac gia tri SPI va SSI trong nam La Nifia va El
Nifio, trng vd&i cac quy mod thoi gian khac nhau
va do tré tir 0 dén 12 thang clia ONI. Phan tich
nay nham xac dinh quy mé thoi gian phan anh
rd nhat tac dong cla ENSO ciling nhu thoi gian
tré gitra ENSO va cac chi s& han.

Tiép theo, biéu d6 hop dugc st dung dé md
td phan bd cac gia tri SPI va SSI trong tirng pha
ENSO [24], cho phép danh gid sy khac biét vé
cuwong dé han han. Biéu d6 cot x€p chdng duoc
ap dung dé thé hién ty 1& xuat hién céc cap han
tir rat kho dén rat &m trong mdi pha ENSO. Cudi
cung, nghién ctru danh gid tinh mua vu cta han
han bang cach phan tich ty 1& han xuat hién theo
thang, qua dé nhan dién thoi diém nhay cam
nhat trong ndm déi véi anh hudng cdia ENSO.




3. Két qua va thao luin

3.1. Chénh léch vé gid tri caa SSI va SPI giira
ndm La Nifa - El Nifio

Phan tich nay nhdm buwdc dau xac dinh thoi
gian tré gitta ENSO véi lwgng mua va dong chay
trén lwu vire nay cling nhu xdc dinh quy mo thoi
gian cta SSI va SPI ma né phan anh t8t nhat cac
anh hudng clia ENSO.

Hién twong El Nifio dwoc ghi nhan trong chudi
it nhat 5 thang lién ti€p co giad tri ONI > +0,5°C
trong khi La Nifia xuat hién khi ONI < -0,5°C.
Khoang thoi gian con lai duwoc goi la pha trung
tinh. V&i cac chi s6 han (rng vdi cac quy md thoi
gian khac nhau va ONI duoc 18y trwdc ching tir
0 dén 12 thang, két qua théng ké vé mirc chénh
|&ch trung binh cda SSI va SPI gitta nam La Nifia -
El Nifio duwoc thé hién trong Bang 2.

Bdng 2. Chénh léch trung binh vé gid tri cia SPI va SSI gitra nédm La Nina - El Nino

spi1 | spi2 | spi3 | spia | spis | spie | spi7 | spig | spio | spito | spi11
12 | 0,15|023]024|025]|030|037|048|059 | 069 092 | 081

11 022027031034 ]|042|052|063|072]|084] 1,08 095

10 | 024033038045 056|067]|076]087 097 1,20 | 1,10

9 030039050 |061]073]082]092]101]113] 132] 1,24

, 8 | 031|048 064076086096/ 105]116]125] 1,41 | 1,38
dsfc:ch;’;gt?u'\(‘;c 7 | 043064079090/ 101|110/ 120]128]136] 1,47 | 1,45
o 6 | 056075088100/ 1,11]122]129]135]141] 1,49 | 1,43

5 |061]079094] 105119126/ 132136140 1,44 | 1,81

4 |o66|084 096|110/ 121]126]130]132]134] 1,36 | 1,35

3 069090 102|112]120]124]125]125]125] 1,26 | 1,26

2 | 068|086 101|108 114]116]116]114]113] 1,13/ 1,14

1 |075]082]097] 103|106 1071041202101 1,01 1,00

0o |o64|078]084|088[09 089086084083/ 085 ] 084

ssi1 | ssi2 | ssi3 | ssia | ssis | ssi6 | ss17 | ssi8 | ssi9 | ssi10 | ssi11

12 045|054 |062]071]080]088]|098]105]112] 1,19 1,26

11 | 056 | 066|076 086|095 1,04 1,11]118] 124 1,31 | 1,38

10 | 068081091101 110]118]124]130]136] 1,42 | 1,47

9 |o84l097] 107|117 125131136/ 142147 1,50 | 1,40

, 8 097|110 122129136141 146151 154] 1,54 | 1,54
dsb‘;’;ch;’;gt?u'\gc 7 | 110124 133|139 145|150 154157157 1,56 | 1,50
<) 6 | 122|133 140|146/ 152155/ 157]158] 15 1,51 1,47

5 | 125|135 142|149 1,54 | 1,56 | 1,55 | 1,53 | 1,50 | 1,47 | 1,42

4 | 127136 144|150 1,52 ] 1,51 1,49 | 1,44 | 1,40 | 1,36 | 1,31

3 [ 1,29|1,38]1,44 | 1,46 1,46 | 1,43 ] 1,38 | 1,33 | 1,27 | 1,22 | 1,18

2 | 128)135] 138|138 135|129 123|118 112] 1,07 1,02

1 | 125126127124 118112106100/ 0095 09 | 086

0 | 111|111 108 1203|098]092]|086]|081|076] 072/ 0,69
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Theo Bang 2, gia tri cao nhat vé murc chénh
|&ch trung binh vé gid tri cda SPI &rng vdi cac quy
mo thoi gian tir 1 dén 11 thang cé gia tri tir 0,69
dén 1,49. Mrc chénh &ng véi SSI1 thap 1a do
thoi gian tich Iy mot thang con thé hién tinh
ngau nhién I&n cla lwvgng mua. So véi SPI, SSI cd
murc chénh léch ro rét hon véi cac gia tri twong
rng la 1,29 va 1,58. S6 liéu nay cho thay chi sé
dong chay chuan héa thé hién dd nhay cao hon
so vdi chi s8 lvgng mua chuin hda trudce tac
ddéng cta ENSO. Piéu nay tuwong déng véi nhan
dinh clia Telesca et al. (2012) [9] rang céc chi s6
thay van nhu SSI dwoc dédnh gia la chi sd co hiéu
qua cao trong danh gia han.

Mtrc chénh cao cla SSI va SPI trong Bang 2
cho thay gid trj cda SPI/SSI |a rat thap vao cac
ky El Nifio, hay han hén sé& cé thé thudng xuyén
xuat hién khi hién twong nay xuat hién. Tl bang
nay cling cho thay SSI8 va SPI10 phan anh tét
nhat cac anh hudng cla ENSO dén khu vuc nay
qua murc chénh léch cao nhét.

Bang 2 cho thdy mic chénh 1&n nhat ngoai
sw phu thudc vao thang thai gian cta chi s6 han
ma con phu thudc vao sd thang ma ONI duoc
|dy trude SPI/SSI, hay phu thudc vao d6 tré gitra
chung. Do duoc tinh v&i thoi gian tich [Ty 1 thang
nén SPI1 va SSI1 dé dang cho thay thoi gian tré

gitta ONI v&i lugng mua va dong chay. Theo Bang
2 va thi mirc chénh gia tri trung binh I&n nhat cla
ca hai chi s8 han nay giira ky La Nifia - El Nifio
xay ra rng vdi ONI duogc 14y trwdce 3 thang. Hay
sau khi ENSO hoat dong thi sau khoang 3 thang
né méi dnh hudng dén lugng mua va dong chay
khu vue nay. Khi thang thoi gian cha SSI va SPI
tang thi mdrc chénh trong Bang 2 dat gid tri cao
nhat khi ONI duoc 1ay tré hon. Diéu nay khong
phan anh thoi gian tré gitta ONI va cac chi s6
han c6 sy thay d6i lén ma 13 do két qua tinh cac
chi s6 han dwoc ghi vao cuéi giai doan. Vi du khi
tinh SSI7 cho thang 7 cia mét ndm nao dé thind
duogc tinh tr lvgng mua tir thang 1 dén thang
7 cGa ndm nay va duwoc ghi vao thang 7 ma |8 ra
né phai duoc ghi vao thoi diém giira 1a thang 4.
Hay né duoc ghi tré hon 3 thang. Theo Bang 2
thi mdrc chénh SSI8 1&n nhat gilra ky La Nifia va
El Nifio rng véi ONI duwoc 18y sém hon 6 thang.
Nhu vy thoi gian tré thuc té gitta ONI va SSI8
cling 1a 3 thdng nhu d6i vdi SSI. Goi ts la quy mé
thai gian cla chi s6 han va t |a thoi gian ma ONI
duorc 14y trwdce cac chi s6 han dé dat mirc chénh
I&n nhat thi thoi gian tré gitta ONI va cac chi s
han s& 13 t - (ts-1)/2, v&i cac don vi duogc 13y |a
thang va dugc lam tron. Bang 3 duwdi day 1a két
qua tinh thoi gian tré gitra chung.

Bdng 3. Thoi gian tré giira SPI, SSI véi ONI

SPI1 | SPI2 | SPI3 | SPI4

SPIS | SPI6 | SPI7 | SPI8 | SPI9 | SPI10 | SPI11

S6 thang ONI duoc 18y
trudce SPI

Thoi gian tré thyc té 3 3 2

S6 thang ONI duoc 1ay
trwdce SSI

Thoi gian tré thyc té 3 3 2

Theo bang 3 thi thai gian tré gitta ONI vdi
lwong mua va dong chdy khu vuc nay trong
khodng tlr 2 dén 3 thang. Néu xét riéng vdi
lwong mua thi thoi gian tré chi yéu 13 2 thang,
chiém 9/11 trudng hop. Twong tu néu xét vdi
dong chay thi thoi gian tré chl yé&u 13 3 thang
va cling chiém 10/11 trudng hop. Dong chay
6 thoi gian tré 1&n hon 1a do qua trinh chuyén
héa lwgng mua hinh thanh dong chay mat, dong
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chay tap trung ma nhat I dong day thi can cé
thém thoi gian [25]. Nhu vay vai luu viee nay,
tai cra ra dong chdy tré hon so véi lvong mua
trung binh khodng 1 thang.
3.2. Tdac déng cia ENSO dén han hdn

DE& phan tich mirc d6 xuat hién cta han héan
theo cac pha ENSO, phan tich nay lya chon SSI8
va SSI10 vi ching phan 4nh rd nhat cac tdc dong
cla ENSO dén han han luu vyc nay nhu d3 néu




trén. Do c6 thoi gian tré nén cac pha ENSO ciing
duoc 14y truwede SSI8 va SPI10 13 6 thang nhu trong
Bang 3. Cac pha ENSO dua vao phan tich gém El
Nifio (pha ndng), trung tinh va La Nifia (pha lanh).
3.2.1. Gid tri cua SPI va SSI theo cdc pha ENSO

Cac tic déng cha ENSO dén han han dugc
phan tich dwa trén viéc théng ké cac chi s6 han
rng v3i cdc nguwdng cao nhat, 25%, 50%, 75% va
100% va theo cac ENSO. C6 5 cap 4m duoc dua
vao phan tich 13 tir rat khé dén rat am nhu néu
trong Bang 1.

Hinh 2 trinh bay phan b6 théng ké cla chi
s6 lvgng mua chuan héa SPI10 (Hinh 2a) va chi
s6 dong chay chuan hoa SSI8 (Hinh 2b) theo ba
trang thai cda chu trinh ENSO, bao gébm pha lanh
(Cold - La Nifia), trung tinh (Neutral), va pha dm
(Warm - El Nifio). DIt liéu cho thay su khdc biét
c6 hé théng gilra cdc pha ENSO déi vdi ca hai
bién khi twong thiy van, cho phép nhan dinh rd
rang vé vai tro chi phdi cia ENSO dén diéu kién
am va han trong khu viec nghién ciru.

Cu thé, trong pha La Nifia, ca SPI10 va SSI8
déu cd gid tri trung binh va trung vi dwong, phan
anh diéu kién 4m wdt va dong chay tich Ity theo
thoi gian. Nguoc lai, pha El Nifio cho thay su suy
gidm rd rét, vadi gid tri trung tdm dm & ca hai
chi s6, déng thoi xuat hién céc gié tri cwc doan
thap dudi -2, dac trung cho han khi tugng va
han thay van nghiém trong. Pha Neutral c6 dac
diém én dinh nhat, vdi phan bé gan quanh 0 va

a) Chi s6 SPI10

M Cold @ Neutral M Warm

bién d6 dao dong nho hon, thé hién trang thai
trung tinh khdng gy ra bién déng cuc doan.

Trung vi chi s6 SPI10 trong pha El Nifio dat
khoang -0,8, thap hon dang ké so vdi pha trung
tinh 1a 0,1 va La Nifia la 0,3, twong &ng chénh
léch khoang 0,9 va 1,1 don vi. Diéu nay cho thay
pha El Niflo cé xu hudng lam gia tang mic d6
kho han so v&i cac pha con lai. Xét theo ngudong
han khi twong va&i SPI10 < -1, ¢ dén khoang
50% gia tri trong pha El Nifio roi vao vung han,
trong khi ty 1& nay & pha trung tinh va La Nifia
[an luot chi khodng 15-20%. Xu huéng twong tu
cling dwoc quan sat & chi s6 SSI8, mac du mirc
chénh |éch gilta cdc pha ENSO cé phan thap
hon. Nhitng két qua nay khang dinh dnh huéng
gilra pha ENSO va mirc d6 han, dac biét la trong
cac nam El Nifio.

Xu hwédng gidam dan cha ca SPI10 va SSI8 tir
pha La Nifia > Neutral - El Nifio phan anh tac
dodng cta ENSO dén céc yéu t6 4m - han. Két
qua nay hoan toan phu hgp véi cac nghién ciru
trudc [5], [6] khang dinh El Nifio lam giam mua
va dong chay, trong khi La Nifia cé xu huwdng tang
cuwdng d6 4m va luu lwong. Nhirng quan sat nay
nhan manh vai trd chi phdi clia ENSO trong viéc
hinh thanh va gia tang rdi ro han han khi tuwong -
thdy van, déng th&i danh gid cac hién tuong cla
pha ENSO nhu mét cong cu du bdao sdm trong
quan ly tai nguyén nudc va thich ing khi hau tai
lru vire Song Srepok.

b) Chi s6 SSI8

M Cold O Neutral Bl Warm

Hinh 2. Gid tri cdc chi sé han theo pha ENSO
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3.2.2. Ty Ié xudt hién cdc cdp han trong cdc pha
ENSO

Két qua xac dinh mc d6 xuat hién cac cap
han tir rat khé dén rat am theo cidc pha ENSO
dua trén so lidu tat ca cdc thang tir nam 1982
dén 2023 duogc thé hién trén Hinh 3. Trong
phan tich nay cling cé 5 cdp am duoc st dung
|a tir rat khé dén rat &m nhu néu trong Bang 1.
Téng s quan sat tuong rng vdi tirng pha ENSO
cu thé gdbm: 149 gid tri trong pha La Nifia (Cold),
216 gia tri trong pha trung tinh (Neutral) va 127
gia tri trong pha El Nifio (Warm).

K&t qua cho thay dnh hudng rd rét va khac
biét gitta cdc pha ENSO dén cuwdng dd han.
Trong pha Warm, ty |& cic cdp han nghiém
trong & murc rat khd va kho la chiém wu thé,
dac biét vuwot 50% tong sé quan sat & ca hai
chi s8, trong khi cdc mirc 4m va rat 4m co ti
|& kha thap. Diéu nay phan anh tdc déng cé
hé théng cta El Nifio dén lvgng mua va dong

a) Mitc d6 xuat hién cic cap han cia SPI10
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chay, phu hop vdi nghién clru trudc d6 nhu Liu
et al. (2020) [26], cho th3y El Nifio lam suy giam
lwu lvgng dong chay & khu viee Bong Nam A do
sy suy yéu doi luu va dai hdi tu nhiét doi. Trai
lai, trong pha Cold, cdc m&rc 4m uwét chiém ty
|é cao hon, dac biét & SSI8, cho thay tac déng
manh hon dén hé théng thay van.

So v&i pha ndng thi trong pha lanh mic
chénh léch vé tan suit xuat hién gilra cac cap
han 1a nho hon. Nguoc lai v&i pha lanh va
pha néng, trong pha trung tinh khéng cé sv
khdc biét dang ké vé tan suat hién cha cac cap
han. K&t qua nay phan anh nhitng khéac biét
vé lwvgng mua giltra cdc pha ENSO ma nhat 13
trén vung nhiét d&i [27], va cho thiy nguy co
han nghiém trong hon dudi anh hwdng cac su
kién El Niflo cwong d6 manh va kéo dai [28].
Phan tich nay cung cdp co s& khoa hoc cho
dy bdo va quan ly rdi ro khi hau tai lvu vyc
Séng Srepok.

b) Mitc d6 xuét hién céc cap han cia SSI8

100
90
80
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(%)
3
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Hinh 3. Mrc @6 xuét hién cdc cdp han theo pha ENSO

3.2.3. Ty 1é vé thoi gian han theo cdc pha ENSO

Phan tich theo tirng thang nham xac dinh
khodng thoi gian trong ndm ma han thuwong
xuat hién khi ENSO hoat d6ng. Do xét theo tirng
thang nén phan tich nay khéng thuc hién chi tiét
theo 5 cap han vi lam sé liéu s& bj chia qua nhd,
thay vao d6 chi xét ty 1& vé thai gian ma han han
xuat hién. Ty 1é han duogc xac dinh bang cach lay
s6 lan xay ra han (SPI < -1) trong tirng thang tng
véi mdi pha ENSO, chia cho téng s& quan sat cla
thdng dé trong cung pha ENSO.

K&t qua tir Hinh 4 chi ra rang cac sy kién El
Nifio (pha Warm) cé anh hudng rd rét trong viéc

=26 || TAP CHi KHOA HOC BIEN POI KHi HAU

gia tang nguy co han hén, vdi ty |& xuat hién han
vuot nguwdng -1 tang manh va duy tri kéo dai tir
cudi mua mua ndm trudc thang 11 dén hét mua
khé thang 4-5 cla ndm sau. Dic biét, cic thiang
3 dén 5, thoi ky dugc xem |a dinh diém cuia diéu
kién khé han trong khu vuc, ghi nhan ty 1é han
cao nhat, vuot ngudng 50% & ¢a hai chi s6, phan
anh mirc d6 khdc liét cha khé han dudi tic dong
cla El Nifio.

K&t qua nay cho thay khi El Nifio hoat déng
da lam suy gidm lwgng mua va dan dén lam suy
giam dong chay tir thang 11 dén thang 5 1a cac
thang mua khd va dau mua mua. Lwong mua
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mua khd khu vue nay chi chiém khodng 22%
lwgng mua nam. Lwong muwa cla thang 5 la
chua dang ké, day cling thang cé nhiét d6 bé
mat cao, dd 4m dat rat thap nén lugng muwa cdy
nghia vdi cy tréng con & murc thap. Sy suy giam
lvong mua trong cac thang nay sé lam cho tinh
trang han han thém tram trong, ma nhat I3 vao

a) Ty 1é han gitra cac pha ENSO va SPI10
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cubi mua khé ddu mua mua.

Mrc d6 han tdng vao céc thang cudi mua
mua khi La Nifia it anh huéng vi lwgng mua cla
3 thadng cudi mua mua trén khu vuce nay 1a cao
nhat, chiém 78% lugng muwa ndm. N6 chi dnh
huwédng khi tiép theo ky La Nifia la mét ky El Nifio
ma nd hoat dong sém.

b) Ty 1é han gitta cac pha ENSO va SSI8
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Hinh 4. Ty Ié xudt hién cla han hdn theo cdc thdng gitta pha ENSO va cdc chi s6 han

3.3. Thdo ludn

Két quad nghién ciru xac dinh SPI10 va SSI8
1 cdc quy md thdi gian phan anh tét nhat anh
hwéng clia ENSO dén tinh trang han han tai luu
vire Séng Srepok. Diéu nay phan énh rd co ché
lan truyén tir han khi twong sang han thdy van
do tac dong clia hién tuwgng ENSO, déc biét vao
mua khd két hop vdi hién tugng El Nifio 1am
cho han tram trong hon. Cu thé, han khi twong
(SP110) thé hién thi€u hut mua kéo dai trong
chu ky trung han, day |a qud trinh gidn tiép tac
dong dén han thdy van (SSI8). Tac dong cla
ENSO dén han han cé do tré 2-3 thang, day la
co s& dé xay dung cdc md hinh du bdo sém han
khi twgng va han thay van. K&t qua nay phu hop
v@i cac nghién cru cdia McKee et al. (1993) [21]
va Telesca et al. (2012) [9], khi céc chi s& han
& quy mé =9 thang dugc cho 1a tdi wu dé md
td dnh hudng cta cac dao déng khi hdu & cac
lwu vire séng. So vdi nghién clru cha Tran et al.
(2020) [3] tai lwu virc Mé Kong noi ma ENSO tac
ddng manh nhat dén quy mo thdi gian han SPI6,
trong nghién clru nay, viéc danh gia tdc déng
cla ENSO dén céc chi s6 han SPI10 va SSI8 tai
lwu vire Séng Srepok cho thdy anh hudng rd rét
trong phan tich han tir tdc déng cla ENSO.

Dang chu y, anh huwdng cia ENSO déc biét
la pha El Nifio - khéng chi lam gia tang tan suat

han ma con gia tdng cuwong do cta cac dot han
nghiém trong. Ty |& xuat hién han cyc doan
trong cac nam El Nifio vuot ngudng 50%, dong
thi thoi diém xudt hién han thudng roi vao cudi
mua mua va kéo dai dén cudi mua khé. Khi pha
Warm trung véi mua khd, hién tugng thiéu hut
lwgng mua va dong chay tréd nén nghiém trong
hon - phu hgp véi cac nghién ctru chia Trenberth
et al. (1998) [5] va Zhang et al. (2014) [29].
Nguoc lai, La Nifia c6 xu hwdng gidm thiéu rdi ro
han, dac biét trong cao diém mua mua (thang
7-9), do anh huéng tir cidc qud trinh ddi lvu va
gia tdng 4m khu vy [6]. Diéu nay giy hau qua
nang né hon so v&i han khi twgng don thuan
xuat hién trong mua mua, bdi han kéo dai xuyén
sudt mua khé lam can kiét trir lwvgng nudc bé
mat va ngadm yéu td séng con déi vdi sdn xuat va
sinh k& khu virc.

Khac véi cac lvu viee I&n nhu song Mekong,
noi ¢ sy diéu tiét ndi sinh (dung tich hé chra
ty nhién, dong chdy co s&) lam suy gidm anh
hwéng cia ENSO ddi véi dong chay [30], [31],
lru vire S6ng Srepok véi dac trwng dia hinh cao
nguyén, kha nang tich trir nwdc thap va mirc d6
phu thuéc cao vao lvgng mua, cho thdy phan
ng ro rang va nhanh chéng hon véi cac hién
tuwgng ENSO. Cau truc nay khién dong chdy mua
kho tr& nén kho han hon véi cudi mua mua,
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mot hién twong phd bién trong cac nam El Nifio
trung binh d&€n manh. Trong nghién ctru cta [16]
danh gid anh hudng cia ENSO dén han han tai
lwu vire séng Mekong (MRB) bang ba chi s6: SPI
(han khi tuong), SSWI (han nong nghiép) va SR
(han thay van). K&t qua cho thay han khi tuong
xay ra phd bién va cé cudng d6 cao hon, trong
khi han thay van cé tan suat I&n hon. ENSO téc
ddong manh dén han tai khu viec nam MRB, vdi
El Nifio dinh diém vao mua mua cé thé dan dén
han vao mua khd, nghién clru nay chi ra rang
anh huwdng kéo dai cia ENSO dén ca han khi
tuwong va sau doé la han thay van. Két qua nay
cling ¢6 quan diém rang trong diéu kién khi hau
nhiét d&i gi6 mua ma dac biét trong mua kho,
dong chay khoéng chi bj anh huéng tic thoi bdi
lwgng muwa, ma con chiu tac dong tich Ity cla
chudi kho han trudc dé, dac biét khi do tham,
do trir va dong chay co sé& thap. Tir d6, nghién
clru dé xuat viéc tich hop chi s6 ONI dai dién cho
hién tugng ENSO vdi cac chi s6 han nhu SPI va
SSI vao hé théng giam sat han, nham nang cao
hiéu qua dy bao va hd tro cong tac quan ly tai
nguyén nudc cling nhu xay dwng ké hoach rng
phé sém tai cac khu vire dé bj t6n thuwong nhu
lwu ve S6ng Srepok.
4. K&t luan

Nghién ctru d3 lam rd anh huwdng cha ENSO
dén han han trén lvu vuc Séng Srepok théng

qua viéc phan tich ba chi s ONI, SPI va SSI tir
nam 1982 dén nam 2023 véi cdc quy md thoi
gian tir 1 dén 11 thang. K&t qua cho thay SPI
& quy mo 10 thang (SP110) va SSI & quy mo 8
thang (SSI8) 1a hai chi s6 phan anh tét nhat vadi
ENSO. Piéu nay cho thay dac diém tich Iy va
do6 tré cla hé théng khi twong - thay van tai
khu viec cao nguyén. Cu thé, han khi twong cé
d6 tré khoang 2 thang, trong khi han thly vin
c6 d6 tré khodng 3 thang so v&i pha ENSO. Viéc
xac dinh sy phan bd theo pha ENSO, dic biét
I3 pha El Nifio, cho thdy mic d6 anh hudng
nghiém trong cla hién tugng nay dén tinh
trang han han trong khu vyec. Ty 1é xuat hién
cla cac cap han theo pha ENSO ciing duoc lam
rd, trong d6 han & cap rat han chiém hon 50%
trong cac giai doan El Nifo, mot minh ching
ré rang cho murc do tdc ddng manh chia ENSO.
Ngoai ra, nghién ctru cling lam sang té su khac
biét trong tdc déng cta ENSO theo mua. Trong
d6, mua khoé chiu dnh hudng kép: vira tr dac
diém khi hau nhiét déi gié mua, vira tir tac
doéng tang cuwdng cla El Nifio, khién mdc do
han han trong mua kho tr& nén nghiém trong
hon. Mdc du nghién ctu d3 phan tich rd anh
hudng ctia ENSO dén han hén, song chwa phan
tich chuyén sau vé mdi quan hé cla ENSO va
han han, nhém tac gia kién nghi cic dé tai tiép
theo can [am rd van dé nay.

Ddng gop clia tirng tdc gid trong bai bdo: X4y duwng y tudng nghién ctru: Nguyén Vin Lam, Luong Vdn
Viét, Chéu Nguyén Xudn Quang. T6ng hop va xi ly sé liéu: Nguyén Vién Lém, Luong Vin Viét, Lé Thi Thu Ha.
Viét ban thdo: Nguyén Vin Ldm, Lwong Vidn Viét, Chdu Nguyén Xudn Quang.

L&i cdm on: Nghién ctru duwoc tai tro bdi Pai hoc Quéc gia Thanh phd HS Chi Minh (PHQG-HCM) trong

khuén khé Dé tai mé sé A2024-24-01.

Léi cam doan: Tap thé tdc gid cam doan bai bdo nay ld céng trinh nghién ctru cda minh, chuwa tirng céng
bé trurdc d6, khéng sao chép, dao vin; khéng cé sw tranh chép loi ich trong nhém tdc gid.

Tai liéu tham khao

[1] E.Patrick, Sequia: Vulnerabilidad y crisis en tierras dridas. Estrategia Internacional para la Reduccién

de Desastres, 2003.

[2] M. lonita, P. Scholz and S. Chelcea, “Assessment of droughts in Romania using the Standardized
Precipitation Index,” Natural Hazards, vol. 81, no. 3, pp. 1483-1498, 2016. https://doi.org/10.1007/

$11069-015-2141-8.

[3] T.N.Binh, “Assessments of CMIP3 Climate Models and Projected Climate Changes of Precipitation
and Temperature for Vietnam and the Southeast Asia,” VNU Journal of Science: Earth and
Environmental Sciences, vol. 36, no. 3, pp. 37-45, 2020.

TAP CHi KHOA HOC BIEN DOI KHi HAU
S6 37 - Thang 3/2026

28




[4] M. J. McPhaden et al., “Large-scale dynamics and MJO forcing of ENSO variability,” Geophysical
Research Letters, vol. 33, no. 16, 2006..

[5] K. E. Trenberth and T. J. Hoar, “El Nifio and climate change,” Geophysical Research Letters, vol. 24,
no. 23, pp. 3057-3060, 1997.

[6] C.F. Ropelewskiva M. S. Halpert, “Precipitation patterns associated with the high index phase of
the Southern Oscillation,” Journal of Climate, vol. 2, no. 3, pp. 268—284, 1989.

[7] C. Wang, C. Deser, J.-Y. Yu, P. DiNezio va A. Clement, “El Nifio and Southern Oscillation (ENSO): A
review,” in Coral Reefs of the Eastern Tropical Pacific: Persistence and Loss in a Dynamic Environment.
Dordrecht: Springer, pp. 85-106, 2017. https://doi.org/10.1007/978-94-017-7499-4_4.

[8] S.E. Nicholson, “The predictability of rainfall over the Greater Horn of Africa. Part I: Prediction of
seasonal rainfall,” Journal of Hydrometeorology, vol. 15, no. 3, pp. 1011-1027, 2014.

[9] L. Telesca et al., “Investigation of scaling properties in monthly streamflow and Standardized
Streamflow Index (SSI) time series in the Ebro basin (Spain),” Physica A: Statistical Mechanics and
its Applications, vol. 391, no. 4, pp. 1662-1678, 2012.

[10] M. P. King et al., “Impact of strong and extreme El Nifios on European hydroclimate,” Tellus A:
Dynamic Meteorology and Oceanography, vol. 72, no. 1, pp. 1-10, 2020.

[11] J. Delgado et al., “A climate-flood link for the lower Mekong River,” Hydrology and Earth System
Sciences, vol. 16, no. 5, pp. 1533-1541, 2012.

[12] T. A. Rdsdnen and M. Kummu, “Spatiotemporal influences of ENSO on precipitation and flood pulse
in the Mekong River Basin,” Journal of Hydrology, vol. 476, pp. 154-168, 2013.

[13] N. D. Ngi* va V. V. Thdng, “Tac dong cla El Nifio d€n han han déng bang sdng Clru Long trong bdi
canh néng |én toan cau,” Tap chi Khoa hoc Bién déi khi hdu, s 29, trang 1-8, 2024. https://doi.
org/10.55659/2525-2496/29.94650.

[14] L. A. Ngo et al., “Impact of reservoir operation and climate change on the hydrological regime of
the Sesan and Srepok Rivers in the Lower Mekong Basin,” Climatic Change, vol. 149, pp. 107-119,
2018.

[15] S. K. Gunawardana et al., “Multiple drivers of hydrological alteration in the transboundary Srepok
River Basin of the Lower Mekong Region,” Journal of Environmental Management, vol. 278, p.
111524, 2021.

[16] M.-H. Li et al., “Multiple drought indices and their teleconnections with ENSO in various
spatiotemporal scales over the Mekong River Basin,” Science of the Total Environment, vol. 854, p.
158589, 2023..

[17] S. K. Lee and T. A. Truong, “Evaluating drought events under influence of EI-Nino phenomenon: A
case study of Mekong delta area, Vietnam,” Journal of Agrometeorology, vol. 20, no. 4, pp. 275-
279, 2018..

[18] N. T. Tho, Solutions to Increase Effective Use and Sustainable Development of Water Resources.
Hanoi: Vietnam Water Partnership va General Directorate of Water Resources, 2019..

[19] General Statistics Office, Statistical Yearbook of Vietnam 2019. Hanoi: Statistical Publishing House,
2019.

[20] Mekong River Commission, Transboundary Water Resources Management Issues in the Sesan and
Srepok River Basins. Vientiane, Lao PDR, 2017, 44 p.

[21] T. B. McKee, N. J. Doesken va J. Kleist, “The relationship of drought frequency and duration to time
scales,” in Proceedings of the 8th Conference on Applied Climatology, Boston, USA, pp. 179-186,
1993.

[22] C. Ihara et al., “Indian summer monsoon rainfall and its link with ENSO and Indian Ocean climate
indices,” International Journal of Climatology, vol. 27, no. 2, pp. 179-187, 2007..

[23] G. Sripathi et al., “Dynamic relationship between Indian summer monsoon rainfall and South Asian
high in seasonal coupled models,” Climate Dynamics, vol. 62, no. 3, pp. 1925-1944, 2024.

TAP CHi KHOA HOC BIEN P81 KHi HAU || =9
S6 37 - Thang 3/2026 ||




[24] M. Henchiri et al., “Meteorological drought analysis and return periods over North and West Africa
and linkage with El Nifio-Southern Oscillation,” Remote Sensing, vol. 13, no. 23, p. 4730, 2021.
[25] L. Gaal et al., “Flood timescales: Understanding the interplay of climate and catchment processes

through comparative hydrology,” Water Resources Research, vol. 48, no. 4, 2012.

[26] J. Liu et al., “Contrasting carbon cycle responses of the tropical continents to the 2015-2016 El
Nifio,” Science, vol. 358, no. 6360, p. eaam5690, 2017.

[27] K. Ashok et al., “The Indian summer monsoon rainfall and ENSO,” Mausam, vol. 70, no. 3, pp. 443-
452, 2019.

[28] W. Cai et al., “Increasing frequency of extreme El Nifio events due to greenhouse warming,” Nature
Climate Change, vol. 4, no. 2, pp. 111-116, 2014.

[29] T.Zhang et al., “What is responsible for the strong observed asymmetry in teleconnections between
El Nifio and La Nifia?” Geophysical Research Letters, vol. 41, no. 3, pp. 1019-1025, 2014. https://
doi.org/10.1002/2013GL058964

[30] A. S. Kiem et al., “Relationship between ENSO and snow covered area in the Mekong and Yellow
River basins,” IAHS Publication, vol. 296, pp. 255-264, 2005.

[31] L. V. Viet, “Effects of ENSO and climate change on reference evapotranspiration in Southern
Vietnam,” Journal of Meteorological Research, vol. 35, no. 5, pp. 868-881, 2021.

THE IMPACT OF ENSO ON DROUGHT IN THE SREPOK RIVER BASIN

Nguyen Van Lam¥@, Luong Van Viet®, Chau Nguyen Xuan Quang™, Le Thi Thu Ha®-*
@institute of Environment and Resources - Vietnam National University Ho Chi Minh City
@\Vietnam National University of Forestry - Dong Nai Campus
®Industrial University of Ho Chi Minh City
@institute of Advanced Technology (Vietnam Academy of Science and Technology)

Received: 6/7/2025; Accepted: 25/7/2025

Abstract: This study aims to evaluate drought temporalities and the lag effects between the El Nifio-
Southern Oscillation (ENSO) and drought occurrence in the Srepok River Basin, thereby supporting more
effective local water resource forecasting and management. The dataset comprises the Oceanic Nifio
index (ONI), the Standardized Precipitation Index (SPI), and the Standardized Streamflow Index (5SI) for the
period 1982-2023. The methodological framework encompasses calculating SPI and SSI drought indices and
analyzing the influence of ENSO on drought. Results indicate that the 10-month SPI (SPI-10) and the 8-month
SS1 (SSI-8) are the timescales most sensitive to ENSO forcing, with mean index discrepancies of 1.49 and 1.58
between La Nifia and El Nifio years, respectively. ENSO impacts exhibit an average lag of two months for
precipitation and three months for streamflow. El Nifio phases are often associated with severe droughts
that begin at the end of the rainy season and extend into the dry season, with the proportion of extremely
dry conditions exceeding 50%. These findings underscore the ENSO-drought teleconnection and provide a
basis for early warning and effective drought management in the context of climate change in the Srepok
River Basin.

Keywords: El Nifio, drought, Standardized Precipitation Index (SPI), Standardized Streamflow Index (5Sl),
Oceanic Nifio index (ONI).
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