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Abstract

This study aims to assess the frequency and characteristics of future
meteorological droughts in the Lower Xebang Hiang Watershed, Savannakhet
Province, using the Standardized Precipitation Index (SPI). Monthly rainfall data
were derived from the Geophysical Fluid Dynamics Laboratory—Earth System
Model version 4 (GFDL-ESM4), a Global Climate Model (GCM) participating in
the Coupled Model Intercomparison Project Phase 6 (CMIP6) framework, under
three Shared Socioeconomic Pathway (SSP) emission scenarios: SSP1-2.6, SSP2-
4.5, and SSP5-8.5. Raw GCM outputs were downscaled using the Dynamical
Downscaling technique to compute drought frequencies at 1-month (SPI-1), 3-
month (SPI-3), and 6-month (SPI-6) accumulation periods for the Near Future
(2023-2050) and Far Future (2051-2100) periods.

Results indicate that the highest drought frequency across all indices occurs
during the Near Future under the SSP5-8.5 scenario, with SPI-1 reaching 6.55%
and SPI-3 reaching 4.17%. The dominant characteristic of projected droughts is
short-term variability, as SPI-1 consistently exceeds SPI-3 across all scenarios, with
a maximum ratio of 2.37:1 under SSP1-2.6 in the Near Future. However, in the Far
Future under SSP2-4.5, this ratio converges toward 1:1 (1.33:1), indicating a
tendency for short-term droughts to intensify and transition into cumulative
medium-term droughts over the long run. Consequently, the basin requires
immediate flash drought response measures in the near term and long-term
structural planning to address increasingly prolonged drought durations. These
findings provide a critical scientific foundation for establishing effective and
sustainable drought-risk policy measures and water resource management planning
in the Lower Xebang Hiang Watershed.
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SSP5-8.5 ﬁaowﬁ'gljgm, el SSP2-4.5 Haoiuticiansa
SSP1-2.6 (anysge, cé"jégusmﬁjaowtﬁumanzaﬁu
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>

fuadSWidiuce aowfizestwdijedtaevdu  (SPI-1)
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Onset) Yditondataeweo. venani, Hgeneelfiunay
aI0eue9y IPCC (2021). z‘ﬁ';ang:j’l ndsucdgtui
911N EN Wisuxuunawdnes 1By Nty
g18mcSusengs) iSaorudicnsugiSu.

3. Bunawdngans Wik uSugsjaotu
] tweoi ged 92 ngrnavenay (SSP1-2.6, SSP2-4.5,
SSP5-8.5) Uugsna9NulLwI0sA03)2993 NN tw
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J19m 0918t 2vtouInIUNES i Ay nEESnuES 99U
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J29v1 (Early Warning System) cﬁsz@nnjsuaowzﬁjﬂu
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1. tirgggeorufize g uudieditutauresuidn:
SunSewdissor eorufizey tweriged Seuotiudusy
n1UAiUn0ILE US uee N WYseriRiSsunrio. Tutaus
2xUINS VTN (2023-2050), FLnauenau SSP5-8.5 AUy
Sufivtucdifedsgafign Ynedaowwt SPI-1 i 22 &9
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c§3510wﬁ SPI-1 Azt uSucdu 34 ﬁj (5.78%) &z SPI-3
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2. Insruudueeituadijedjcuuduiiy (Flash
Drought): #6ufufigediuciy aorufizetuadigcdstaey
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wiovdut ugognediudiv cé"jﬁjﬁumzﬁutnaﬁjﬁaawg’u
Suby way WutwdusdssuoguniuerSansdria.
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     P  i, j


     P  i, j


     P  i, j


                                               X  (m,k) =   ∑  n-1  k-1   P  m-n.j


                                               X   ( m,k )   


   g  (x) =  1   ( ( Γ(α)ⅈ  x  α-1  e  -x/(                             


                                                                    ໂ ດ ຍ ທ ີ ່ :           α(( ,     ((0       ແ ລ ະ       x((


  α       ແ ມ ່ ນ   shape   parameter


  (       ແ ມ ່ ນ   scale   parameter


  Γ  ( α )


  Γ  ( α ) =   ∫ 0 ∞   t  α-1  e  -t dt


  shape parameter (α)


  scale parameter (()


  A )


  A=   ln ⁡   x - -    ∑    ln( ⁡  x) n


   ( ^


   α ^ =  1  4A  ( 1+  1+   4A 3 )


   β ^


   x - =    β ^  ( ^    ⟹   β ^ =    x -   ( ^    


   H  (x)


   G  (x)


    β  ^


     ( ^


    q  


   H  (x) =q+  ( 1-q )  G  (x)


   H  (x)


    SPI(Z)


   H  (x)


  SPI(Z)


  t :


  0 <  H  (x) ≤ 0.5  


  t=    ln ⁡   (  1     (  H  (x) ) 2 )  


  Z=SPI=-  ( t-    c 0 +  c 1 t+  c 2  t 2  1+  d 1 t+  d 2  t 2 +  d 3  t 3 )      


  0.5<  H  (x) ≤1    


  t=    ln ⁡   (  1     ( 1-  H  (x) ) 2 )    


  Z=SPI=+  ( t-    c 0 +  c 1 t+  c 2  t 2  1+  d 1 t+  d 2  t 2 +  d 3  t 3 )    


   c 0 =2.515517             c 0 =1.432788


   c 0 =0.802853             c 0 =0.189269  


   c 0 =0.802853             c 0 =0.189269  


   c 0 =0.010328            c 0 =0.001308  


   c 0 =0.010328            c 0 =0.001308  


  (SPI≤-1.0)


  ( SPI ≤ − 1 . 0 )


  DF=  (    N  drought   N  total ) ×100


                                ໂ ດ ຍ ທ ີ ່ :        N  drought :  


  SPI   ເ ທ ົ ່ າ  -1.0   ແ ລ ະ   ນ ້ ອ ຍ ກ ວ ່ າ  -1.0  


   


    (SPI   ເ ທ ົ ່ າ   -1.0   ແ ລ ະ   ນ ້ ອ ຍ ກ ວ ່ າ  -1.0)


  ( S P I ≤ − 1 . 0 )

