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Abstract

The standardized precipitation index (SPI) is used to characterize precipitation when evaluating drought 
intensity over a range of timescales. From a statistical point of view, an appropriate standardization 
method depends on the limitations of the input data to make them effective as SPI values. For this 
reason, a modified SPI (TSPI) based on selecting an appropriate transformation for the distribution of 
the precipitation data is introduced in the present study. Firstly, a number of appropriate distributions 
were found to fit the seasonal rainfall data during the period of 1957–2014 for the Ping River in northern 
Thailand, and secondly, numerical analysis for various situations was carried out to compare the SPI 
and TSPI for each selected distribution. The results show that the TSPI performed well for all of the 
situations in the study. Finally, the TSPI was applied to identify rainfall characteristics in the data from 
three rain gauging stations on the Ping River in northern Thailand. The TSPI is recommended as an 
appropriate alternative to the SPI for drought analysis when limited to a small sample size such as the 
precipitation distribution of interest in this study.
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1. Introduction

 A drought is a natural disaster caused 
by below-average precipitation in a region, 
resulting in water shortage in an area for an 
extended time, which can have impact on 
agriculture, local economy and ecosystem.  
In Thailand, drought occurs two periods, the 
first being the winter season to the summer 
season and second period being the middle of 
rainy season, which main cause of drought is 
insufficient rain. A drought in Thailand has a 
direct impact on agriculture including the soil 
lacks moisture and dehydrated plants, resulting 

in low quality agricultural produce and reduced 
quantities. 
 The Standardized Precipitation Index (SPI) 
developed by Mckee et al. (1993) is a popular 
and widely used method to indicate severe 
drought intensity and to monitor drought levels. 
Computation of the SPI uses the distribution 
of precipitation data during the specific 
time-period of interest and transforms it to a 
standard normal distribution after first fitting 
it to a gamma distribution. The transformed 
precipitation data are used to compute the SPI 
by the difference in precipitation (P) and the 
mean divided by the standard deviation (SD) 
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from past records: 

     (1)

 In general, researchers try to find 
an appropriate distribution to specify the 
precipitation distribution under each area 
and time period in the study data of interest. 
MeKee et al., (1993) fitted rainfall data to 
a gamma distribution. Yue and Hashino 
(2007) investigated the probability of seasonal 
precipitation in Japan; spring season, the 
Pearson type III distribution the best fitted 
for spring precipitation, Log- Pearson type III 
the best fitted for summer and winter season 
and 3-parameter lognormal the best fitted for 
autumn season.  Zhang et al. (2009) identified 
the lognormal distribution as the best fit for 
the rainfall data from the Pearl River in China. 
In the state of Sao Paulo, Brazil, Gabriel (2011) 
fitted the rainfall data as a Pearson Type III 
distribution, while Khamkong and Bookamana 
(2011) applied generalized extreme value 
distributions to the annual monthly maximum 
rainfall data in upper northern Thailand (the 
first study on modeling annual maximum daily 
rainfall for this area). Moreover, Yusof and Hui-
Mean (2012) fitted the rainfall data for the state 
of Johor, Malaysia as a Weibull distribution. 
 When applying the SPI to evaluate 
drought intensity, it is a necessary condition 
to transform a non-normal distribution to a 
normal distribution. The SPI is transformation 
data from non-normal distribution to normal 
distribution when the sample is large. But 
distribution of the amount of rain in Thailand 
has right –skewed distribution because there 
is no rain in some months. Moreover, long-
tail or right-skew distribution, if using SPI 
transforms data to normal distribution, data 
may not have normal distribution. Therefore, 
we should find methods to transform the 
data that is appropriate for the data before 
calculating the SPI values. There are a variety 
of ways to achieve this, such as Krishnamoorthy 
et al. (2008)’s suggestion to use either a cube-
root or fourth-root for transformation of 
gamma distribution data to normal data. In 
addition, Yeo and Johnson (2000) proposed 

an effective method to transformed right-
skewed data to a normal distribution, while 
Watthanacheewakul (2012) improved the Box–
Cox power transformation for transforming 
skewed data to a normal distribution. Later 
on, Chaito and Khamkong (2018) proposed 
a transformation method that improved the 
Box and Cox power transformation and found 
that it was effective in transforming Weibull 
data to a normal distribution. Furthermore, 
Arkadiusz et al. (2014) applied the Box–Cox 
power transformation to calculate the SPI value 
in Eastern Kujawy (Central Poland) and found 
that the Box–Cox power transformation was 
effective in transformation monthly rainfall 
data.
 In this paper, seasonal rainfall data for 
the Ping River in northern Thailand during 
the period from February 1957 to September 
2014 from three meteorological stations was 
used in the analysis. The aims of this study 
were as follows: 1) to find an appropriate 
distribution in representing the seasonal 
rainfall data for the Ping River in northern 
Thailand, 2) to modify the SPI (TSPI) based on 
a selected appropriate transformation for each 
precipitation distribution of the data of interest 
and 3) to apply the TSPI in order to evaluate the 
rainfall data characteristics of the Ping River in 
northern Thailand.

2. Materials and methods

2.1 Study area and data
 Monthly precipitation data during the 
period from February 1957 to September 2014 
used in this study were obtained from the 
Hydrology and Water Management Centre 
for the Upper Northern Region of Thailand 
(2015, in mm). The Ping River in northern 
Thailand is the origin of the major tributaries 
of the Chao Phraya River in the central region 
of Thailand (Figure 1a). Data from three rain 
gauging stations at Doisaket, Maetang and 
Mueang Chiang Mai (Figure 1b) was selected 
for the study. The rainfall data were divided 
into four months using the criterion for Thai 
seasons determined by the Meteorological 
Department of Thailand (2015): the summer 
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season (February to May), the rainy season 
(June to September) and the winter season 
(October to January of the following year)

2.2 Types of Distribution
 The motivation for the current work was 
to find an appropriate distribution to represent 
the seasonal rainfall data for the Ping River 
in northern Thailand, which was found to be 
right-skewed. Consequently, a selection of 
right-skewed distributions and their parameter 
estimations using the maximum-likelihood 
method are reported in Table 2.
 Note that it is difficult to select an 
appropriate distribution for rainfall data, and 
many researchers have studied the goodness 
of fit for selecting an appropriate model. In 
this paper, the model selection criteria used 
for selecting an appropriate distribution of 
rainfall were the Akaike information criterion 
(AIC: Akaike, 1973) and the Anderson-Darling 
(AD: Anderson and Darling, 1952) test. AIC is 
defined as
     (2)

 where k is the number of parameters in 
the model and L is the maximized value of the 
likelihood function for the model.

The AD test is written as

                (3)

 where n is the sample size, F(.) is the 
expected CDF and xi are the ordered data.
 Moreover, Laio et al. (2009) reported 
that the AD test outperformed AIC when 
testing three parameters of the distribution 
whereas AIC was better for two parameters. 
Consequently, the best model for rainfall data 
with the smallest AD value and smallest AIC 
indicates that a distribution is appropriated.
 Table 3 and Figure 2 indicate the best 
fitting distributions for the rainfall data 
from the Doisaket and Maetang stations: a 
Weibull distribution for the summer season 
and a gamma distribution for the rainy and 
winter season. For the Mueang Chiang Mai 
station, a lognormal distribution and a gamma 
distribution were the best fits for the summer 
and winter season rainfall data, respectively. 
Furthermore, a normal distribution was 
appropriate for the rainy season rainfall data 
from this station. Subsequently, the parameter 
estimates for each distribution are shown in 
Table 4.

Table 1. Information about rain gauges

Figure 1. (a) Geographical location of northern Thailand. (b) Position of the three meteorological stations 
on the Ping River in northern Thailand. 
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Table2. Summary of selected distributions in this study 

2.3 Transformation Methods
 The results in Section 3.1 indicate that 
appropriate distributions for the seasonal 
rainfall data for the Ping River in northern 
Thailand are gamma, Weibull and lognormal 
distribution, depending on the rain gauging 
station and season. In order to compare the 
performance of the transformation of each 
distribution to a normal distribution based 

on the results of Chaito et al. (2016), the 
possibilities are as follows.

 - Box and Cox transformation:

     (4)

 where λ is a transformation parameter
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Figure 2. Comparison of histogram and theoretical densities for the tested distributions for the three rain 
gauging stations on the Ping River.

Table 3. Summary of selected distribution using the AIC and AD statistics for three stations on the Ping

 - The Cube-root transformation for the 
gamma distribution (Krishnamoorthy et al., 
2008):
             (5)
 

- The lognormal distribution using log 
transformation:

                (6)
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 - The Weibull distribution transformation 
using modified Box and Cox transformation 
technique (Chaito and Khamkong, 2018):

               (7)

 where λ is a transformation parameter,

               with         as the mean,  is

    , Q2 is the 2nd quartile and n

 is the sample size. In this paper,       is expressed

 as                                     .

 
 Parameter estimation of Box and Cox 
transformation (4) and modified Box and 
Cox transformation (7) are carried out using 
the maximum likelihood estimate of the 
transformation parameter (λ) as

                   (8)

                  (9)

2.4 Standardized Precipitation Index (SPI) and 
Trend Analysis
 Classifying dry and wet events during 
the seasonal rainfall data for the Ping River in 
northern Thailand was carried out by applying 
the SPI, the criteria for which are shown in Table 
5.
 Dry and wet periods were then detected 
using the Mann–Kendall trend test (Mann, 
1945; Kendall, 1975) given by

                (10)

 For which the average and variance of the 
K test are

                          , repectively.  (11)
 where m indicates the number of groups 
of tied ranks, each with tied observations. 

Table 4. Maximum-likelihood estimates of the selected distribution’s parameters and descriptive statistics 
for the three stations on the Ping River

Table 5. SPI categories based on SPI values
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 The standardized statistics (Z) for the 
trend analysis is defined as 

                 (12)

 A positive Z value indicates a drought 
trend as opposed to a wet trend. In this research, 

statistical significance at the 95% confidence 
level (p < 0.05) was used in the trend analysis.
   
2.5 Numerical Studies Methodology
 In order to compare the performance of 
for each distribution based on the discussion in 
section 3.2, simulation studies were conducted 
using the R statistical program (R Core Team, 
2013) to generate random samples from 
gamma distribution, lognormal distribution 

Table 6. Comparisons percentage normal distribution of SPI, BSPI and TSPI method from various 
distributions

Figure 3. (a) simulation study of SPI method and (b) simulation study of TSPI and BSPI method
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Figure 4. TSPI and linear trend for the three rain gauging stations on the Ping River

Table 7. TSPI percentages for the three rain gauging stations on the Ping River

Table 8. Mann-Kendall trend testing for the three rain gauging stations on the Ping
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and Weibull distributions with samples and 
parameters using the rainfall data from the 
three rain gauging stations (Table 4) based on 
1,000 replications. All of the experiments were 
performed for different sample sizes (n = 15, 
30, 50, and 100). The criterion for comparing 
the performance of SPI, BSPI and TSPI was 
the transformation percentage to a normal 
distribution. The simulation process shows in 
Figure 3.

3. Results and Discussion

3.1 Simulation Study
 The results in Table 6 indicate that overall, 
the performance of the TSPI was better than 
the SPI. For gamma data, the SPI method had 
a decreased percentage of data transformation 
to a normal distribution when the sample size 
increased whereas the opposite was true when 
the scale parameter increased. For the TSPI, 
using the fourth root transformed the data 
to a normal distribution by more than 97%, 
thus when sample size increased, the TSPI 
transformed the data to a normal distribution 
more so than the SPI. 
 For lognormal data, the SPI showed a 
decrease in percentage transformation to a 
normal distribution when the sample size, 
location parameter and scale parameter 
increased. The TSPI logarithmically transformed 
the data, after which they fitted perfectly to a 
normal distribution under all experimental 
conditions. 
 For Weibull data, the SPI showed an 
increase in percentage transformation to a 
normal distribution when the sample size 
decreased and scale parameter increased. The 
TSPI using modified Box and Cox transformed 
the data to a normal distribution by more than 
90%. When the sample size increased, the data 
transformation decreased. 
 Furthermore, the results of simulation 
between BSPI and TSPI showed that TSPI had 
more effective in transformation to normal 
distribution than BSPI for gamma data and 
lognormal data. Weibull data, the percentage 
transformation to a normal distribution of BSPI 
and TSPI were not difference in some cases and 

TSPI had percentage normal distribution more 
than 90%.

3.2 Rainfall Data Study
 The evaluation of drought by applying 
the TSPI to each distribution is exhibited in 
Figure 4. The Doisaket station had extremely 
dry conditions during the summer season 
in 1991 and 1992, the rainy season in 2000 
and 2009 and the winter season in 1957. The 
Maetang station had extremely dry conditions 
during the summer season in 1963 and 1983 
and the rainy and winter seasons in 1979 and 
1966, respectively. The Mueang Chiang Mai 
station had extremely dry conditions during the 
summer season in 1962 and 1992 and during 
the winter season in 2003.
 Table 7 shows season classification and 
drought analysis using the TSPI. The results 
indicate that all of the rain gauging stations had 
the highest TSPI value at near normal for all 
three seasons (63.16 -70.18%). The rainy season 
data from Maetang station and the summer 
season data from Mueang Chiang Mai station 
had the highest TSPI at near normal. For the 
Doisaket station, the summer and rainy season 
data had the lowest TSPI (3.51%), indicating 
extremely dry conditions, as was also the case 
for the winter season (1.76%). For the Maetang 
station, the lowest TSPI values classified the 
summer, rainy and winter seasons as extremely 
dry (3.51%), severely dry (3.51%) and extremely 
dry (1.75%), respectively. Lastly, the lowest 
results from the Mueang Chiang Mai station 
characterized conditions as extremely dry 
(3.51%) in the summer and winter seasons.
 A trend analysis of the seasonal rainfall 
data from the three rain gauging stations was 
carried out using the Mann–Kendall trend test 
at the 95% confidence level, the results which 
are shown in Table 8 and correspond with linear 
trend in Figure 4. These show that the Doisaket 
and the Maetang stations had a drought trend  
in the rainy season and the Mueang Chiang Mai 
station had a rain trend in the summer season.



41

T. Chaito et al.  / EnvironmentAsia 12(3) (2019) 32-42

4. Conclusions

 The simulation results showed that right-
skewed distributions could be transformed 
to a normal distribution by various data 
transformations. Furthermore, SPI could 
transform data to normal distribution less 
than BSPI and TSPI, Which was a way to find 
transformation methods to fit data, every 
various parameters and sample sizes. Thus, 
we should find methods to transform before 
calculating the SPI values.  
 Rainfall data from three rain gauging 
stations on the Ping River at Doisaket, Maetang 
and Mueang Chiang Mai, Thailand, classified by 
season had mostly right-skewed distributions. 
The evaluation of drought conditions of each 
of the TSPI-transformed distributions found 
that the summer season had extremely dry 
conditions in 1962, 1963, 1983 and 1992; the 
rainy season had extremely dry conditions in 
1979, 2000 and 2003; and in 1957 and 1966, 
there were extremely dry conditions in the 
winter season. These findings are consistent 
with Agro-Meteorological Academic Group 
Meteorological Development (2011), Thailand 
who reported that in 1967 to 1993, there were 
drought conditions in northern and central 
Thailand because of insufficient rainfall. 
Moreover, the effects of drought also cause 
damage to Thailand in many sectors, such as 
water shortage for consumption, agriculture 
and husbandry.  In 1979, damage from drought 
affected the agriculture and industries such 
as power generation and affecting the people 
in the country because of lack of water for 
consumption. In 1990–1993, drought affected 
the agriculture because water in various dams 
and reservoirs are below levels, causing the 
agricultural sector could not be able to use 
water for farming and husbandry. For drought 
conditions to be noted in Thailand, two 
periods of insufficient rainfall are required, the 
first being the winter season to the summer 
season (after October to May of next year) 
and second period being the middle of rainy 
season (June to July). EL Nina and La Nina 
of precipitation of Thailand; which EL Nina 
had annual precipitation lower standard 

precipitation conditions in 1991-1992, 1997-
1998, 1987 and 1982-1983, which La Nina had 
annual precipitation over standard precipitation 
conditions in 1999 – 2000, 1988, 1974 – 1975 
and  1954 – 1956. Therefore, as demonstrated 
in this study, an appropriate transformation of 
rainfall data for analysis by the standardized 
precipitation index is recommended.
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