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Abstract. Climate change is the main cause of the water
disasters, directly impacted flood and drought that occur
from excess and shortage of water in several areas.
Drought risk areas have tendency to suffer from greater
severity and higher frequency of disaster in future.
Therefore, it is necessary to conduct drought prediction in
order to understand water stress conditions in drought
hotspots or drought prone areas. Meteorological drought
indicators can be calculated from rainfall and temperature.
The standardized precipitation index (SPI) and
standardized precipitation evaporation index (SPEI) are
used in temporal analysis of drought severity. This study
aims to predict and compare future droughts under
changing climate. The observed climate data from weather
stations in Thailand and 10 GCM climate datasets under
CMIP5 project were used as inputs. The gamma-gamma
transformation method was applied to correct biases of
GCM precipitation and temperature data. SPI and SPEI
indices were calculated for each weather station to
describe drought situation. The number of drought events
and their severity were calculated and presented on a
drought visk map. The consistency index was used to
identify hotspot areas from multiple SPI and SPEI results.
These results would raise drought awareness of related
government agencies in order to prepare the water plans to
cope with water shortage in the drought risk areas.
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1. Introduction

Meteorological drought is defined as an event that
occurs when dry weather patterns dominate an area.
Drought conditions can be investigated by using specific
indices for assessing drought severity such as Palmer

Drought Index (PDI) [1] and Standardized Precipitation
Index (SPI) [2] and Standardized Precipitation Evaporation
Index (SPEI) [3]. SPI is a meteorological drought index
that is created from precipitation data only. It does not
account for evapotranspiration, which limited its ability to
capture the effect from temperature variation due to
changing climate. On the other hand, the SPEI combines
for the possible effects of temperature variability and
temperature extremes beyond the context of global
warming. [4] Furthermore the SPEI fulfills the
requirements of a drought index since its multi-scalar
character enables it to be used by different scientific
disciplines to detect, monitor and analyze droughts. [5]
indicated that drought indices must be statistically robust
and easily calculated, and have a clear and comprehensible
calculation procedure. Thus, many studies have inscribed
the issue of predicted changes in the hydrological cycle
with global climate models ([6]; [7]). [6] have shown that
a large increase in mean precipitation is expected in the
future, especially in Asian monsoon regions, which will
reduce drought over the region. [7] have also projected that
the precipitation intensity increases due to increased
atmospheric water holding capacity. Nevertheless,
increases in mean precipitation are tied to increases in
surface evaporation rates, which are lower than for
atmospheric moisture. This leads to a reduction in the
number of wet days and an increase in dry spell length. In
order to the changing climate have induced to the drought
phenomena, we attempted to address the drought
characteristic over Thailand by using both of SPI and SPEI
method. The objective of this study is to investigate the
change of severity and occurrence of drought situation
under changing climate by using multiple bias corrected
multi Coupled Model Intercomparison Project (CMIPS5)
general circulation models (GCMs).

2. Study area

Thailand is located in the tropical area between
latitudes 5 037° N to 20 027’ N and longitudes 97 0 22° E
to 1050 37’ E. The total area is 513,115 square kilometers.
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The climate of Thailand is under the influence of monsoon
winds of seasonal character i.e. southwest monsoon and
northeast monsoon. The southwest monsoon which starts in
May brings a stream of warm moist air from the Indian
Ocean towards Thailand causing abundant rain over the
country, especially the windward side of the mountains.
Rainfall during this period is also caused by the Inter
Tropical Convergence Zone (ITCZ) and tropical cyclones
which produce a large amount of rainfall. The onset of the
southwest monsoon leads to intensive rainfall from mid-
May until early October. Rainfall peak is in August or
September which some areas are probably flooded.
However, dry spells commonly occur for 1 to 2 weeks or
more during June to early July due to the northward
movement of the ITCZ to southern China. Annual rainfall
pattern of the country is about 1,200 - 1,600 mm per year.
The study area and observed rain gauge station is shown as
Fig.1.
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Fig 1.: Study area and rainfall stations [1]

3. Data

Observed rainfall data from 124 weather stations
shown in Fig.l were obtained from Thai Meteorological
Department (TMD). We collected daily rainfall, relative
humidity, wind speed, sunshine duration, maximum and
minimum temperature in the period 1979 — 2015. For the
10 general circulation models (GCM), precipitation and
temperature were downloaded from Lawrence Livermore
National Laboratory as shown in Table 1
(https://pemdi.llnl.gov/projects/esgf-1Inl/). The concerned
time period was divided into 4 periods: present (1979 —
2006), near future (NF: 2018 — 2039), mid future (MF:

2040 - 2069), and far future (FF: 2070 - 2099). Two
Representative Concentration Pathways (RCPs) (4.5 and
8.5), developed by IPCC, were selected to project future
climate change in Thailand. RCP 4.5 is a scenario of
intermediate emissions which stabilizes radiative forcing
shortly after year 2100, consistent with a future with
relatively ambitious emissions reductions. RCP 8.5 is a
scenario of high emissions consistent with a future of no
policy changes to reduce emissions which is characterized
by increasing greenhouse gas emissions that lead to high
greenhouse gas concentrations over time [8].

Model AGCM OGCM
Modeling group . . horizontal/vertical horizontal/vertical
designation . .
resolution resolution
Beijing Climate Center, China o o
Meteorological BCC-CSMI.1 T42 126 Plon x 1.35° lat
.. . L40
Administration
Canadian Center for Climate CanESM2 T63 L35 256 x 192 L40
Modelling and Analysis
. o o _
National Cémer for CCSM4 1.25lon x 0.9 lat 1.1° lonx0.27
Atmospheric Research L26 0.54° lat L60
The Community Earth System
Model, version 1—- CESM1_BGC 1.25 lon 0.9424 lat -
Biogeochemistry
Centre National de CNRM-CM5 TL127 L31 1°1on x 1° lat L42
Researches Meteorologiques
The EC-Earth consortium EC_EARTH 1.125 lon 1.1215 1 lonx 0.3-1.0 lat

lat

LASG, Institute of
Atmosphen? P]‘fySICS, Chinese FGOALS-s2 RA2 126 0.5-1 lonx 0.5-1
Academy of Sciences and lat L

CESS, Tsinghua University

Japan Agency for Marine-
Earth Science and
Technology, Atmosphere and
Ocean Research Institute, and
National Institute for

MIROC-ESM T42 L8O 256 x 192 L44

Environmental Studies

Atmosphere and Ocean
Research Institute, National
Institute for Environmental
Studies, and Japan Agency for
Marine-Earth Science and
Technology

MIROCS T85 L40 256 x 224 L50

Max Planck Institute for

MPI-ESM-LR
Meteorology

T63 L47 GRI15 L40

Table 1 Description of GCM climate data used

4. Methodology

4.1 Gamma-gamma transformation

We modified the Gamma-gamma transformation
bias correction method proposed by [9],[10]. The daily
rainfall data were defined as the independent variables.
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The distribution of daily rainfall obtained each month
can be approximated by the gamma distribution. The
following represent the major steps employed to correct
the rainfall data. First, a gamma distribution for
observed rainfall data series — Fops(Xobs) Was considered
fit. Second, a gamma distribution for GCM rainfall data
of the same period was considered fit — Foemo(Xgem20).
Third, a gamma distribution for the 21st century GCM
rainfall data was considered fit — Fgema1(Xgemer). Fourth,
the inverse of the GCM rainfall data was taken with
observed rainfall data and GCM rainfall data was
corrected using (1),

XGCMZOCORR = F;I}S(FGCMZO(XGCMZO)) (1)

; where Xcecmzocorr represents the corrected GCM
rainfall data in each month during the present period and
Xcemzo represents the raw rainfall during the present
period.

For the future period, the future GCM corrected the
rainfall data in each month using (2),

Fops(Feemza Xgemz1)
cemz0(Feemz1Xgemz1)) (2)

Xeemz1corr = Xgemz1 7

; where Xeemzicorr 18 the corrected GCM rainfall data in
each month in the future period and Xgcumz; is the raw
rainfall data in each month in future period.

4.2 Standardized precipitation index (SPI)

Standardized precipitation index (SPI) is based on
the probability of precipitation for any time scale [11].
SPI is based on the cumulative probability of a rainfall
event occurring at a station. The gamma distribution is
defined by its frequency or probability density function:

! [Fx®e=*/F (3)

G(x) = J'Oxf(x)dx = 52 1) J0

Since the gamma function is undefined for x=0 and a
precipitation distribution may contain zeros, the cumulative
probability becomes:

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

; where ¢ is the probability of zero. The cumulative
probability H(x) is then transformed to the standard normal
random variable Z with mean zero and variance of one,
which is the value of the SPI following [12]; we employ
the approximate conversion provided by [13] as an
alternative.

ey Fet e’

Z=SP[=-t-— 1L "~
l+dt+d,t* +d,r’
,,%JWH(X)SI

Z=SPI =+ = :
L+dit+dyt +dt

; where

bl L Vo zev<0
f_\“m[w]mmx)m@

| 1
= In| ———— [05<H(x)<1.
\‘l[(l.O—H(,\f))‘ ]03 H(x)<1.0

; where Cp=2.515517, C; =0.802583, C>=0.010328, d; =
1.432788, d>=10.189269, and d; = 0.001308.

[11] used the classification system shown in the SPI
value table below (Table 2) to define drought intensities
resulting from the SPI.

SPI Classification
2.0+ extreme wet
1.5t0 1.99 very wet
1.0 to 1.49 moderately wet
-0.99 to 0.99 near normal
-1.0to -1.49 moderately dry
-1.5t0-1.99 severely dry
-2 and less extremely dry

Table 2 SPI values classification

4.3 Standardized precipitation evapotranspiration index
(SPEI)

The SPEI [3] that employed to investigate drought in
this study based on Thornthwaite equation (Thornthwaite,
1948) as follows: ,

- . Co+ C1W + CoW
SPEL=W - T4+ di W+ doaW? + da W3 @

W = —2In(P) (5)

where

for P<0.5, P being the probability of exceeding a
determined D value, P=1-F(x). If P>0.5, P is replaced by
1-P and the sign of the resultant SPEI is reversed. The
constants are: C;=2.515517, C;=0.802853, C»=0.010328,
d=1.432788, d-=0.189269, d3;=0.001308. The average
value of the SPEI is 0, and the standard deviation is 1. D is
the difference between the precipitations (P) and PET for
the month i is calculated:

D; =P, — PET;
(6)

; which provides a simple measure of the water surplus or
deficit for the analyzed month.

SPEI Classification
2.0+ extreme wet
1.5t0 1.99 very wet
1.0 to 1.49 moderately wet
-0.99 to 0.99 near normal
-1.0to -1.49 moderately dry
-1.5t0-1.99 severely dry
-2 and less extremely dry

Table 3 SPEI values classification
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4.4 Consistency index

In order to assess the level of consistency in severity
and occurrence which analyzed from SPI and SPEI by
using BC GCM rainfall and temperature, we constructed
a consistency index [14-15]. The index is calculated for
each grid point as follows.

( L(N >N,)
. . N,+N, VP77
Consistency index = { r N " 7
[mam <) "
Where N, is the number of BC GCMs that project an
increase in SPI or SPEI, and N, is the number of BC
GCMs that projected decrease. Therefore, the sign of the
index denotes the direction of changes projected by the
majority of the BC GCMs. The goodness of fit tests are
used to evaluate the performance of daily BC rainfall
data and extreme rainfall indices including Pearson’s
correlation (r), root mean square error (RMSE) ([16];
[17]; [18]), mean absolute error (MAE), percent bias
(PBIAS) ([19]; [20]), and skill score (SS) ([21]; [22])

5. Results

5.1 Evaluation of monthly BC rainfall

The monthly BC rainfall and temperature data of
each GCM was verified using the correlation (r), percent
biases (PBIAS), root mean square error (RMSE), mean
absolute error (MAE), and skill score (SS) shown in Table
4 and 5.

It can be seen from Table 4 and 5 that the average
correlation of monthly BC rainfall data varied from 0.57 to
0.62, RMSE varied from 3.44 to 3.9, MAE varied from
2.24 t0 2.51, and SS varied from -0.36 to 0.67. The percent
biases (PBIAS) produced a better result which varied from
-0.45 to -0.15. In the other hand, average correlation of
monthly BC temperature data varied from 0.72 to 0.82,
RMSE varied from 1.26 to 1.52, MAE varied from 1.0 to
1.21, and SS varied from 0.37 to 0.88.

GCM R PB RMSE MAE Skill score
BCC 0.78 -1.64 1.28 1.01 0.58
CanESM 0.79 -2.33 1.39 1.10 0.64
CCSM4 0.82 -3.21 1.49 1.21 0.78
CESM1 BGC 0.79 -2.29 1.35 1.07 0.80
CNRM 0.79 -1.77 1.26 1.00 0.79
EC EARTH 0.79 -2.10 1.34 1.05 0.88
FGOAL s2 0.72 -2.37 1.52 1.15 0.37
MIROC ESM 0.78 -2.08 1.37 1.08 0.76
MIROCS 0.80 -1.91 1.28 1.01 0.55
MPI ESM LR 0.78 -2.40 1.42 1.11 0.61

0.82 -1.64 1.52 1.21 0.88
Max

0.72 -3.21 1.26 1.00 0.37
Min

Table 5 Performance of bias corrected monthly temperature

The percent biases (PBIAS) produced a better result
which varied from -3.21 to -1.64. The evaluation of BC
rainfall and temperature data implied that these BC data are
able to investigate the changes of future SPI and SPEI

5.2 Existing Drought by SPI and SPEI

From the time series of difference time scale of SPI and
SPEI were computed in present period, the severity and
occurrence of drought can be identified by using the
average SPI and SPEI under -1.0 and number of SPI and
SPEI under -1.0 [16] shown as Table 6 and 7. The average
severity of all regions by SPI was indicated in moderate dry
class which varied from -1.38 to -1.40, while the number of
drought events varied 32 to 41 times. The average severity
of all regions by SPEI was indicated in moderate dry class
which varied from -1.38 to -1.40, while the number of
drought events varied 43 to 44 times.

Table 4 Performance of bias corrected monthly rainfall

e = o TR T Skill ) Average SPI under -1.0 Number of SPI under -1.0
score Region
SPI SPI SPI SPI SPI | SPI | SPI SPI
BCC 0.58 -0.45 3.85 2.47 0.67 1 3 6 12 1 3 6 12
CanESM 0.58 -0.15 3.9 249 -0.14 North 2138 | 4139 | -140 | -140 | 30 39 41 41
CCSMm4 0.58 -0.32 3.83 245 0.06
CESMI BGC 057 2026 377 245 0.05 North East 2139 | -136 | <135 | -1.34 38 41 42 41
CNRM 0.62 019 344 224 0.13 Central 2140 | 4139 | -138 | -1.38 39 43 43 43
EC_EARTH 0.58 -0.23 3.88 2.51 -0.36
FGOAL _s2 058 | -0.19 3.74 243 -0.13 East 138 -140 | 140 -1l 30 3 41 40
MIROC_ESM 0.61 015 353 2.3 -0.03 South East 2139 | -143 | <142 | o142 35 42 42 41
MIROCS 0.58 -0.27 3.9 2.51 -0.17
MPI_ESM_LR 0.61 -0.26 3.62 237 -0.08 South West -1.36 -1.39 -1.41 -1.42 30 39 39 39
Max 0.62 -0.15 39 2.51 0.67 X
All region 2138 | 139 | <140 | -1.40 32 40 41 40
Min 0.57 -0.45 3.44 2.24 -0.36

Table 6 Average SPI and Number of SPI under -1.0 in present period
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Average SPI under -1.0 Number of SPI under -1.0 Resion Change of severity, % Change of occurrence, %
Region E SPI I SPI | SPI SPI SPI | SPI | SPI | SPI
g SPEI SPEI SPEI SPEI SPEI SPEI SPEI SPEI 1 3 6 12 1 3 6 12
1 3 6 12 1 3 6 12 RCP4.5 in near future
North -1.40 -1.40 -1.39 -1.38 43 44 44 45 North 1.67 0.76 0.87 -0.24 17 24 24 27
North East 0.93 2 33 3.51 15 18 17 19
North East -1.34 -1.33 -1.32 -1.32 41 43 44 42
Central 0.95 2.19 2.28 1.91 17 21 20 22
Central -1.36 -1.35 -1.35 -1.35 43 45 46 45 East 64 024 1.29 216 20 25 25 33
East -1.40 -1.40 -1.41 -1.40 43 45 44 44 South East 1.28 -0.74 0.99 -1.01 20 23 27 34
South East _1.40 -1.40 139 139 44 46 45 45 South West 1.97 -0.7 -1.88 -3.53 18 21 25 21
All region 1.61 0.27 0.31 -1.23 18 23 24 25
South West -1.41 -1.40 -1.40 -1.40 43 43 43 42
RCP4.5 in mid future
All region -1.40 -1.39 -1.39 -1.38 43 44 44 44 North 2.63 2.02 2.51 2.09 4 7 9 8
. . North East 0.18 1.45 35 3.98 0 7 4 5
Table 7 Average SPEI and Number of SPEI under -1.0 in present period
Central 0.5 0.87 2.1 3.66 2 10 8 8
East 3.68 -0.11 1.02 -0.64 4 9 13 16
5.4 Prediction of future drought by SPI and SPEI SouthBast | 345 | 146 | 059 | 074 | 0 J 10| 4] 18
South West 2.16 -0.79 -1.88 -2.07 4 2 11 9
The future change of severity .and number of drought Allregion | 231 | o041 06 om S 6 10 0
event by SPI and SPEI calculation under RCP4.5 and -
. N RCP4.5 in far future
RCP8.5 can be predicted as shown in Table 8 and 9. It was
. North 2.49 2.26 2.76 2.65 7 11 12 9
found that the future change of severity of drought by SPI — o | s T o TS , .
orth East L . . .
tends to vary -1.23% to 2.5% under RCP4.5 and vary -
. Central 105 | 239 226 0.79 1|6 | 6 | 4
1.41% to 1.93% under RCP8.5, while the future change of o
E 337 | 22 244 -0.38 g8 | 9 | 10| 10
occurrence tends to vary 3% to 25% under RCP4.5 and -
vary 5% to 26% under RCP8.5. The drought events in near SouhEBast | 386 | 066 041 B N L I N
future period occurs more frequency than other periods. South West | 2.64 | 071 037 260 | 4 e g
Fig.2 shows that the change of average SPI6 tends to vary - Allregion | 2.5 1.o7 148 -0.01 I I L
1.88% to 3.5% under RCP4.5 and vary -0.78 to 4.18 under RCP8.5 in near future
RCP8.5, while the change of occurrence tends to vary 1% North 219 | osl 1.06 024 | 19 | 25 | 23 | 21
to 27% under 4.5 and vary 2% to 29% under RCPS.5. North East | 004 | 3.12 2.46 257 | 20 | 21 | 2 | 15
Furthermore, it was found that the future change of Central 052 | 243 142 224 | 20 | 24 | 25 | 19
severity of drought by SPEI tends to vary -3.01% to 1.98% East 73| L6 14 067 | 24 | 24 | 25 | 2
under RCP4.5 and vary -3.68% to 2.03% under RCPS.5, South East | 1.01 04 0.62 027 | 20 | 23 | 2 | 30
1 V)
while the future change of occurrence tends to vary 3% to soubwest | 152 | o2 08 T o | 2 | 2 | 35
0, V) V)
29% under RCP4.5 apd vary 7% to 374) under RCP8.5. Aregion | 153 | 096 oo o001 o | 22 | 26 | =
The drought events in near future period occurs more —
. . RCP8.5 in mid future
frequency than other periods. Fig.2 shows that the change
0 0 North 1.71 0.75 0.35 -1.89 5 10 6 3
of average SPEI6 tends to vary -3.01% to 1.45% under -
. North East 2.09 4.67 4.18 1.84 1 1 2 3
RCP4.5 and vary -3.68 to 2.03 under RCP8.5, while the
C 1 1.3 3.43 227 0.36 3 5 7 7
change of occurrence tends to vary 6% to 28% under 4.5 e
and vary 7% to 36% under RCP8.5. North Eastern of Bast 268 | 27 078 | 262 | S 20"
Thailand has the highest severity of drought compared with SouthBast | 187 | 173 L7 o1 L L N A
the Other regions_ South West 2.08 0.59 -0.78 -1.93 7 6 7 6
All region 1.93 1.48 0.52 -1.41 6 7 8 7
RCP8.5 in far future
5.6 Consistency index of SPI and SPEI
North 1.77 2.05 1.41 0.92 S 8 9 13
The consistency index of severity and occurrence of North East | 133 23 2.65 149 |02 | 3 [ 3 | 4
drought which calculated from SPI and SPEI can be Central 171 1.65 129 0.37 I 6 | 6 | 1
analyzed as shown in Table 10 and 11. It was found that East 155 | 037 1.42 2.99 s | | s | u
the consistency of severity by SPI tend to slightly decrease South East | Lel 044 225 321 s | ul 51| o
from -0.60 to -0.23 under RCP4.5 and vary -0.69 to 0.16 South West | 12 0.22 05 263 s | 7 | 21 10
under RCP8.5, while the consistency of occurrence tends to Allregion | 152 | 1ot 30 s S 1 s 101 o

vary 0.65 to 0.99 under RCP4.5 and vary 0.77 to 0.99
under RCP8.5. In the other hand, the consistency of Table 8 Change of severity and occurrence by SPI in future period
severity by SPEI tend to vary from -0.75 to 0.27 under

RCP4.5 and vary -0.79 to 0.51 under RCP8.5, while the

consistency of occurrence tends to vary 0.38 to 1.00 under

RCP4.5 and vary 0.59 to 1.00 under RCPS.5.
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Change of severity, %

Change of occurrence, %

Region
SPEI SPEI SPEI SPEI SPEI | SPEI | SPEI SPEI
1 3 6 12 1 3 6 12

RCP4.5 in near future
North 0.22 -0.25 0.80 0.48 27 28 25 27
North East -1.77 -1.07 1.03 1.15 23 21 19 29
Central -1.37 -0.81 0.50 0.79 24 21 20 26
East 0.04 -0.13 -1.16 -1.70 29 23 25 25
South East 0.38 0.18 0.38 -1.09 29 26 26 26
South West -0.20 -1.16 -0.59 -0.53 28 27 28 28
All region -0.20 -0.60 0.01 -0.20 27 26 25 27

RCP4.5 in mid future
North -0.32 0.07 0.76 -0.56 14 11 8 3
North East -1.83 -0.65 1.45 1.74 6 9 6 14
Central -1.54 -0.47 0.89 1.98 9 8 7 10
East 0.55 -0.06 -1.29 0.31 13 13 15 7
South East -0.39 0.32 0.16 -0.02 15 14 15 15
South West -1.02 -0.02 -0.77 -0.61 18 14 17 13
All region -0.64 -0.05 -0.03 -0.02 14 12 12 9

RCP4.5 in far future
North -0.99 -0.20 -0.43 1.62 17 14 16 9
North East -0.78 -1.45 -0.55 -2.04 9 9 9 15
Central -0.98 -0.80 -0.88 -1.52 10 8 11 13
East -0.81 -0.46 -3.01 -1.37 20 12 19 10
South East -1.47 -1.25 -2.45 -1.92 19 15 21 17
South West -0.40 -0.85 -1.51 0.33 18 15 19 13
All region -0.79 -0.64 -1.34 0.02 17 13 17 12

RCP8.5 in near future
North -0.10 -0.90 -1.00 1.52 28 28 29 22
North East -1.34 -0.60 -0.92 0.31 24 23 23 27
Central -1.70 -0.84 -1.79 -0.83 27 25 26 27
East -1.13 -1.63 -3.68 -0.28 30 28 33 26
South East -1.96 -1.62 -2.14 -2.83 32 29 32 37
South West -1.03 -1.36 -2.95 -2.09 29 29 36 34
All region -0.92 -1.18 -2.18 -0.55 29 28 31 28

RCP8.5 in mid future
North -0.31 0.38 0.73 0.95 17 14 15 13
North East 0.23 1.19 2.03 1.34 13 8 7 15
Central 0.18 0.75 0.93 0.50 13 10 9 14
East 0.73 0.29 -1.55 -0.71 17 16 20 24
South East 0.56 0.14 0.78 0.54 16 18 18 22
South West 0.35 0.80 -0.44 -1.68 19 15 21 26
All region 0.19 0.56 0.11 -0.21 17 14 17 20

RCP8.5 in far future
North 0.65 -0.09 -0.40 0.28 19 16 17 16
North East -0.08 1.15 1.60 1.27 15 10 10 16
Central -0.49 0.33 0.00 1.31 18 12 12 12
East -0.59 0.01 -2.07 0.44 22 15 21 19
South East -0.64 -0.72 -1.13 1.77 19 19 24 19
South West -0.61 0.25 -0.66 0.49 24 19 23 19
All region -0.19 0.09 -0.64 0.64 21 16 19 17

Table 9 Change of severity and occurrence by SPEI in future period
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Fig. 2 : Change of drought severity by SPI6 under RCP4.5 and RCP8.5
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Fig. 3: Change of drought severity by SPEI6 under RCP4.5 and RCP8.5

Consistency of severity, % Consistency of occurrence, %
Region
SPI1 SPI3 SPI6 SPI12 SPI1 SPI3 SPI6 SPI12
RCP4.5 in near future
North 0.07 -0.22 0.02 -0.41 0.85 0.95 0.91 0.87
NorthEast 0.01 0.30 0.27 0.44 0.82 0.87 0.84 0.83
Central 0.11 0.36 0.27 0.10 0.83 0.90 0.88 0.86
East 0.51 -0.27 0.33 -0.61 0.89 0.89 0.93 0.94
SouthEast 0.32 -0.45 0.33 -0.41 0.97 0.93 0.97 0.97
SouthWest 0.00 -0.54 -0.41 -0.71 0.87 0.90 0.93 0.80
All region 0.13 -0.26 -0.01 -0.44 0.87 0.92 0.92 0.86
RCP4.5 in mid future
North 0.51 0.05 0.04 -0.04 -0.04 0.45 0.42 0.22
NorthEast -0.31 0.30 0.56 0.35 -0.37 0.65 0.53 0.49
Central 0.01 0.14 0.41 0.48 -0.08 0.68 0.66 0.45
East 0.61 -0.54 -0.34 -0.57 0.01 0.56 0.80 0.76
SouthEast 0.59 -0.62 -0.25 -0.40 -0.28 0.83 0.86 0.86
SouthWest 0.45 -0.56 -0.51 -0.55 0.42 0.32 0.69 0.31
All region 0.42 -0.25 -0.14 -0.22 0.08 0.49 0.62 0.41
RCP4.5 in far future
North 0.48 0.34 0.25 -0.26 0.24 0.78 0.62 0.61
NorthEast -0.02 0.37 0.22 -0.37 -0.24 0.09 0.11 0.43
Central 0.03 0.29 0.18 -0.04 -0.08 0.55 0.54 0.37
East 0.72 0.53 0.37 -0.47 0.55 0.78 0.67 0.54
SouthEast 0.76 -0.09 0.00 -0.45 0.07 0.84 0.87 0.53
SouthWest 0.49 -0.08 -0.15 -0.57 0.22 0.59 0.59 0.44
All region 0.46 0.20 0.11 -0.38 0.20 0.67 0.61 0.50
RCP8.5 in near future
North 0.63 -0.08 0.06 -0.56 0.89 0.95 0.85 0.83
NorthEast -0.15 0.65 0.13 0.31 0.87 0.96 0.97 0.82
Central 0.08 0.53 0.07 0.21 0.87 0.98 0.98 0.86
East 0.72 -0.06 0.28 -0.31 0.96 0.94 0.93 0.89
SouthEast 0.68 -0.24 0.07 0.05 0.98 0.98 0.99 0.96
SouthWest 0.46 -0.28 -0.30 -0.52 0.90 0.95 0.96 0.89
All 0.49 -0.05 -0.02 -0.34 0.91 0.96 0.93 0.87
RCP8.5 in mid future
North 0.28 -0.26 -0.08 -0.68 0.59 0.77 0.51 -0.06
NorthEast 0.44 0.68 0.50 -0.09 -0.07 0.34 0.46 0.64
Central 0.26 0.58 0.14 -0.22 0.05 0.64 0.71 0.67
East 0.70 0.26 0.22 -0.69 0.66 0.88 0.81 0.82
SouthEast 0.62 0.31 0.64 -0.11 0.69 0.86 0.87 0.76
SouthWest 0.21 -0.31 -0.17 -0.50 0.62 0.65 0.45 0.15
All 0.34 -0.03 0.03 -0.50 0.53 0.72 0.58 0.30
RCP8.5 in far future
North -0.20 -0.04 -0.08 -0.58 0.51 0.61 0.62 0.64
NorthEast 0.13 0.24 0.20 -0.30 -0.27 0.14 0.53 0.07
Central 0.17 -0.01 -0.12 -0.22 -0.11 0.48 0.62 0.17
East 0.14 -0.46 -0.35 -0.49 0.69 0.74 0.81 0.64
SouthEast 0.34 -0.53 0.18 -0.35 0.49 0.80 0.90 0.49
SouthWest 0.12 -0.59 -0.43 -0.40 0.34 0.70 0.73 0.33
All region 0.05 -0.30 -0.21 -0.44 0.37 0.64 0.70 0.45

Table 10 Consistency of severity and occurrence by SPI in future period
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Consistency of severity, % Consistency of occurrence, %
Region

SPIl | SPI3 | SPil6 | sph2 | spi | SPI3 | SP6 | SPI2

RCP4.5 in near future
North 007 | 044 | 024 019 | 099 | 099 | o088 0.88
NorthEast | 61 | 056 | o.11 002 | 093 | 093 | 090 0.89
Central 0.54 | -0.43 0.15 0.02 0.97 0.94 0.92 0.89
East 034 | -040 | -0.56 -0.55 1.00 0.96 0.93 0.88
SouthEast | 37 | 037 | 0.2 044 | 100 | 1.00 | 096 0.85
SouthWest | 944 | .0.64 | -0.54 041 | 100 | 097 | 096 0.92
Allregion | 33 | 050 | -030 029 | 099 | 097 | 093 0.89

RCP4.5 in mid future
North 035 | 014 | 005 054 | 08 | 086 | 046 0.38
NorthEast | 59 | 057 | 0.4 023 | 048 | 078 | 069 0.73
Central 060 | -045 | 007 027 | 064 | 074 | om 0.64
East 025 | 022 | -048 032 | 085 | 085 | 083 0.65
SouthBast | 57 | 048 | -0.21 033 | o088 | 087 | o087 0.88
SouthWest | g66 | 040 | -0.43 056 | 095 | o084 | 085 0.73
Allregion | 049 | 031 | -0.19 037 | o086 | o0s4 | o071 0.61

RCP4.5 in far future
North 052 | -045 | 043 -0.40 0.94 0.90 0.89 0.77
NorthBast | 945 | 0.67 | 038 048 | 052 | 075 | 074 0.69
Central 040 | -037 | -031 032 | 072 | o068 | 075 0.59
East 057 | -0.58 | 075 0.55 0.96 0.89 0.91 0.77
SouthBast | 975 | 0.66 | -0.75 052 | 096 | 089 | 094 0.85
SouthWest | 953 | 057 | -0.69 065 | 095 | 087 | 089 0.75
Allregion | 53 | 05 | 057 051 | 090 | 086 | 087 0.75

RCP8.5 in near future
North 2030 | 059 | -0.60 034 | 099 | 099 | 096 0.92
NorthBast | 966 | -057 | -035 028 | 092 | 098 | 094 0.89
Central 069 | 053 | -059 014 | 098 | 098 | 096 0.90
East 049 | -071 | 075 024 | 099 1.00 0.99 0.85
SouthBast | 979 | 072 | -0.67 071 | 098 | 100 | 1.00 0.96
SouthWest | 965 | 070 | -0.67 063 | 100 | 099 | 099 0.93
Allregion | os4 | 064 | -0.64 040 | 099 | 099 | 098 0.92

RCP8.5 in mid future
North 040 | 030 | -037 032 | 092 | 089 | 080 0.77
NorthEast | o148 | 002 | 0.02 019 | 077 | 079 | 073 0.59
Central 033 | -006 | -008 008 | 080 | 084 | 076 0.65
East 040 | -032 | -035 -0.40 0.90 0.94 0.89 0.91
SouthBast | 51 | 032 | 032 015 | 090 | 095 | 092 0.83
SouthWest | 930 | 0.0 | -058 064 | 096 | 088 | 089 0.86
Allregion | 36 | 0.16 | 034 039 | 091 | 089 | o084 0.80

RCP8.5 in far future
North 002 | 019 | -044 013 | 096 | o088 | 0.80 0.78
NorthEast | 46 | 028 | 051 027 | 091 | 08 | 079 0.67
Central 037 | 014 | 013 028 | 095 | 088 | 081 0.64
East 0.55 | -029 | -0.63 0.21 0.99 0.90 0.87 0.82
SouthEast | 951 | 054 | -039 036 | 100 | 098 | 095 0.70
SouthWest | 48 | 0.02 | -042 009 | 1.00 | 090 | 085 0.77
Allregion | 34 | 011 | -038 009 | 098 | 089 | 084 0.75

Table 11 Consistency of severity and occurrence by SPEI in future period

6. Conclusions

From the existing severity that analyzed by SPI and
SPEI performed the moderate drought varied from -1.38 to
-1.40, while the drought occurrences by SPEI (43 to 44
times) have more frequency than SPI (32 to 41 times).

For the future change of severity of drought by SPI
slightly change from -1.41% to 2.5% under RCP4.5 and
RCP8.5, while the future change of occurrence tends to
increase 3% to 26% under RCP4.5 and RCP8.5. The future
change of severity by SPEI tends to vary -3.68% to 2.03%
under RCP4.5 and RCP8.5, while the future change of
occurrence tends to increase 3% to 37% under RCP4.5 and
RCP8.5. The drought events in near future period occurs
more frequency than other periods. From the results, it
shows that severity by SPI of North-Eastern tend to slightly
increase, while the occurrence of South Eastern, Eastern,
and South Western tend to increase.

The consistency index of severity by SPI performed
high value than severity of drought by SPEI under RCP4.5,
while the consistency index of severity by SPEI performed
high value than severity of drought by SPI under RCP8.5.
Moreover, the consistency of occurrence by SPEI
performed high value than occurrence by SPI.

Acknowledgements

The authors gratefully acknowledge the contributions
of the Thai Meteorology Department and APEC Climate
Center for CMIP5 GCM precipitation data distribution and
many thanks to Hydro-Informatics Institute (HII) for
supporting the computing facilities for this manuscript.

References

[1] Mika, J., Horvath, S., Makra, L. and Dunkel, Z. (2005) The Palmer
drought severity index (PDSI) as an indicator of soil moisture.

Physics and Chemistry of the Earth, 30, 223-230.
https://doi.org/10.1016/j.pce.2004.08.036.
[2] World Meteorological Organization, (2012) Standardized

Precipitation Index User Guide (M. Svoboda, M. Hayes and D.
Wood). (WMO-No. 1090), Geneva.

[3] Vicente-Serrano S.M., Santiago Begueria, Juan 1. Lépez-Moreno,
(2010) A Multi-scalar drought index sensitive to global warming:
The Standardized Precipitation Evapotranspiration Index - SPEL
Journal of Climate 23: 1696-1718.

[4

[}

http://spei.csic.es/home.html (accessed on 1 February 2020)

[5

—_

Keyantash, J. and J. Dracup., (2002) The quantification of
drought: an evaluation of drought indices. Bulletin of the
American Meteorological Society 83, 1167-1180.

[6] Kim, D.W. and H.R. Byun, (2009) Future pattern of Asian
drought under global warming scenario. Theor. Appl. Climatol.,
98, 137-150.



56

MAHASARAKHAM INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGY, VOL. 6, NO. 2, JULY-DECEMBER 2020

(71

(8

[t}

[9

[r

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

[21]

Giorgi, F., and X. Bi, (2005) Updated regional precipitation and
temperature changes for 21st century from ensembles of recent
AOGCM  simulations, Geophys. Res. Lett. 32, L21715,
doi:10.1029/2005GL02-4288

Vuuren, P. D. V., Edmonds, J., Kainuma, M., Riahi, K., Thomson,
A., Hibbard, K., Hurtt, G. C., Kram, T., Krey, V., Lamarque, J. F.,
Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S. J., Rose,
S. K., (2011) The representative concentration pathways: an
overview, Climatic Change, November, Vol. 109, Issue 1, pp 5-31.

Binaya Kumar Mishra, Srikantha Herath, (2014) Assessment of
Future Floods in the Bagmati River Basin of Nepal Using Bias-
Corrected Daily GCM Precipitation Data Journal of Hydrologic
Engineering March 20(8):05014027 DOI:
10.1061/(ASCE)HE.1943-5584.0001090

Mishra, B. and Herath, S. (2011). Climate projections downscaling
and impact assessment onprecipitation over upper Bagmati River
Basin, Nepal. Proc., Int. Conf. on Addressing Climate Change for
Sustainable Development through Up-Scaling Renewable Energy
Technologies, Institute of Engineering, Tribhuvan Univ.,
Kathmandu, Nepal, pp. 275-281.

McKee, T.B., Doesken, N.J., and Kleist, J. 1993: The relationship
of drought frequency and duration to time scale. In: Proceedings of
the Eighth Conference on Applied Climatology, Anaheim,
California,17-22 January 1993. Boston, American Meteorological
Society, 179-184.

Edwards D.C., McKee T.B., 1997, Characteristics of 20th century
drought in the United States at multiple scales, Atmospheric
Science, paper no. 634, May 1-30.

Abramowitz M, Stegun A (eds). 1965. Handbook of Mathematical
Formulas, Graphs, and Mathematical Tables. Dover Publications.
Inc.: New York

Wang, G., 2005: Agriculture drought in a future climate: results
from 15 global climate models participating in the IPCC 4th
assessment. Clim.Dynam., 25, 739-753.

Kim, D.-W., and H.-R. Byun, 2009: Future pattern of Asian
drought under global warming scenario. Theor. Appl. Climatol.,
98, 137-150.

Willmott, C.J. Some comments on the evaluation of model
performance. Bulletin of the American Meteorological Society
1982; 63: 1309-1313.

Willmott, C.J., Ackleson, S.G., Davis, R.E., Feddema, 938 J.J.,
Klink, K.M., Legates, D.R., et al. Statistics for the evaluation and
comparison of models. Journal of Geophysical Research: Oceans
1985; 90: 8995-9005.

Willmott, C.J., Matsuura, K. Advantages of the mean absolute
error (MAE) over the root mean square error (RMSE) in assessing
average model performance. Climate research 2005; 30: 79-82.

Yapo P. O., Gupta H. V., Sorooshian S., 1996. Automatic
calibration of conceptual rainfall-runoff models: sensitivity to
calibration data. Journal of Hydrology.v181 i1-4. 23-48

Sorooshian, S., Q. Duan, and V. K. Gupta. 1993. Calibration of
rainfall-runoff models: Application of global optimization to the
Sacramento Soil Moisture Accounting Model, Water Resources
Research, 29 (4), 1185-1194, doi:10.1029/92WR02617.

Roebber, Paul J. (1998), "The Regime Dependence of Degree Day
Forecast Technique, Skill, and Value", American Meteorological

Society -- Weather and Forecasting, 13 (3): 783-794,
Bibcode:1998WtFor..13..783R, doi:10.1175/1520-
0434(1998)013<0783:TRDODD>2.0.CO;2

[22] Murphy, Allen H. (1988), "Skill Scores Based on the Mean Square
Error and Their Relationships to the Correlation Coefficient”,
American Meteorological Society -- Monthly Weather Review,
116  (12):  2417-2424, Bibcode:1988MWRv..116.2417M,
doi:10.1175/1520-0493(1988)116<2417:SSBOTM>2.0.CO;2

Biographies

Somphinith Muangthong received her
Doctor of Engineering Degree in Water
Engineering and Management from
Asian Institute of Technology, in 2012.

Presently, she is a lecturer in the
Department of Survey Engineering,
Faculty of Engineering and Architecture,
Rajamangala University of Technology Isan. Her current
research interests include flood and drought forecasting and
managements.

Winai Chaowiwat is a researcher at
Hydro Informatics Institute (HII) in
Thailand. The research area 1is the
statistical ~downscaling, hydrological
model, climate change, water demand
and, in particular, the impact and
adaptation.

Kanoksri Sarinnapakorn is currently a
researcher at Hydro Informatics Institute
(HID) in Thailand. She is interested in
employing dynamical, statistical
machine learning methods and data
mining techniques to improve the
performance of weather and climate models and, in
particular, the seasonal and extreme events prediction.

Khanittha Chaibandit received her
Doctor of Engineering Degree in
Agricultural Engineering from Khon
Kaen University, Thailand in 2018.

Presently, she is a lecturer in the
Department of Agricultural Machinery
Engineering, Faculty of Engineering and
Architecture, Rajamangala University of Technology Isan.
Her current research interests include flooding and water
managements.




