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Assessment of Sub-district Scale Drought under Climate Change using Standardized

Precipitation Evapotranspiration Index: A Case Study of Chi River Basin Part 4
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Abstract

Climate change has been affecting the frequency and
severity of droughts worldwide, particularly in Chi River Sub-
basin 4, which is a crucial agricultural area in northeastern
Thailand. This study aims to analyze the impacts of climate
change on drought occurrence at the sub-district level in Chi
River Sub-basin 4 wusing the Standardized Precipitation
Evapotranspiration Index (SPEl) at 3-, 6-, 9-, and 12-month
timescales. The study utilizes bias-corrected climate data from
CESM2, GFDL-ESM4, and CanESM5 models, analyzing four time
periods: the historical period and future projections under
medium (SSP2.45) and high (SSP5.85) greenhouse gas emission
scenarios for near-, mid-, and far-future periods. Results show
that under SSP2.45 in the near future, drought frequency
increases by 4-6%, intensity decreases by 1-3%, duration
increases by 4-6%, and severity increases by 12-15%. The
SSP5.85 scenario shows more pronounced changes, particularly
by the end of the 2lst century, with drought frequency
increasing by 8-15%, intensity decreases by 3-5%, duration
increasing by 8-15%, and severity increasing by 6-39%. The most
significant changes are observed in SPEI9 and SPEI12 indices,
indicating that long-term droughts are likely to become more
severe in the future. The study also identifies that the most
severely affected areas are mainly located in Roi Et, Kalasin and
Maha Sarakham provinces. These findings can be effectively
applied to water management planning and climate change

adaptation strategies at the local level.
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qm‘wqﬁ %"&ﬁNasiamsszmal,l,axmsmmfﬁ (Vicente-Serrano et al,,
2010) msfnulushsuszmedld SPEI Tunsuszifiudouds Wusuin
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anufvesfoudrziindunisldaniunsainauisunvasanin
nilene (Spinoni et al., 2018)
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2.2 BmsAnwuanIsIATIZIveYa

2.2.1 3n73finw

A3fnuE L3 Is g nansEnUTeensIUE suudasanin
giiomasemsiinsoudiuituiigumiridd 4 lelideyagfionnie
3nuuuTIassgdeinialan 3 wuutiass laun (1) CESM2
(Community Earth System Model version 2) @slé3unswauilnag
National Center for Atmospheric Research (NCAR), (2) GFDL-ESM4
(Geophysical Fluid Dynamics Laboratory Earth System Model
version 4) Waiu1lag National Oceanic and Atmospheric
Administration (NOAA) wa (3) CanESM5 (Canadian Earth System
Model version 5) Walu1lay Canadian Centre for Climate
Modelling and Analysis ‘ﬁﬂ%ﬁ’mﬂiﬂuﬁ@?ﬂ’m Usznousme Usunu
iilusetu gungfigsanseiu uazgungiirignsetu fidenld
wuushaeanianud eswn CESM2 TANUATEUARULALAIILLIUEN
lun1sdnaesaningdenia GFOL-ESM4 lafin1ssinesduseney
wawasmuazﬁmmazLSEJmqwﬁgﬂuussmmmmwmaqm du
CanESM5 gnifauniiiediassnisivdsundasanimgiennielusfin
wazgawAn waziimuanansaluniseanyadeyavuinlng (Kittivet
Kuntiyawichai and Sarayut Wongsasri. 2021)

msfnwlinusanaainseilu 4 929 leua dadagiu (aa.
1981-2014) 9290W1ARLNG (A.A.2015-2044) ¥2190UIAANATI (A.A.
2588-2615) uawteeunanlng (A.f.2616-2643) lnen1sfinuiauein
n13UTukAANeudBsUeIteaYyadNLUUIIaR I da1nARI8Ts
Quantile-Quantile Mapping 4t 85U uiAuBULd B9vR 9Ty

Y wunargamgll InewSeuiisuiuteyansininasdluyaed

A.7.1981-2014 91nUuTA1WIuAvd SPEI Tat3uanA1SAILIAN
A15ANYTEWBUINITT Penman-Monteith LagAIUIMAYTE SPEl 7
430381 3 6 9 waz 12 1hau lnafvualial SPEI inandn -1 vJu

LNETUATNSIARABLA

222 myuATIeh

MsIATRdnwuzvestaLadlafansiain 4 dru laun aanu
JUUS3 (Mean Severity) fuananAadsyes SPEI fidind -1 Ay
13 (Mean SPEI under-1) fuiaiainen SPEI s galuusasd
ALE1IUIL (Mean Duration) A1UIRAINS UG e Uil A ouds
fnsiafu wavaud (Frequency) fumansiuundiiAnsoude
fod IntusBrseinsdsuuladnessudisudnunsSouds
syt ewAnfUTtagty Tiesesiuualiunindsuutag
aeldaniunisal SSP2.45 Lag SSP5.85 waviussuliigunanis
3meﬁsxmmmmﬁaaagﬁmmﬂﬁq 3 WUUIN@DY LABLNMIinTg

Aas1esien SPEI louandlilunisiadi 1

a o DI o A
A3 1 NIFIUNAINULIAILAIA AT SPEI

4961 SPE Drought classes
2.0 or more extremely wet
1.5 to 1.99 very wet

1.0 to 1.49 moderately wet
-0.99 to 0.99 near normal
-1.0 to -1.49 moderately dry
-1.5t0 -1.99 severely dry

-2 and less extremely dry
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anuiivesnisiindoudeves SPEI3 nsdiannyiml SSP2.45 Tu
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(M3l 1)IrﬂEJLa‘wwziuﬁuﬁmauﬂawuaami’uaaﬂmaqdwfw (gﬂﬁl 5)
vaszdinnelFmnitad ssPs.85 nuhiinmafiutureseuiidaiauni
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SPEI uuudaes Historical naseszndnnsdianiimilusuaniuiiagiu (%)
MONTH dnwgiione SSP2.45 SSP5.85
Tan 1981-2014 | 2015-2044 2045-2072 | 2073-2100 2015-2044 2045-2072 | 2073-2100
SPEI3 CESM2 0.15 18.63 16.23 23.25 9.56 10.32 13.04
GFDL-ESM4 0.17 3.44 -14.09 4.98 8.15 0.52 9.48
CanESM5 0.18 -2.68 -0.13 -8.18 -0.12 -17.65 1.76
Average 0.17 6.46 0.67 6.68 5.86 -2.27 8.09
SPEI6 CESM2 0.16 4.44 4.02 12.37 3.15 6.29 0.72
GFDL-ESM4 0.15 14.33 2.05 8.28 28.40 11.84 31.43
CanESM5 0.16 -3.87 0.75 -6.17 3.89 -19.95 13.74
Average 0.16 4.97 2.21 4.83 11.82 -0.61 15.29
SPEI9 CESM2 0.16 -12.35 8.86 1151 10.66 5.44 049
GFDL-ESM4 0.17 0.48 -1.87 10.40 13.98 3.49 546
CanESM5 0.16 8.63 4.81 -0.37 4.16 -1131 16.73
Average 0.16 -1.08 393 7.18 9.60 -0.79 7.56
SPEI12 CESM2 0.16 -5.96 5.44 21.05 9.48 6.43 4.11
GFDL-ESM4 0.16 5.74 7.31 17.12 27.24 17.40 8.12
CanESM5 0.15 14.05 -0.64 -9.38 18.06 -4.10 31.70
Average 0.16 4.61 4.04 9.60 18.26 6.58 14.64
MIef 2 kamleneienudiesibudmnediauuiudannsguinisssmenarnisaiei
SPEI wuudiaas Historical wasinsszrdnnsdinniailusuaniuiagiu (%)
MONTH dngiiane SSP2.45 SSP5.85
Tan 1981-2014 2015-2044 2045-2072 2073-2100 2015-2044 2045-2072 2073-2100
SPEI3 CESM2 -1.55 -8.30 -8.25 -8.01 -4.88 -7.89 -5.09
GFDL-ESM4 -1.44 0.01 5.87 -1.16 -2.87 -1.12 -2.19
CanESM5 -1.43 -1.34 -1.62 0.84 1.69 6.83 -1.87
Average -1.47 -3.21 -1.33 -2.78 -2.02 -0.73 -3.05
SPEI6 CESM2 -1.53 -3.36 -4.83 -3.60 -2.45 -6.30 -1.39
GFDL-ESM4 -1.50 -2.29 3.04 -4.23 6.22 -4.86 -1.56
CanESM5 -1.52 -3.71 -3.29 -2.57 -3.39 9.61 7.1
Average -1.51 -3.12 -1.69 -3.47 4.02 -0.52 -5.36
SPEI9 CESM2 -1.51 0.64 -6.40 -5.84 -4.86 721 -0.88
GFDL-ESM4 -1.44 232 5.75 -3.22 -1.44 -1.15 0.13
CanESM5 -1.54 -5.22 -3.42 -2.66 -5.04 7.54 -9.47
Average -1.49 -0.75 -1.36 -3.91 -3.78 -0.27 -3.40
SPEI12 CESM2 -1.51 -3.83 7.13 -9.24 -3.84 -8.98 -3.04
GFDL-ESM4 -1.47 1.02 1.90 791 -5.58 -4.01 -2.41
CanESM5 -1.54 -5.95 -3.07 0.29 -8.31 6.78 -11.17
Average -1.51 -2.92 -2.77 -5.62 -591 -2.07 -5.54

3.1.2 AN TDINBUAS

3.1.3 ANETIUIUTBIBUAY

nansanwkansliiuinaeldandenl  ssP2.45  Tutas
awaalnd ArmEuILUeItaudesfiniude 4-6% wavaeld
annvien] SSP5.85 TughaUanermnssuwasifiatu 5-18% (mM3neii 3)
IﬂaLawwﬂuﬁuﬁmaunmaLLawﬁuaaﬂmmfjwfn

nan13@nwkandliiiuinneldainyied ssp2.45 Tugas
awpelng muduvestoudsdivunltuanas 1-3% vassiinels
21097 AYd SSP5.85 lud19UaneAnl55e At uanas 3-5%
(57971 2) ‘Tiﬁ@’]‘\]Lﬂumam’]’ﬂ’]ﬂﬂ']’iLU?iIEJULLUaQG(Ja\‘iEULL‘U‘UﬂJuﬁlﬁ
ﬂ’J’]ﬁJﬁULLUiQQ%u
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SPEI wuuaes Historical uasisszrdnnsdianiailusuaniuilagiu (%)
MONTH danngfiannie SSP2.45 SSP5.85
Tan 1981-2014 2015-2044 2045-2072 2073-2100 2015-2044 2045-2072 2073-2100
SPEI3 CESM2 0.15 18.63 16.23 23.25 9.56 10.32 13.04
GFDL-ESM4 0.17 3.44 -14.09 4.98 8.15 0.52 9.48
CanESM5 0.18 -2.68 -0.13 -8.18 -0.12 -17.65 1.76
Average 0.17 6.46 0.67 6.68 5.86 -2.27 8.09
SPEI6 CESM2 0.16 4.44 4.02 12.37 3.15 6.29 0.72
GFDL-ESM4 0.15 14.33 2.05 8.28 28.40 11.84 31.43
CanESM5 0.16 -3.87 0.75 -6.17 3.89 -19.95 13.74
Average 0.16 4.97 2.27 4.83 11.82 -0.61 15.29
SPEI9 CESM2 0.16 -12.35 8.86 11.51 10.66 5.44 0.49
GFDL-ESM4 0.17 0.48 -1.87 10.40 13.98 3.49 5.46
CanESM5 0.16 8.63 4.81 -0.37 4.16 -11.31 16.73
Average 0.16 -1.08 3.93 7.18 9.60 -0.79 7.56
SPEI12 CESM2 0.16 -5.96 5.44 21.05 9.48 6.43 4.11
GFDL-ESM4 0.16 574 7.31 17.12 27.24 17.40 8.12
CanESM5 0.15 14.05 -0.64 -9.38 18.06 -4.10 31.70
Average 0.16 4.61 4.04 9.60 18.26 6.58 14.64
a9l 4 nansleTsiauTILTesSud s nA AL anas UMM TTEMELAE N SAE
SPEI uuuTaes Historical uasisszrdnnsdianiadlusuaniuiagiy (%)
MONTH danwgiionna SSp2.45 SSP5.85
tan 1981-2014 2015-2044 2045-2072 2073-2100 2015-2044 2045-2072 2073-2100
SPEI3 CESM2 4.34 29.13 12.19 15.78 12.05 13.49 12.65
GFDL-ESM4 4.45 10.12 -9.25 12.23 7.61 29.07 15.30
CanESM5 4.31 -1.99 -17.73 2.85 18.17 -4.51 21.96
Average 4.37 12.42 -4.92 10.28 12.61 12.68 16.64
SPEI6 CESM2 6.14 41.05 8.69 -8.99 27.16 7.22 -6.34
GFDL-ESM4 7.29 -17.36 -16.50 -13.27 -12.44 4.69 6.95
CanESM5 5.59 22.76 9.46 10.83 21.14 11.94 20.03
Average 6.34 15.49 0.55 -3.81 11.95 7.95 6.88
SPEI9 CESM2 8.28 30.85 4.07 9.53 8.97 1.82 0.62
GFDL-ESM4 9.72 -20.41 -32.10 -2.74 -11.90 -13.84 -12.70
CanESM5 6.45 34.18 19.07 29.42 40.59 67.80 48.38
Average 8.15 14.87 -2.98 12.07 12.55 18.59 12.10
SPEI12 CESM2 9.09 37.58 29.38 30.54 4.91 10.52 26.34
GFDL-ESM4 10.42 -19.49 -30.06 -2.60 6.54 -0.26 -15.40
CanESM5 8.71 19.10 26.57 7.83 51.08 52.46 104.90
Average 9.41 12.40 8.63 11.92 20.84 20.90 38.61
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