International Journal of Environmental Science and Development, Vol. 12, No. 12, December 2021

Analysis and Prediction of Meteorological Drought Area
by Using Standardized Precipitation Index in Northeast,
Thailand
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Abstract—The objectives of this work are: 1) to monitor the
trend of rainfall data in in-season rice field period of Thailand
(April to August). 2) to analyze meteorological drought by
Standardized Precipitation Index : SPI in Northeast Thailand
in in-season rice field period of Thailand and 3) to predict the
rainfall data in in-season rice field period of Thailand of 2021.
The average monthly rainfall data in April to August of 1990 —
2020 were gathered from 31 meteorological stations covered
Northeast area of Thailand by Meteorological Department of
Thailand. The data were used to draw trend of monthly average
rainfall to track a change of rainfall in the period. Then, these
were used to create distribution of meteorological drought
characteristics maps under SPI criteria. Moreover, Single
Moving Average model is used to predict the rainfall data with
the lowest MAPE at 11.13 percentage. The results show that the
higher meteorological drought risk area was always found in
south-west side of the region in June to August. Moreover,
average monthly rainfall increases from April and hit the peak
in July and August. The trend of total monthly rainfall in
in-season rice field period fluctuates along the study period with
average value at 977.98 millimeters and its trend tends to be
decreased at 0.1052 millimeters per year.

Index Terms—Meteorological drought, drought in Thailand,
standardized precipitation index, rainfall change.

. INTRODUCTION

Drought is one of major natural problem which many areas
in Thailand must face in many years. This problem effect to
ecosystem and various activities especially, agriculture.
Northeast Thailand also faces with this problem every year
because of the location of the area which is located far from
ocean thus, humidity is hardly pass through the area to form
rain. However, this area only gains rainfall from 2 -3 tropical
cyclone which are transported to the area. Moreover, this area
is covered by sandstone and Sandy soil thus, it is hard to
storage the water for using in all activities. From this
composition lead this region to face with drought [1].

One of agricultural activity which is wildly found in this
region is rice faming. In 2018, there was 59,005 squares
kilometers of rice filed in this region [2]. In-season rice field
period of Thailand starts from April to August in every year
and this activity need so much of water thus, water
management is necessary in this period.

Standardized Precipitation Index or SPI is widely used to
reflect the lacking in rainfall in the area which is the one of
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important parameter to present the drought in the area. This

index is simple method which using only average monthly
rainfall data to analyze the drought characteristics over the
area. If the SPI value is positive, it means there are high
humidity due to higher rainfall, however; if SPI value is
negative, it means the area has a chance to face with drought
problem due to lower rainfall than usual [3].

From the problems which mentioned above bring authors
to this work. The objectives of this work are 1) to monitor the
trend of rainfall data in in in-season rice field period of
Thailand (April to August). 2) to analyze meteorological
drought by Standardized Precipitation Index : SPI in
Northeast Thailand in in-season rice field period of Thailand
from 1990 to 2020 and 3) to predict the rainfall data in
in-season rice field period of Thailand of 2021. The results of
this work can be used to manage the water in the area to
protect drought risk.

Il. MATERIALS AND METHODS
A. Study Area and Data
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Fig. 1. Study area of Northeast of Thailand.
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This work focused on Northeast area of Thailand, which
was covered 20 provinces, around 10,218 square kilometers;
defined by Thai Meteorological Department [1], [4]. The
study area is presented in Fig.1. Moreover, the study used
average monthly rainfall data in in-season rice field period of
Thailand (April to August) from 1990 to 2020, which were
collected by Thai Meteorological Department from 31
meteorological stations over northeast area of Thailand. The
stations’ location and detail are illustrated in Fig. 1 and Table
l.

TABLE |. METEOROLOGICAL STATIONS IN NORTHEAST AREA OF
THAILAND. [4]

Station No. Lat. Long.
48350 17°24734.6'N 101°4346.9'E
48352 MTCpMENGNYL b MHCMPEOIM) 9
48353 MTCHTEDIO) b mnmenoépnipl 9
48354 MTCHHEOTIPL b MAHcny£ontcl 9
48355 mTcTéONM) b mnncoéomic 9
48356 MTChEMTIPL b mnncyémotol 9
48357 MTcHNEOYpl b mnncncépTiol 9
48358 mTcMcEopiml b MANCMCEHPOHD 9
48360 mTcmoépcicl b MAHCHpENCHN) 9
48381 MCCHTEOMIT! b MAHCNTEHH?CL 9
48382 mcemnénodol b MnocnémniTl 9
48383 MCCOHEHMIM! b mnncnoénniT) 9
48384 MCCHNETOC) b MAHcndEocimMl 9
48390 mcempéppiol b MoocopEMpIMD 9
48403 mcenyEnHig! b MAHCMENPOML 9
48404 mcenénoicl b mnococéondni 9
48405 mccogctpl b mnocodEpmbyl 9
48407 mpemnéoyl b MANCPHEHDIPN 9
48408 mpeMnéHNIR) b mnpeMéHNeC) 9
48409 MpCPETIML b mnnemdépniol 9
48416 mpeMyEpyicl b mnocnnéndool 9
48431 mncpy£pttl b MITHCPEDITL 9
48432 MMCPHEHCIHL b MIOCH(EPYITL 9
48433 MNCPOEHTINY b MIOCHTEYt() 9
48434 mnennéMcT! b MTHCMAEPSHL 9
48435 mncoygominl b MaMeMpEMTIN) 9
48436 mncoTEpMIpl b MAIHcnoEMCipl 9
48437 MPCMOEOH!IT! b M0CMNEPOOMI 9
48363 MycHnéndl b MNIOCOMENGH) 9
48391 mpcpnémodpl b MAncoTEPL 9
48406 mpcnTenmiyl b MANCMHEPMIT] 9

B. Meteorological Drought Monitoring by SPI

There are two steps to monitor drought risk in this work.
Firstly, average monthly rainfall data of 1990 to 2020 in April
to August of Northeast of Thailand were gathered to draw
line graph of average monthly rainfall trend of April to
August and total rainfall trend of in-season rice field period
of Thailand to monitor a change of rainfall in this season by
using Linear method. This step was prepared by excel
program. For the next step, all average monthly rainfall data
were used to detect drought area under SPI criteria as the Eq.
(1) [3], [5]-[7]- Then, all SPI index results after using this
equation were categorized by the criteria in table II.

30) Q)
whereas; & is average monthly rainfall data of each month
of each meteorological station, & is average monthly
rainfall data of each month of all meteorological stations
which are used in the work and ,, is standard deviation of
average monthly rainfall data.

Then, the meteorological drought maps were draw by
raster interpolation method. (Kriging) to present the
distribution of drought characteristics in the area in each
month and each year. Drought analysis is necessary from this
process.

TABLE I1: DROUGHT CHARACTERISTICS BY SPI CRITERIA. [3], [6]

Drought SPI Weight Color in
characteristics Index Map
No drought 0.01to > 1
2.00

Mild drought -0.99 to 2
0.00

Moderate -1.00 to 3

drought 1.49

Severe drought -1.50to 4
-1.99

Extreme <-2.00 5

drought

373

C. Meteorological Drought Prediction by SPI in 2021

There are three equations which can be used to forecast the
average monthly rainfall data, which are Single Moving
Average model as Eq. (2) [7] - [8], Simple Exponential
Smoothing model as Eq. (3) [7] - [10] and Double
Exponential Smoothing (Holt’s model) as Eq. (4), (5), (6). [7],
[11]
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whereas ‘00 is the predicted rainfall in time 0, @0 is the
observation rainfall in time t and n is the number of times
which are used to calculate the average rainfall.| is the
constant smoothing parameter and significance or weight
given to the data in time t, while a range from 0 to 1. If| is
low, more weight will be given to data in the past. If| is high,
more weight will be given to recent data. m is the future time
and equal to 1.7 is the smoothing constant for the actual and
estimated trend.

The rainfall prediction data from these three equations
were compared the error between observation data and
predicted data by using the mean absolute percentage error
(MAPE) as Eqg. (7). The suitable equation which was selected
to predict the rainfall data for drought risk analysis must give
the lowest MAPE. [12]

—10% (7
whereas; U is observation data, O is Predicted data, n is
number of total observation data or predicted data.

After the suitable equation is selected, the forecasting data
will be calculated. Then, the predicted rainfall data of each
month were used to define the drought by using SPI criteria
as in Eqg.1 and Table Il. Next, meteorological drought maps
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using SPI will be created to present the distribution of
drought characteristics over the region. From this process,
drought prediction analysis is performed.

IIl. RESULTS

A. Meteorological Drought Analysis by SPI in the Past
(1990-2020)

1) Rainfall change and its trends

The rainfall trends of each month were created by excel
program to monitor the rainfall change of April to August in
the study area. The line graphs of fig. 2 (upper) presented that
the monthly average rainfall started to rise from April then, it
gradually increased and hit the peak in July and August of
each year. Furthermore, the average monthly rainfall of these
five months was about 195.60 millimeters. However, trend of
total rainfall of this region in in-season rice field period of
Thailand (April to August) was built by linear method as
shown in Fig. 2 (Lower). The trend of total rainfall was
fluctuated with the total rainfall averaging at 977.98
millimeters. Moreover, the total rainfall decreased by 0.1052
millimeters per year.

Trend of Average Monthly Rainfall of Northeast Thailand
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Fig. 2. (Upper) trend of average monthly rainfall of Northeast Thailand in
April to August. (Lower) trend of total rainfall of Northeast Thailand of
in-season rice field period.

2) Meteorological drought analysis

The meteorological drought maps of each month in this
study period using SPI as illustrated in Fig. 3 - 7 were created
by raster interpolation method (Kriging). The maps of April,
May, June, July, and August presented that area of Mild
drought level are the largest area in all maps following by the
area of No drought level, Moderate drought level, Severe
drought level and Extreme drought level, respectively.
However, there are no exact drought patterns of April and
May in this region. In contrast, the drought area of June, July
and August is always distributed around south-west side of
region especially, Nakhon Ratchasima, Chaiyaphum,
Buriram and Khon khan Province. The severe drought level
and extreme drought level are seldom found in May 2004,
June 1995, June 2000, and July 2013.

Fig. 3. Meteorological drought maps using SPI in April of 1990 to 2020.

Fig. 4. Meteorological drought maps using SPI in May of 1990 to 2020.

Fig. 5. Meteorological drought maps using SPI in June of 1990 to 2020.

B. Meteorological Drought Prediction by SPI of 2021

There are three equations for monthly rainfall forecasting:
Single Moving Average model, Simple Exponential
Smoothing Model and Double Exponential Smoothing.
These equations were compared an error between
observation data and Forecasting data by MAPE as Eq. (7).
The results show that Single Moving Average model is a
suitable equation to predict monthly rainfall data by giving
the lowest MAPE with 11.13 percentage as presented in
Table 1. Therefore, Single Moving Average model was used
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to predict the monthly rainfall data of April to August in 2021
and the predicted data were illustrated in Table IV.

Fig. 6. Meteorological drought maps using SPI in July of 1990 to 2020.

Fig. 7. Meteorological drought maps using SPI in August of 1990 to 2020.

Meteorological drought maps of April to August in 2021
using SPI were created to analyze meteorological drought
risk area in Northeast Thailand as illustrated in Fig. 8. The
map of April 2021 presented that the area of Mild drought
level is largest area in this month with 63.46 percentage of
area following by No Drought Level, Moderate Drought
Level and Severe Drought with 27.87, 8.16 and 0.52
percentage of area, respectively. Moreover, the most drought
risk area is usually located around the boundary of region
especially in east side of area. Then, the map of May 2021
illustrated that Mild drought level is largest area in this month
with 59.93 percentage of area. Following by No Drought
Level, Moderate Drought Level and Severe Drought with
32.40, 7.18 and 0.49 percentage of area, respectively. The
most drought risk area distributed over the region especially,
Nakhon Ratchasima Province. Next, the map of June, July
and August 2021 explained that these maps have same
drought pattern. The Mild drought level is largest area in this
month. Following by No Drought Level and Moderate
Drought Level. The most drought risk area is located at
southwest of region; however, Severe Drought Level and
Extreme Drought Level is not found in last 3 months of 2021.
All predicted maps presented in Fig.8.

TABLE I11: MEAN PERCENTAGE ABSOLUTE ERROR FROM MONTHLY
RAINFALL PREDICTION EQUATION

Equation MPAE
Single Moving Average model 11.13
Simple Exponential Smoothing model 11.74
Double Exponential Smoothing 15.26

TABLE IV: MONTHLY RAINFALL DATA, PREDICTED BY SINGLE MOVING
AVERAGE MODEL

Station No. Apr May Jun Jul Aug
48350 71.42 179.04  156.18 157.28 218.84
48352 61.86 301.28  243.44 308.48 488.64
48353 68.70 195.80  155.04 174.04  209.00
48354 67.72 216.14  251.86 196.24 309.58
48355 70.58 272.10  208.90 391.12 313.88
48356 62.12 185.60 273.00 403.64 283.46
48357 103.84  247.84  326.56 584.16 500.36
48358 87.80 194.84  257.06 542.70 420.32
48360 80.08 210.64 183.96 136.50 243.64
48381 87.88 165.16  159.56 190.30 193.86
48382 109.74  208.40  136.02 249.16 318.20
48383 37.66 155.76 ~ 219.06 41578 377.20
48384 77.72 229.46  167.18 176.64 18294
48390 54.26 190.10  151.78 237.36 275.44
48403 71.56 172,78 12798 129.94 150.90
48404 89.36 181.82 15212 208.60 347.58
48407 79.08 24540  267.76 314.46 28594
48408 44.02 219.92 28234 31240 26354
48409 47.00 222.12  159.36  265.32 247.96
48416 76.62 161.10  130.54 228.68 206.80
48431 45.70 148.82  149.34 13362 185.88
48432 47.14 192.14 17210 219.70  260.22
48433 61.46 178.74  167.10 23454 220.44
48434 67.20 139.68  133.28 102.36 135.62
48435 90.28 176.44  119.28 117.16 146.76
48436 81.16 171.08 99.76  199.32 187.28
48437 64.84 21424  167.36  187.48 209.26

Drought Risk Area (SPI) of Norteast Thailand Drought Risk Area (SPI) of Norteast Thailand
April 2021 "

Drought Risk Area (SP) of Norteast Thailand | Drought Risk Area (SPI) of Norteast Thailand | Drought Risk Area (SP) of Norteast Thailand
1 June 2021 1 July 2021 [ August 2021

Fig. 8. Meteorological drought maps of April to August in 2021.

1V. DiscussioN AND CONCLUSION

The drought risk in in-season rice field period of Thailand
(April to August) from 1990 to 2020 was important to
monitor because of the needs of water for agriculture
especially, rice. For the trend line of rainfall in this period
prove that the rainfall has the change to dwindle by 0.1052
millimeters per year. This can prove that the rainfall situation
in this region has the chance to face with drought risk
problem in the future. There were no patterns for
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meteorological drought characteristics under SPI criteria in
April and May because of Thunderstorms cannot be
predicted. However, there were exact drought characteristics
pattern in June to August. The higher drought level was
located around south-west side of the region then, it was
decreased around east side of study area. This phenomenon
always happened because of tropical clone which always
pass-through Northeast region in this period by the east side
thus, it is normal that east side of the area has lower chance
than west side to face with drought risk.

For the drawback of this work, only average monthly
rainfall data in Northeast area were used to analyze the
meteorological drought by using just SPI method. This might
not be enough to monitor the exact impact of drought risk in
this region. However, there are many methods to monitor the
drought in Thailand such as Generalized Monsoon Index
(GMI) and Meteorological Drought Index or D method with
different types of data such as air temperature, topography
pattern, slope pattern, human activities, relative humidity,
Land use pattern, evaporation, etc.
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