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Abstract

Background and Objectives : Water security is recognized as one of the critical challenges of the twenty-first century,
particularly in mountainous agricultural areas that primarily rely on rainfall. This issue has become increasingly
complex under climate variability and climate change, which directly affect rainfallamount, frequency, and seasonal
distribution, thereby influencing both hydrological systems and agricultural livelihoods. The ElI Nino—Southern
Oscillation (ENSO) exerts a strong influence on Southeast Asia; generally, El Nifio is associated with drought
conditions, while La Nifa tends to increase flood risk. However, these relationships vary depending on local
topographic characteristics and rain-shadow effects. In recent decades, Thailand has experienced more frequent
extreme rainfall events (“rain bombs”), which are short-duration but high-intensity storms causing flash floods,
landslides, soil erosion, and agricultural losses. The Mae Chaem watershed in Chiang Mai Province represents a
case study that reflects such vulnerability. Its steep terrain and the prevalence of monocropping practices, such as
maize cultivation, have weakened ecosystem resilience, while dependence on rainfall and small-scale water
storage systems cannot adequately meet water demand during the dry season. At the same time, in years with
abundant rainfall, excess water cannot be effectively captured and utilized. Consequently, communities in Mae
Chaem face both drought and flooding within short timeframes. Therefore, this study aims to investigate: (1) the
relationship between ENSO and rainfall in the Mae Chaem watershed, Chiang Mai Province; (2) the intensity and
frequency of extreme rainfall events using the Gumbel distribution; and (3) the impacts on water balance and the
water security of highland communities.

Methodology : This research employed 60 years of historical rainfall data (1964-2024) from the Mae Chaem
meteorological station and nearby areas, together with the Oceanic Nifio Index (ONI) to classify years according to
ENSO conditions, as well as agricultural community water use data from the Mae Chaem watershed. The analytical
framework comprised: (1) analyzing the ENSO-rainfall relationship using statistical comparisons of average rainfall
under El Nifio, La Nifa, and Neutral phases; (2) analyzing extreme rainfall events using the Gumbel distribution
model to estimate the return period of maximum daily rainfall; and (3) assessing water balance (Supply-Demand
Balance) through the empirical formula of Prakob (1996) to calculate water yield, and applying the CWR-RID
program to estimate crop water demand, which was then compared with household and agricultural water use to
reflect the status of water security in each year.

Main Results : The findings revealed that El Nifio significantly reduced rainfall in the Mae Chaem watershed and
was associated with 13 drought events over the past six decades, with annual rainfall dropping as low as 379.5

mm in some years. By contrast, La Nifia showed no consistent correlation with increased rainfall, exceptin 2022
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when rainfall was unusually high. Interestingly, during 2023-2024, despite strong El Nifio conditions, rainfall
remained above average, indicating instability in the ENSO-rainfall relationship in recent years. Regarding extreme
rainfall, the maximum daily rainfall of 165 mm corresponds to an estimated return period of approximately 10 years,
reflecting extraordinary severity with the potential to trigger flash floods, landslides, and widespread agricultural
damage. In terms of water yield capacity, communities with large forest catchments such as Ban Mae Mu and Ban
Sop Mae Ruam had sufficient water resources to meet demand throughout the year, whereas smaller catchments
such as Ban Pa Kluai, Ban Thung Kae, and Ban Om Lan had extremely low yields, particularly in dry years with less
than 0.5 million m*® annually. Seasonal imbalance was also observed, with water scarcity persisting during the dry
season (November-April) and dry spells occurring in June, coinciding with the early growing season and posing
risks to crop establishment. Water balance analysis further indicated that several communities, including Ban Mae
Wak, Ban Mae Ming, Ban Pa Kluai, and Ban Mae Lu, faced deficits during the dry season, highlighting their
dependence on additional storage or improved retention systems. Only Ban Mae Mu showed a positive water
balance year-round. Although water was generally sufficient during the rainy season, mid-season dry spells and
extreme rainfall events still posed significant threats. Collectively, the results demonstrate that Mae Chaem
communities are increasingly exposed to the dual challenges of drought and excessive rainfall, both of which
undermine water security and agricultural systems under a changing and uncertain climate.

Conclusions : This study confirms that ENSO and extreme rainfall events are key drivers of water insecurity in the
Mae Chaem watershed. El Nifio exacerbates drought risk, while rain bombs generate sudden floods and
widespread agricultural damage. These findings highlight the dual challenges faced by highland communities:
water scarcity in the dry season and water excess in the wet season. Policy recommendations include: (1)
developing small-scale storage infrastructure such as check dams, reservoirs, and farm ponds to mitigate both
drought and flood risks; (2) establishing integrated early warning systems that combine ENSO monitoring with
extreme rainfall forecasts to strengthen preparedness; (3) promoting transitions toward water-efficient and climate-
resilient crops to reduce vulnerability to rainfall variability; and (4) developing Decision Support Systems (DSS) to
integrate climate, hydrological, and agricultural data for improved planning and adaptive management at both
community and policy levels. Overall, the Mae Chaem case study provides not only localized insights but also
broader implications for sustainable water management in highland agricultural systems across Southeast Asia
under conditions of increasing climate uncertainty.

Keywords : ENSO; extreme rainfall; water security; Mae Chaem watershed; climate variability
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Figure 1 Mae Chaem watershed and communities supported by the Highland Research and Development

Institute (HRDI) in adjusting agricultural production systems to align with available water resources
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Tasnsugalszniu nsensaneasuazaunsal lunisaneilFuinudvinlu 25 guuindnaesdszindlng (Royal
Irrigation Department, 2009) #NN1TAINA1IIAETBUANNANNUS NI NUATLUEY TN udnelu wazAdudsedns

AN RUTIBIgNYN AT

Q,, = 0.2431ARr (1)
Wa  Q, = Bwinudwin (Fugnunafiung)
A = WP (Aneilalumg)
R = 3unoudiely (Wme)

ANAINANANUEG (r=0.9132)

ﬁ
Il

a

k2 % dd!/ a ca a dl = 1 gol 1 = dl v o
aummwmuuwugmmnmmmexmmm ﬂ‘VlLLG“E]ULV]EIU‘II@H@EJMLL@?J‘LMV]WIWEWW] LNBRATINAI

o o

wuunaunsnesunanisaaauestesgruinseduliateilitd Aty Taan r=0.9132 uansdeszAuANANTUEg

o

sendnedFunnsiuiulEin i lugasiusuas
3.2) NITATUIAINNABINIT MW (Water Demand) annAa uaedn17dun lun1An1IsnERs Ao

JU3un38 CWR-RID A munTulng Royal Irrigation Department (2013) @AW 31N IANNABINNTUN 1R 9N

'
a a

s gnantgnluiui anduinnisiiessiiFauinanlugas ENSO e o uazTullnifindugnds iiedsuifiuaas

a

AENATUNNITALARLILN ﬂ"'JN‘VTQN@ﬂﬁ‘:ﬂ/]‘l_l[F]'ﬂBJ'Z\]NaMVI’NﬂW?Lﬂ‘]ﬂﬁl?LL@:ﬁﬂQ’]METQﬁM?I@Q‘EN‘Hu

3.3) MsaezansauiLaznslsziiuAn @ Waldrn Supply waz Demand Tuwsazluazusias

o

0 Wethnsziiin aunaUn (Water Balance) A3
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Balance = Supply — Demand (2)
Y ! = H D B Y ai Y o -
#%1N Balance 1#a8N91 0 MNNEDNNI1T910LAALLN (Deficit) BNLNTONAMNIANATIUAITNN AU

WATUMNN Balance N1NNFFRWINAL 0 M8 DeRUN e NNaYTa1n d914R (Surplus)

Results

ANNANNUTIZYIN ENSO uazi/zunouiieli

annasaaszideyatiunnluazanmedluguiiuiuannaenseazionn 60 U (w.A. 2507-2567) Taald

a

inusinnazeluuderesAutignnanealszniu namtianauun nuue lndsunuluazansetidenndi 9235

' v
a 3

fadiums wudidauu 13 T Aguuiuduantszauniaziundssaniuniafingsngnasal Bl Nifio Tull w.a. 2512,

q

2515, 2519, 2530, 2534, 2535, 2537, 2540, 2541, 2547, 2558, 2559 uax 2562 Gaiinlédn El Nifio 1utlsingnisad

o '

S o o o = v e A = . a4 A v = 9,
NRANNANNUSIUNTIAANIEHULAIRENT ALY Walna El Nifo Tananiunasnainazdseauniozeluuaanuun v

|
=

dingeau Teannzluiln.d. 2537 fanmduazaniios 379.5 Hadwns Tedadneiigelusey 60 1 uazifiniy
Al El Nifio Ml A dail ONI gestariiasdasdanad Tuil w.a. 2541 siarilesann EI Nifo fiquuseluil 2540 nudn
YunnulusedeglussAuangmiies 475.5 Haduwns azfaufanansenuuuLsiaiinsan Bl Nifo ﬁﬁﬂﬁ’q@ﬂug’um
wazeluiegastnun igwReaiy O w.e. 2559 Tiiie EI Nifo anaunusiaannil 2558 A9HalAAATNG M LLAITUL

(Figure 2)

- El Nifio (ONI > +0.5) Il Much above normal rainfall Below normal rainfall

3 - La Nifia (ONI < -0.5) [ Above normal rainfall I Extreme drought
Near normal rainfall
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Figure 2 Annual rainfall amount associated with El Nifio and La Nifia events
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Figure 3 Rain bomb conditions and their response to ENSO (El Nifio—Southern Oscillation) events

a1 Figure 3 Wlufihdunmdn ludasszasinan 3 Tuds szwing w.e. 2565-2567 zﬁmﬁmmwmmmﬁﬂwm:
nMsnevauedselsIngnisal ENSO fumnsindldanuunuaulueia taalull w.a. 2565 %uﬂuﬁﬁﬁmﬂimgmid
La Nifia asihereiifesuazquusenaaniial HufiguninuiuanldfuSunmduazangaiia 1,438.6 Taamns degandn
mmm’r;]umnuﬁfﬂ?;ﬁmum‘lﬁmﬂquﬂrﬂqvmﬁvm’rmﬂiwnu (WANNIvFaWIL 1,216 Hadwung) atnedaiaw adnelsfinin
Tui) w.ai. 2566 waz 2567 Gaidudasiaaniilsngnisal Bl Nifo \Antuseiiies Tnaianizlull 2567 Adnsail ONI
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1,476.6 {aawns AdnRatnAdenaazieuliiiiuniennllia Dussesanudniugszndnedsngnisal ENSO fiu

Pnomulusziuguin deyadumetlul 2567 GegarndninialiReulaes Bl Nifo Juuss tednsadtuwandanau
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TasanizaneuzaaddunanminludaanaduasnuasUnaWYzaN3andn Rain bomb duludnuaiziiluuasann

o &

ANt auaeILTIaNNA (Atmospheric instability) PR AT unNe Nz lanFau wiltutiafiazlddunug

° o

Tnemsariusngnisal ENSO wianunsndenalizensaniunauluaeinnanetaiibd Ay

wgn170fklugaTa (Rain bomb events)

1
al

nsaassianRvesliunMelugagaediainantl 07152 ennauduan Saudaaelug folugnniivand
Fx ”mﬂwifaLﬁ@\‘mmmwﬂmw&zzﬁw?un’mﬁﬁmmﬁmaﬁ I8 dnsuanuaspnaniaziluuiy Gumbel Tawinzasse
NM9IALYRINUGIGA (Maximum rainfall) Lﬁ@ﬁﬁu%mﬁ’]ﬁ‘@uﬂﬂﬁﬂﬁm%’] (Return Period) 284/3310us WU sLpin
TnednedslumatBanmiduiidaunalufuiisnneusune O w.a. 2567
N1SATIAABLIAYININANZANTBILLLANABY Gumbel fauntslszndudnszaz At Tdiinimagaupa
winnzanvasdayadugegnmefudaunss 60 § wudn deyadninszanasiafilaiduilnfiesefdad sty (Shapiro-
Wilk: W=0.873, p = 0.004) ?ﬁmammﬁmﬁumuuﬁgmm@whgj@qm%ﬂ (Extreme Value) N19nadal Kolmogorov—
Smirnov 3¥1319983AR3ALLLLANA2Y Gumbel wuan ldumnsneiuedailidadAty (D = 0.092, p = 0.212) ugasdn
WULA1999 Gumbel d1119008LNENGANTINT TN N UggATedulAR wazgluuudeyaiinanaenndeariy
ANNFFIUIAY Extreme Value Type | %'\1Lﬂu'ﬁugmmmmiﬁqmmmawzﬁu%ﬂ wanANIANETE L-moment T4uA
L-skewness = 0.184 uaz L-kurtosis = 0.162 8¢/ IndLALAININTFIUIBY Extreme Value Type | Avtiuguindaya
UFnnulugeganeduiianumunzansanisin W ldiunisuanuasuuy Gumbel lumstszifinAnsruzangn fawa

N199LATITALAna LY Table 1

Table 1 Maximum daily rainfall associated with the return period of annual rainfall

Return Period
2 3 4 5 6 7 10 20 25 50 100 200 500
(years)

Maximum daily
60.5 89.0 107.5 121.1 1319 140.9 161.2 199.7 211.9 2495 286.9 324.1 3731
rainfall (mm/day)

P

HANNIALATIEIT LN BN ugeg i TN aunusva zawessauiiniaifingn (Return Period)

o [ % o =

Nenauutuet19lted1 Aty Inadiunaelu 60.5 Hadwassadu dlanaindiyn 2 T Tuanendiunm 161.2

o

1% v
o A 3 o

adwmssiadu dlaniafiadin 10 T uaziwnnisnlilugadaniiEnnniged 373.1 Hadwnsdaduaiafiaauleyn

pd)
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500 U 1winn19IiAINA1As e uAN BT IaINUANUINIRELUNAY (Extreme Rainfall 78 Rain Bomb) Mtfinlxitiae s

AINNTULIEY (Figure 4)
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Figure 4 Statistical return periods of rainfall in Mae Chaem District
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o = %, R P PP (v 8 T v T Sy = %
m;mme‘m@mmmixm’mwuwmmmJ’]muu’ﬂmy P LUNEY WATTLNUALILLNTIN sﬁ\iNﬁﬂﬂﬂqW@]\ﬂuﬂ%‘N@mu’]

& A ® w9 ¥ y ! I e .
WUNNRTUIAANNGT 1wu tuinans LIUINUA LAZUIUBNATU mﬂa‘muﬂmmmi‘mLm@uu’mmqLmummlumq

I__DQ

Pniadeuaagunss wanainil n1sdisziacnnulstsauaesdinnududaundindi 60 U dauanaliiiuna

AN USIEud 1 an il Aui AuUFun i sunu Gededudeyad1 Ay d1miunnsanaunuLEnnsdnnng
ninenaun luszAugnauetedsEin nsdssifiudnanimnisaainvinluaniunisnfingm (worst case) tnaannzludl
dl % v o 1 : 1 1 v 1| % v 1 v =

Mlszaun1azuwiaudsguisavizadasuiiataluggmazlgn wuda dhuthndas thuraun uaztinuana disunn
nsuasvan lulnRTTunulutiasge TnadAies 0.43, 0.50 WAz 0.55 AIUGNUIATINAT AMNANAL NAANT

fananaazviauivunumdrAgyresrunaiuniuiiuazpnanysnfzasanintiUnagulunisinAnaninnisuan

|
o

Lmzma‘ﬁmﬁuﬁﬁﬁunu (Table 2) u@nmn‘f‘j AN stsuaegBunaulusethidudniladaidenalaansasatsun
swinfianansoranld aenisiiamzidasadeuds 60 0 wudn Wl w.e. 2503 FailuilfiihBunisdugege (2.444.6
TaaLumg) ﬂ?mmﬁﬁﬁqﬁwﬁmiﬁqmdmﬂ'wﬁmL@ul,ﬁ'mﬂ?ﬂmﬁﬂuﬁuﬂ W.A. 2536 ?ﬁqﬁﬂ?mmﬂuﬁ?wﬁqm (304.6
fadiuns) anuziitiunnduednlutdasandangegi 975.3 fadiuns ?ﬁqmmm‘lﬁﬂummmgml,ﬁ”mﬁuzi"mi“u
mifmLmuu??mﬁmm?ﬁwmmﬁﬂmwﬁ’uqmu TmﬂL@Wﬂﬂuﬁuﬁéuiﬂummm%qLﬂuﬁuﬁ'qmqa waziszuuiingi

gaulmsianislasuulasesaningiainie

Table 2 Annual water yield according to rainfall characteristics

Water yield (million m?)

Water-
Water yield from Water yield from Water yield from mean
producing
Village the year with the year with annual rainfall
Forest area
maximum rainfall minimum rainfall (975.3 mm)
(km?)
(2,444.6 mm) (304.6 mm)
1. Ban Sop Mae Ruam 9.33 18.66 0.63 4.55
2. Ban Mae Mu 24.56 49.12 1.66 11.98
3. Ban Mae Wak 7.48 14.95 0.50 3.65
4. Ban Mae Ming 2.91 5.81 0.20 1.42
5. Ban Pa Kluai 0.89 1.77 0.06 0.43
6. Ban Mae Lu 2.59 5.18 0.17 1.26
7. Ban Om Lan 1.12 2.24 0.08 0.55
8. Ban Na Hong 4.56 9.1 0.31 2.22
9. Ban Mae Nguan 3.45 6.90 0.23 1.68
10. Ban Thung Kae 1.02 2.04 0.07 0.50
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Table 3 Monthly water yield

Rainfall characteristic Apr  May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Year with maximum
056 111 0.88 196 241 203 153 028 0.17 022 0.14 0.28
rainfall

Year with minimum
0.00 0.03 0.02 011 0.12 0.12 0.00 0.00 0.00 0.00 0.00 0.00
rainfall

Mean annual rainfall 0.12 038 039 043 054 060 026 005 0.01 0.02 0.01 0.03

Unit: million m?

Year with maximum rainfall
3.00 7
i Year with minimum rainfall
Cumulative runoff | Flash flood condition
% 2.50 A i Mean annual rainfall
g
g 2.00 1
© . D0ropell,
2 150 A
o
c "
S 100 A Drought condition
€
0.50 -
0.00 T T T e T T T : T T T T 1
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Month

Figure 5 Comparison of average monthly water yield in wet years, dry years, and the 60-year mean rainfall
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Figure 6 Relationship between water supply and water demand

Note : 1.The water balance is maintained along the 50% line on the graph.

2. During the dry season, when water demand exceeds 50%, a water imbalance occurs.
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Discussion
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