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Abstract

The statistical modeling of Thai seasonal precipitation data is crucial for the effective planning and
management of the country’s hydrological operations. There are two aims of this study: 1) to find an appropriate
two-parameter statistical distribution to represent seasonal rainfall data from the Doisaket rain gauge station in
northern Thailand and 2) to analyze the effect of seasonality on the rainfall data distribution. Two-parameter
distributions, namely Weibull, gamma, lognormal, normal, Lindley exponential, and generalized exponential,
were used to determine the best-fitting model of seasonal rainfall data from the Doisaket rain gauge station in
Thailand. It was found that the gamma distribution with two parameters was the best fit, as indicated by the
minimum values for the Akaike information criterion and the Anderson-Darling goodness-of-fit criterion. In
addition, gamma regression showed that the precipitation amount during the rainy season affects that in the cold
season. The approach and outcomes of this study could be useful for involved government agencies to strategically
plan and manage water resources and to effectively prevent rain-related disasters in the Doisaket area.

Keywords: Model selection, Positively skewed, Thai seasonal rainfall data, Gamma regression, Correlated
gamma.
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1. Introduction

In Thailand, the selection of an appropriate statistical distribution for seasonal precipitation data is
important for water management. The characteristics of rainfall data for Thailand are influenced by the southwest
monsoon in the rainy season (mid-May to October) and the northeast monsoon in the cold season (November to
February) (Chaowiwat et al., 2016). Statistical distributions for precipitation data are selected based on statistical
information criteria, goodness-of-fit testing, or by graphical methods for convenience. Many hydrological
researchers have determined suitable statistical distributions to fit the rainfall data for a variety of study areas and
durations. McKee et al. (1993) used a gamma distribution to evaluate drought based on standardized precipitation.
Markovic recommended two-parameter lognormal and gamma distributions for fitting the annual precipitation
data in the western USA and southwestern Canada (Hydrology Papers no. 8, Colorado State University, 1965).
Yue and Hashino (2007) investigated the statistical distribution of annual, seasonal, and monthly rainfall data in
Japan and concluded that the Pearson type-1l1, log-Pearson type-l1l, and lognormal distributions are suitable for
fitting precipitation data. Yusof and Hui- Mean (2012) considered the exponential, gamma, and Weibull
distributions to fit the rainfall data in the state of Johor, Malaysia, and found that the Weibull distribution was the
best.

In Thailand, Khamkong and Bookkamana (2015) investigated the generalized extreme value (GEV)
distribution for the annual maxima of daily (AMR1) and two-day (AMR2) rainfall data in upper northern Thailand.
They concluded that the data fit the GEV model for location parameter changes depending on a quadratic trend
for only one station whereas the data from the others were successfully fitted with stationary GEV models from
AMRL1. Chaito and Khamkong (2018) and Chaito et al. (2019) investigated an appropriate transformation to
determine the standardized precipitation index under gamma, Weibull, and Pearson Type-Il1 distributions to best
fit the monthly rainfall data in upper Northern Thailand. To effectively select an appropriate statistical model,
there have been many studies that have compared a variety of methods for estimating parameters in a Weibull
distribution (Chang, 2011; Werapun et al., 2015). The maximum likelihood estimation ) MLE( method seems to
be the best choice for parameter estimation for large sample sizes. Pakoksung and Takagi (2016) applied MLE
methods to estimate the parameters of zero-inflated Weibull and gamma distributions and investigated the best-
fitting statistical distribution for monthly rainfall data in Thailand . Furthermore, Jaithun and Khamkong (2017)
evaluated the performance of three methods for estimating the parameters for a zero-inflated gamma distribution
using the precipitation data from six rain gauge stations on the Yom River in northern Thailand. They concluded
that the MLE and expectation-maximization algorithm methods were suitable for the parameter estimation method
whereas the moment method was not. However, studies on the comparison of different statistical models for two-
parameter distributions in fitting seasonal rainfall data and the effect of seasonal rainfall data variation in Thailand
are relatively rare.

Therefore, there are two objectives of this study: 1) to find an appropriate two-parameter statistical
distribution to fit the seasonal rainfall data from the Doisaket station in northern Thailand and 2) to analyze the
effect of seasonality on the rainfall data distribution.

2. Methodology

In this section, we describe the characteristics of the data and the methodology for appropriate modeling
of the seasonal rainfall data from the Doisaket rain gauge station.

2.1 Study area and data

The Doisaket rain gauge station measures the amount of precipitation around the Mae Kuang Udom
Thara Dam, which is a sub-source of the Ping River in northern Thailand. It is important for precipitation data
analysis toward the effective planning and management of water operations in this part of northern Thailand. In
this study, monthly precipitation data were obtained during the period from February 1957 to January 2014 from
the Hydrology and Water Management Center for the Upper Northern Region of Thailand (Hydrology and Water
Management Center for Upper Northern Region Chiang Mai Thailand, 2015; in mm). The classification of Thai
seasons by collected monthly rainfall data into four months periods follows the criterion of the Meteorological
Department of Thailand (Agro- Meteorological Academic Group Meteorological Development, 2015): the
summer season (February to May), the rainy season (June to September), and the winter season (October to
January of the following year).

2.2 Statistical modeling of seasonal rainfall

An exponential distribution, Exp( A ), with scale parameter A is the first-choice statistical distribution
for analyzing lifetime data. Its probability density function (pdf) is given by

(3]
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f(x|A)=2e", x>0, 1>0. 1)

The mean and variance of an Exp( A ) distribution are E(X)=4" and v (X)=A"%. The cumulative distribution
function (cdf) of Exp( A ) is as follows:

F(x)=1-¢™, x>0, 1>0. )
Since some real datasets are complex and their distributions are not exponential, many researchers have tried to

develop an appropriate statistical distribution by adding shape parameter ¢ used in distributions such as Weibull(
a, A) with a cdf given by

F(x)=1-e ™", x>0, 4, a>0. ®)

Furthermore, the generalized exponential distribution (Gupta and Kundu, 1999), E( ¢, A ), has a cdf as follows:

F)=(1-e)", x>0, 4, a>0. @)

For a gamma distribution, gamma ( «, A ) is the sum of the independent exponential random variables. Thus, the
pdf of Gamma( &, A ) distribution can be denoted as

ﬂa a- l —XA
f(x|a,/1)——, x>0, a,4>0, ®)
[(e)
where T°(.) is the gamma function. Note that a gamma distribution where « =1 is reduced to an exponential
distribution. Gamma( e, A ), has a cdf as follows:

F(x)=T,,(a)/T(a), a,4>0 (6)

and T, ( jt“ e'dt is the incomplete gamma function.

The Lindley exponential distribution (Bhati et al., 2015), Lindley( «, A ), has a cdf that can be written as

(e’ [1+a aln(l-¢ )}

F(x)= , x>0, 4, a>0. (7
1+a

For a statistical distribution, more parameters make the model more complex and the statistical inference in the
model selection can become ambiguous (Burnham and Anderson, 2002). Moreover, when analyzing seasonal
precipitation, we are interested in two-parameter positively skewed distributions. However, a large sample size
can limit the distributed tend to the normal distribution, norm ( , %), with location parameter x and scale

parameter o> . The cdf for this can be written as

F(x)= {1+erf(0\/_ﬂ 0>0, —00< X, 1 <+, 8

where erf dt is an error function. The mean and variance of norm( i, o ) are given by

J_Jexp

E(X)=u and vV (X)=o?, respectively. Alternatively, when of a normal distribution is positively skewed, we

[4]
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can take the logarithm to attain the lognormal distribution, Inorm( £, 0'2). The cdf for this distribution is given
by

F(x):;{herf[ln(x)ﬂﬂ, x>0, 0>0, —00< < +o0. ©

o\2

The parameters for all of the statistical distributions mentioned can be estimated by using the MLE.

2.3 Modeling the selection criteria

The choice of the most appropriate statistical distribution is important in hydrological events to
rationalize the use of a particular function. Generalization for model selection based on information criteria,
goodness-of-fit tests, etc., has also been considered. In practice, Stephens (1974) reported that the Anderson-
Darling (AD) (Anderson and Darling, 1952), goodness-of-fit test statistic performed better than other goodness-
of-fit tests and thus recommended its use for testing the fit of a positively skewed distribution. The AD test
statistic can be written in the form

A? = —n—%i(zi ~D[IN(F(x))+InA-F (%)) ] (10)

where n is the sample size, F(-) is the expected cdf, and x; are the ordered data. For the model selection criteria

are used the Akaike information criterion (AIC) (Akaike, 1973), can also be used as a model selection criterion
for nested statistical distributions. It can be defined as

AIC =2k -2InLL, (11)

where k is the number of parameters in the model and LL is the log-likelihood function for the model. Laio et
al. (2009) and Baldassarre et al. (2009) mentioned that the AD test outperformed AIC in cases of statistical
distributions with three parameters whereas AIC was better for two-parameter statistical distributions.
Additionally, Dey and Kunde (2009) suggested that the largest maximized likelihood value is suitable to
discriminate among three statistical distributions.

Consequently, the best-fitting model for seasonal precipitation data based on the maximized likelihood
function and the smallest AIC and AD values indicates that the tested statistical distribution is appropriate
(Ghitany et al., 2017; Hussain et al., 2017).

2.4 Generalized linear models
Normally, rainfall data form a positively skewed distribution (Ashkar, 2017). For this reason, a

nonparametric correlation measure called Spearman’s rank correlation coefficient (g ) is appropriated for
measuring the strength of the relationship between variables:

o
i=1

1- , (12)
n(n®-1)

Iy =

where n is the pair sample size and di, i=1 2, .., n, for each pair of observations. Moreover,

generalization to determine how a response variable depends on the value of another one can be determined by
using a generalized linear model (GLM) (Nelder and Wedderburn, 1972). A GLM includes three components:

1) A random component which is the response variable (Y;, i=1, 2, ..., n) when given the

values of the explanatory variables in the model and the associated probability distribution in an exponential
family:

f<y|e,¢)=exp[y9f;)(‘9)+c<y,¢>j, (13)

[5]
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where @ is a natural parameter; ?isa dispersion parameter; and a(.), b(.), ¢(.) are functions.

2) A linear predictor or systematic component which includes p explanatory variables

(X, X,, ..., xp) and the relationships among them:

n=pB"X=py+ B X+ By Xyt f, X, (14)
3) A link function which specifies the relationship between the linear predictor and the expectation
of the response given the values of the explanatory variables:

() =n= Ly + B X+ B, X+ ..+ B X, (15)

In practice, the regression coefficients (3, i = 0, 1 2, ..., p) are estimated by applying ordinary

least squares regression. The gamma regression is based on the assumptions: 1) the dependent variable (Y) is
gamma distributed with which probability density function (pdf) is given in Equation (5), 2) a linear predictor
which includes p explanatory variables with unknown coefficients and the relationships among them in Equation
(14) and 3) a link function is given in Equation (15).

3. Results and Discussion

To assess when the statistical modeling of seasonal rainfall data from the Doisaket rain gauge station is
appropriate, the data were analyzed using the R statistical program (R Core Team, 2015). The results of the
analysis are listed in Table 1.

3.1 Model selection criteria for seasonal rainfall data
For the Doisaket rain gauge station in the summer season, the precipitation had a maximum/minimum

cumulative seasonal rainfall of 504.80/40.90 mm with a central tendency of 210.19 mm. The slight outlier (in
1990) in the maximum of the precipitation indicates a summer storm (Figure 1).

Table 1 Descriptive statistics of the precipitation data from the Doisaket rain gauge station
Season Minimum Maximum Mean Std. Deviation Q1 Q2 Qs
Summer 40.90 504.80 210.19 96.06 128.05 | 208.00 273.15

Rainy 394.90 1,158.30 746.50 191.26 616.15 | 734.50 887.75
Winter 22.20 328.00 159.24 76.28 113.85 | 136.30 209.35

Note. Precipitation in mm. Q;, the i" quartile of the data.
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Figure 1 A box plot of the precipitation data from the Doisaket rain gauge station during different seasons

The maximum/minimum cumulative rainfall amounts were 1,158.30/394.90 mm with a central tendency
of 746.50 mm for the rainy season (the highest) and 328.00 mm/22.20 mm with a central tendency of 159.24 mm

[6]
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for the winter season (the lowest). Table 2 and Figure 2 demonstrate that a Weibull distribution for the summer

season and a gamma distribution for the rainy and winter seasons provided the best fit.

Table 2 Summary of the tested statistical distributions for the Doisaket rain gauge station precipitation data

o Summer Rainy Winter
Distribution

LL AlC AD LL AlC AD LL AlC AD
Weibull -338.39 | 680.78 | 0.25 | -380.22 | 764.43 | 0.36 | -324.69 | 653.38 | 0.67
Gamma -338.43 | 680.85 | 0.35 | -379.49 | 762.98 | 0.22 | -324.66 | 653.32 | 0.47
Inorm -340.69 | 685.38 | 0.71 | -380.13 | 764.25 | 0.33 | -326.91 | 657.83 | 0.59
norm -340.58 | 685.15 | 0.42 | -379.83 | 763.66 | 0.27 | -327.44 | 658.88 | 1.24
Lindley -339.39 | 682.78 | 0.52 | -400.51 | 805.02 | 0.57 | -325.40 | 654.80 | 0.48
GE -339.29 | 682.58 | 0.50 | -381.15 | 766.31 | 0.48 | -325.30 | 654.59 | 0.47

Note. The values in bold indicate the best-fitting distribution.

Summer season of Doisaket Rainy season of Doisaket Winter season of Doisaket
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Figure 2 Comparison of histograms and theoretical densities for the tested statistical distributions for Doisaket
rain gauge station precipitation data
3.2 Two correlated gamma random variables
Table 3 reports the precipitation amounts during the winter season. There is correlation between the
precipitation amounts during the winter and rainy seasons at the 0.05 significance level (p-value < 0.05). The
coefficient of determination (R? = (0.28)? = 0.078), equivalent to 7.8% variation in the precipitation amount in the
winter season, can be accounted for by the variation in the precipitation amount during the rainy season.

Table 3 Spearman’s correlation (p-value) for seasonal rainfall data measured at the Doisaket rain gauge station

Season Summer Rainy Winter

Summer 1.00 -0.11 (0.41) -0.02 (0.89)
Rainy 1.00 0.28 (0.03)
Winter 1.00

Gamma regression was applied to analyze the effect of the precipitation amount in the rainy season on
the precipitation amount in the winter season (Table 4).

[7]
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Table 4. Gamma regression estimates for seasonal rainfall data measured at the Doisaket rain gauge station

Source Coefficient Std. Error t value p-value
Intercept 4.498 0.254 17.699 0.000
Rainy 0.001 0.000 2.286 0.026

Outcome: Winter (log link).

The results in Table 4 indicate that there is a significant relationship between the precipitation amounts
in the winter and rainy seasons. Moreover, the estimated gamma regression to predict the precipitation amount in
the winter season ( § ) given the precipitation amount in the rainy season ( X) is

Y =exp(4.498 +0.001x) . (16)

It was found that an increase (decrease) in the precipitation amount in the winter season is associated
with an increase (decrease) in the precipitation amount in the rainy season.

4. Conclusions

Determining the appropriate statistical distribution for seasonal precipitation is important for forecasting
extreme events and for effective water management. The results based on the model selection criteria of the
appropriate statistical distribution indicate that the gamma distribution is the best-fitting distribution for the
seasonal precipitation data from the Doisaket rain gauge station in Thailand. Furthermore, gamma regression
showed that the precipitation amount during the winter season is correlated with that in the rainy season, indicating
that less precipitation in the rainy season was linked to more precipitation in the winter season and vice versa, a
pattern that is expected to increase over time. The information obtained from our results could offer help to the
agencies involved in planning and managing water resources in the Doisaket area to understand the effects of

seasonal precipitation.
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