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ABSTRACT

Floods are ordinary natural disasters in Songkhla, Thailand that occur almost every
year due to heavy rainfall during the rainy season. The organizations related to agriculture
and water resource planning can solve or reduce the flood problem in Songkhla by testing the
monthly rainfall dispersion for flood monitoring. We can use the coefficient of variation (CV)
to measure the dispersion of rainfall amount in different areas because the rainfall amount
varies greatly depending on the region and season. The objective of this study is to propose
two methods for testing the CV for a gamma distribution. The methods based on Score-type
and Wald-type confidence intervals were applied for testing the monthly rainfall dispersion
which these data were well-fitted with a gamma distribution. Using Monte Carlo simulations,
the type I error rate and power of the test for two test statistics were estimated under several
shape parameter values in a gamma distribution. The simulation results indicated that the
test statistic based on Wald-type confidence interval performed better than its competitor in
terms of the attained nominal significance level (0.05). The mean of the absolute differences
between the empirical type [ error rates and 0.05 for those based on Score-type and Wald-type
confidence intervals was 0.0480 and 0.0067, respectively. Therefore, the test statistic based
on Wald-type confidence interval is recommended for analysis in similar scenarios. Both
test statistics were utilized to test the rainfall dispersion data from Sa Dao Meteorological
Station in Songkhla. The study concluded that the population CV of the Songkhla’s rainfall
was not significantly different from the hypothesized setting of 0.90.
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1. Introduction

Since damage from natural disasters
has increased due to anomalous global cli-
mate changes, researchers are interested in
studying their occurrences. Thailand has
been divided into six geographical regions
by the National Research Council: north,
northeast, central, east, west, and south,
many of which are inclined to the sea-
sonal flash flood in the north, northeast,
and south regions [|l]]. The worst flooding
occurred in Thailand in 2011 and caused
significant damage to agriculture sector in
the 26 provinces in the central, north and
northeast regions [2]. Additionally, it killed
more than 800 people, destroyed 2 mil-
lion dwellings, extremely affected the lives
of millions, and caused economic losses to
reach about US$ 45.5 billion [3].

Songkhla, one of the southern coastal
provinces of Thailand, is faced with flood-
ing every year. Figl[l shows the map of
Songkhla. Several coastal cities are in-
creasingly at risk of flooding caused by
extreme weather conditions [4]. Tropical
cyclones tend to cause violent flooding in
coastal cities[§, 6]. In coastal cities, flood-
ing is main caused by two processes: sur-
face runoff on account of inland severe
rainfall and tidal flooding during extremely
high tide events [[7-10]. On November 24,
2020, Songkhla’s four districts: Sa Dao,
Hat Yai, Muang Songkhla, and Na Mom
were inundated with heavy rain for sev-
eral days. Although the authorities tried
to drain the water, heavy flooding blocked
access to some 300 households and many
villages. Later, on December 1-2, 2020,
the worst flooding in 12 years occurred in
Songkhla. Prior to that, in 2005, there
was major flooding in Songkhla [[11]; wa-
ter from the Songkhla Lake and Patthalung
province caused a wide range of effects on
all affected areas, 86 schools in the province
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were faced with flooding with 62 of them
being temporarily closed down, Hat Yai
Airport was flooded, and crops in farm-
ers’ fields were damaged. The uncontrol-
lable natures of rainfall are changing over
time affecting agricultural sustainability of
Songkhla.

To show the variation of rainfall
amounts within the months, the accumu-
lated rainfall amounts over a sliding 31-day
period centered around each day of the year
is shown in Figfl. Songkhla experiences
extreme seasonal variation in monthly rain-
fall. Songkhla receives its most monthly
rainfall in November with an average rain-
fall of approximately 12.0 inches (304.8
millimeters) while the month with the least
rainfall amounts is February, with an av-
erage rainfall amount of approximately 0.9
inches (22.9 millimeters) [[12]. The coef-
ficient of variation (CV) can be used to
demonstrate rainfall dispersion in different
regions because the rainfall amount varies
greatly depending on the season and re-
gion. The CV is a statistical measure of
variability relative to the mean of the pop-
ulation [[13[], which represents the propor-
tion of the population standard deviation o
to the population mean u, ie., 8 = o/u,
where u # 0. Without units, the CV is
more commonly used than the standard de-
viation, mean deviation and the variance for
the variation comparison in variables with
different units.

The estimation of CV is widely used
in several fields such as medicine, science,
engineering, business, economics and oth-
ers (see [|14]). For instance, Faber and Korn
[15] applied the CV for analyzing synap-
tic plasticity. The correlation between spa-
tial and temporal global solar radiation data
was estimated based on the CV []16]. Reed,
Lynn and Meade [Ll7] applied the CV in
evaluating the variation of quantitative as-
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Fig. 1. The map of Songkhla, Thailand.
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Fig. 2. The average rainfall (solid line) accumulated over the course of a sliding 31-day period cen-
tered on the day in question, with 25 to 75" and 10% to 90™ percentile bands.

says. The diversity comparison in work
groups using the CV was studied by Be-
deian and Mossholder [[18]. Kang, Lee,
Seong and Hawkins [[19] applied the CV
for monitoring variability in statistical pro-
cess control. A novel approach for mon-
itoring the square of CV with two one-
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sided exponentially weighted moving aver-
age (EWMA) control charts was proposed
by Castagliola, Celano and Psarakis [20].
Déring and Reckling [22] introduced an ap-
proach for the adjustment in the CV be-
cause of the methodical dependency of pop-
ulation variance from the population mean.
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Frederick and Kut [21] studied the out-
come of the CV to the operation times on
the optimum allocation of storage spaces
in production line procedures. Bakowskia,
Radziszewskia and Zmindak [23] evaluated
the injection pressure recorded throughout
the time of the performance of the engine
by using the CV. When the CV is known,
Abu-Dayyeh, Al-Rawi and Alodat [24] dis-
cussed the interval estimation for the nor-
mal mean. The optimal sampling plan via
the Fisher information numbers for normal
distribution with known CV was indicated
by Alodat and Omari [25]. Wang et al. [27]
calculated the CV of the total amount of
rain (rainfall depth) of all catchment areas
in each day. Lastly, Addisu et al. [26] stud-
ied the variation of the annual total rainfall
data in Ethiopia by using the CV.

From the literature review, the re-
search on the construction of testing the CV
for a gamma distribution is not much. How-
ever, there are some approaches for estimat-
ing the confidence interval for the CV. For
example, McKay [28] introduced the inter-
val estimation for the CV which depends on
the chi-square distribution. The modified
McKay’s approximate confidence interval
for the CV was proposed by Vangel [29].
For a normal distribution, the modified
McKay’s approximated confidence interval
by the replacement of the classical sample
estimator of CV with the maximum likeli-
hood estimate was discussed by Panichk-
itkosolkul [30]. Albatineh et al. [31] ap-
plied a ranked set sampling method to es-
timate the interval estimation for the CV.
For a gamma distribution, Sangnawakij and
Niwitpong [32] proposed Score-type and
Wald-type confidence intervals for the CV.
We can apply the confidence intervals pro-
posed Sangnawakij and Niwitpong [32] to
test the hypothesis for the CV.

There are several research works on
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the confidence intervals for the CV, differ-
ences between the CVs, the common CV
and their applications with the amount of
rainfall. For example, Yosboonruang et al.
[B4] used the Bayesian approaches for con-
structing the confidence intervals for the
CV of a delta-lognormal distribution. For
the delta-lognormal distributions, simulta-
neous confidence intervals for all pairwise
differences of the CVs were constucted by
Yosboonruang et al. [35]. Later, Yos-
boonruang et al. [3€] employed the fidu-
cial generalized confidence interval, equal-
tailed Bayesian credible intervals using the
independent Jeffreys or uniform priors, and
the method of variance estimates recovery
to estimate the confidence intervals for the
common CV of delta-lognormal distribu-
tions.

In some situations, we consider the
testing on the monthly rainfall dispersion
in terms of the CV. Recently, three statis-
tics for testing the ratio of the CVs in the
inverse gamma distributions by using the
fiducial quantities (FQ) and two Bayesian
approaches were proposed by Panichk-
itkosolkul [33]. To the best of our knowl-
edge, there is no research conducted on test-
ing the CV of a gamma distribution based
on Score-type and Wald-type confidence in-
tervals. Methods for testing on the CV
could be advantageous for the Thailand’s
Ministry of Agriculture and Cooperatives
and Ministry of Natural Resources and En-
vironment, and other related organizations
in order to solve the Thailand’s flood prob-
lem, including the water resource planning.
Based on the gamma quantile-quantile (Q-
Q) plot (Fig.f(a)), a histogram (Fig.f(b)),
and the Anderson-Darling goodness-of-fit
test, they showed that the monthly rainfall
amounts from Sa Dao Meteorological Sta-
tion, located at latitude 6° 4’ 23.74’”" North
and longitude 100° 24’ 35.47" East, from
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January 2016 to December 2018 seems to
fit well to a gamma distribution.

The objective of this study is to
propose the methods for testing the CV
in a gamma distribution and examine the
efficacy of the proposed methods. For
the practitioners, the larger value of CV
indicates greater variation, whereas the
lower value of CV indicates a lower risk
[]. This can further assist in planning for
the impacts of flooding as a result of these
climatic changes. This study concentrates
on two confidence intervals for the CV
proposed by Sangnawakij and Niwitpong
[32]. Due to the unavailability of a direct
theoretical comparison, we designed and
conducted a Monte Carlo simulation to
compare the performance of these methods.

2. Point Estimation of Parameters in
a Gamma Distribution

The point estimates of shape and
scale parameters for a gamma distribution
are explained in this section. Let X =
(X1, ..., Xn) be a random sample from the
gamma distribution with the shape param-
eter @ and scale parameter 8, denoted as
Gamma(e, 8). Eq. (.1) is the probability
density function of X,

a—le—x/ﬁ
BT (a) ’
wherex > 0,a > 0,8 > 0.

The mean and variance of X are
E(X) = of and Var(X) = af3?, respec-
tively [37]. Therefore, the CV of X is given
by 6 = 1/+/a.

Here, the maximum likelihood (ML)
estimators for @ and B were consid-
ered. From the probability density function
shown in Eq. (2.1)), the log-likelihood func-
tion of parameters « and 3 is as follows:

fx;a,B) = 2.1)
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i Xi n
= —+(@-1) ) In(Xy)
i=1

—nln (I'(@)) — na In(B).

InL(a,B) =—

The Score-type function is obtained by par-
tial differentiating the log-likelihood func-
tion with respect to @ and 3, respectively,

3 In(X;) - nln(a) + £& ~nin(g)

Ula,p) = |"

Then, the ML estimators can be derived for
a and B, respectively,

1

3 In(X;)
i=1
n

&: ,ﬂ:

’

S

2[In(X) -

-~ n
where X = n7! Z X; denotes the sample

i=1
mean of X. Subsequently, the ML estimator
of CV is given by 6 = 1/Va.

3. Proposed Test Statistics

Let X1, ..., X;, be an independent and
identically distributed (i.i.d.) random sam-
ple of size n from a population with finite
mean, u and finite variance, 2. In this
study, the goal of testing is to determine the
likelihood that a population CV of a gamma
distribution is likely to be true. The null and
alternative hypotheses, Hy and H;, for the
test are written in mathematical symbols as
follows:

HO 10 = 90

H,: 0+ 6.

Two methods for testing the CV based on
Score-type and Wald-type confidence inter-
vals are introduced in this section.
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Fig. 3. (a) gamma QQ plot (b) histogram of the monthly rainfall amounts from Sa Dao Meteorological

Station, Songkhla, Thailand.

3.1 Score-type method

Let a be the parameter of interest and
[ be the nuisance parameters. The Score-
type statistic [38,389] is defined as

Wi = U (ao, Bo) I (@0, Bo)U(ao, Bo),

where By is the ML estimator for 3, un-
der the null hypothesis H|| a = a,
U(ao, Bo) is the vector of the Score func-
tion and (g, Bo) is the matrix of the Fisher
information. The Score function under H
is derived as follows:

N 3 In X;) + 52
U(ao, Bo) = E‘l (X0) + 305
0

- nln(X)

The inverse of the Fisher information ma-
trix can be found as follows:

2a3 2X

-1 5\ n T n

1™ (o, Bo) = 2% X?(2ao+l) |-
n nag’

The pivotal quantity was constructed by us-
ing the property of the Score-type function
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as Eq. (B.1)),

20’2 L n _
ZScore = \’TO (Z IH(X,') + % - an(X)),
i=1

3.1)
converges to the standard normal distribu-
tion as n — oo (converges in distribution).

2

Since the variance of @ is %, it is approxi-
mated by substituting & in its variance. Un-
der H|), the statistic in Eq. (B.1)) is given as

a2
ZScnre =
n

From the probability statement, 1 — y =
P(_Zlfy/Q < Zscore < Zlfy/2)a it can
be written in another form as follows: 1 —
v = P(ly < 0 < ug). Therefore, the
(1 = y)100% Score-type confidence inter-
val for 0, Clg, is given by

> In(X;) + o~ — nln(X)
i=1 20.’

n
2a2)°

2 n
n \(MH Ay 5|

2
Cls = [ls,us] = \/; (M —Ziy)2
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_ n

where M = nln(X) - 3 In(X;) and Z;_, o
i=1

is the (1 —y/ 2)th quantile of the standard

normal distribution. Therefore, the null hy-

pothesis, Hy : 8 = 8, will be rejected if

2 n
90 < ;1 M — 21_7/2 ﬁ or
00> |2 (M+2 .
0 n 1-y/2 2&2 .

3.2 Wald-type method

It is well known that the Wald-type
statistic is asymptotic. This statistic can be
derived from the property of the ML esti-
mator [40]. Under the null hypothesis Hj :
a = «ay, the general form of the Wald-type
statistic is defined as

Wy = (& — a0)” [17%(a, B)] " (¢ - o),

where 19%(&, B) is the estimated variance
of @ obtained from the first row and the first
column of I~ (&, ). Using the information
of partial derivatives from the previous sub-
section, the inverse matrix is given by

242 _2X
1,4 5
I (a.p)=| % x2@a+1) |-
“n nas

where 19 (&, B) = % Therefore, under
H{, we obtain the Wald-type statistic

n

ﬁ(@—@),

Zwald =

which has the limiting distribution of a stan-
dard normal distribution. Therefore, the
(1-7%)100% Wald-type confidence interval
for 6, Clw, is as follows:

R 242
Cly = [lw,uw] = [1/ \/a"'Zlfy/Z\,T,
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R 242
LA|@ = Z1-y )24/ -

where Z1_, /5 is the (1 - )//2)th quantile
of the standard normal distribution. There-
fore, the null hypothesis, Hy : 6 = 6, will
be rejected if

. 242
Oy < 1/ CZ+Zl_7/2 — Oor
n
. [2&
6o > 1/\/0’—21_7//2 7 .

4. Simulation Study

For a gamma distribution, two meth-
ods for testing the CV based on Score-
type and Wald-type confidence intervals are
compared in this section. Due to the un-
availability of a direct theoretical compar-
ison, a Monte Carlo simulation study was
designed and conducted using R [41] ver-
sion 4.2.3 to compare the performance of
two proposed test statistics. They were
evaluated in terms of the accomplishment of
empirical type I error rates and the powers
of the test. We count the number of times
for each test that the null hypothesis was re-
jected when Hy was true, to obtain the em-
pirical type I error rates. In addition, the
number of times for each test, that the null
hypothesis was rejected when Hy was not
true, was counted to obtain the power of the
test. Since the simulation results provided
the similar conclusions obtained for other
values of significant level y, the simulation
results are reported only for y= 0.05.

The sample sizes n = 10, 30, 50, 100
and 200 are employed to present small to
large samples. The data were generated
from a gamma distribution with § = 2 and
we adjusted the value of a in order to re-
ceive the desired value of CV, 8. The val-
ues of 6 are equal to 0.05, 0.10, 0.20, 0.28,

s
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0.30 and 0.33. The number of simulations
was set at 10,000.

The simulation results are summa-
rized in Tables [[Hg. For all sample sizes,
the test statistic based on Wald-type confi-
dence interval provided the empirical type I
error rates close to the nominal significance
level of 0.05. On the other hand, the empiri-
cal type I error rates of test statistic based on
Score-type confidence interval were close
to the nominal level of significance when
sample sizes were large. Furthermore, we
found that the statistic based on Score-type
confidence interval had a high empirical
type I error rate for small sample sizes. In
terms of power of the test, the test statis-
tic based on Score-type confidence interval
outperformed the competition for 6 > 6.
On the other side, for 8 < 0, the test statis-
tic based on Wald-type confidence interval
performed better. As sample size increased,
the chance of empirical type I error rate of
the test statistic based on Score-type con-
fidence interval decreased and approached
0.95. However, as sample size increased,
empirical type I error rate of the test statistic
based on Wald-type confidence interval in-
creased and approached 0.95. Furthermore,
as the difference between the true value of
CV and the hypothesized value of CV in-
creased, the power of the test increased. For
large sample sizes, it can be shown that both
test statistics performed similarly well in
terms of the empirical type I error rates and
the powers of the test. However, both crite-
ria of two proposed test statistics are notably
different when sample sizes are small.

5. Application to Rainfall Dispersion
Data

In this section, the real application of
two test statistics for the CV of a gamma
distribution is illustrated. This study used
the monthly rainfall amounts (mm) from the
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Sa Dao Meteorological Station from Jan-
uary 2016 to December 2018 recorded by
the Thai Meteorological Department. The
descriptive statistics are calculated and pre-
sented as follows: sample size = 36, arith-
metic mean = 123.22, standard deviation =
108.76 and CV = 0.88.

Fig] displays a gamma quantile-
quantile (QQ) plot for monthly rainfall
amounts versus fitted gamma distribution
and a histogram of the monthly rainfall
amounts. The density and Box-Whisker
plots are shown in Fig 4. From Figs.§ and },
we found that the monthly rainfall amounts
has a right-skewed distribution. By us-
ing the Anderson-Darling (AD) test [42] via
Minitab [43], the AD statistic was 0.333
and p-value > 0.25. It was found that the
monthly rainfall amount fitted well to a
gamma distribution with shape parameter &
= 1.1252 and scale parameter 3 = 109.5086,
while the estimator of the CV was 6 =
1/Va = 0.9427. A researcher believes that
the population CV of the monthly rainfall
amounts is equal to 0.90. It can be written
in the null and alternative hypotheses as:

Hy:60=0.90

H, :0%0.90.

The Score-type and Wald-type confidence
intervals for the CV were calculated and are
shown in Table []. These lower and upper
limits can be used as the critical values of
the test statistics. There is no sufficient evi-
dence in support of the alternative hypothe-
sis, and therefore the null hypothesis cannot
be rejected because 0.7380 < 6y < 1.2166
and 0.8321 < 6y < 1.3717 using test statis-
tics based on Score-type confidence interval
and Wald-type confidence interval, respec-
tively. Therefore, this study concluded that
the researcher’s belief is correct. Hence,
the population CV of the monthly rainfall
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Table 1. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(400,2), 6 =

0.05.
n Method %
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
10 Score-type 0.9550 0.1588 0.0072 0.0548 0.1955 0.4325 0.6863 0.8652 0.9562
Wald-type  0.9998  0.9640 0.6678 0.2091 0.0286 0.0059 0.0160 0.0432 0.0841
30  Score-type 1.0000 0.9999 0.8209 0.1068 0.1057 0.5182 0.8970 0.9921 0.9998
Wald-type  1.0000 1.0000 0.9714 0.4715 0.0417 0.1496 0.5358 0.8782 0.9850
50  Score-type 1.0000 1.0000 0.9887 0.3471 0.0809 0.6283 0.9759 0.9997 1.0000
Wald-type  1.0000 1.0000 0.9979 0.6604 0.0446 0.3162 0.8497 0.9946 1.0000
100 Score-type  1.0000 1.0000 1.0000 0.7646 0.0658 0.8432 0.9998 1.0000 1.0000
Wald-type  1.0000 1.0000 1.0000 0.8949 0.0483 0.6660 0.9967 1.0000 1.0000
200  Score-type 1.0000 1.0000 1.0000 0.9811 0.0595 0.9786 1.0000 1.0000 1.0000
Wald-type  1.0000 1.0000 1.0000 0.9941 0.0493 0.9440 1.0000 1.0000 1.0000

Table 2. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(100,2), 6 =

0.10.
n Method %
0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14
10 Score-type 0.0093 0.0213 0.0545 0.1149 0.1992 0.3027 0.4245 0.5631 0.6864
Wald-type  0.6564 0.4143 0.2137 0.0865 0.0303 0.0104 0.0054 0.0116 0.0159
30  Score-type 0.8271 0.4328 0.1117 0.0374 0.1052 0.2704 0.5157 0.7491 0.8934
Wald-type 0.9718 0.8207 0.4807 0.1599 0.0450 0.0583 0.1547 0.3219 0.5362
50  Score-type 0.9885 0.8120 0.3453 0.0547 0.0851 0.2988 0.6249 0.8778 0.9746
Wald-type  0.9987 09515 0.6577 0.2180 0.0441 0.0995 0.3108 0.6127 0.8588
100  Score-type 1.0000 0.9936 0.7572 0.1763  0.0679 0.3919 0.8291 0.9861 0.9998
Wald-type  1.0000 0.9986 0.8955 0.3536 0.0518 0.2084 0.6447 0.9408 0.9974
200 Score-type 1.0000 1.0000 0.9842 0.4446 0.0529 0.5675 0.9761 1.0000 1.0000
Wald-type  1.0000 1.0000 0.9939 0.5982 0.0483 0.4133 0.9423 0.9993 1.0000

Table 3. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(25,2), 8 =

0.20.
n Method %
016 017 018 019 020 021 022 023 024
10 Scorc-type 0.0533 0.0784 01101 0.1450 0.1982 02465 03048 03635 04219
Wald-type 02153 0.1390  0.0887 0.0499 0.0319 00176 00114 00059  0.0065
30 Scoretype  0.1152 00461 0.0389 00567 0.1045 0.1730 02690 03839 05055
Wald-type 04805 02978 0.1704 0.0841 0.0434 00377 00563 00913 0.1460
50 Scoretype 03471 01577 0.0616 00451 0.0812 0.1554 02983 04545 0.6232
Wald-type  0.6686 04374 02276  0.0990 0.0474 00464 00981 0.1817 0.3025
100 Score-type 0.7837 04739 0.1862 0.0558 0.0656 0.1743 03814 0.6244 0.8233
Wald-type 09056  0.6897 03755 0.1379  0.0487 00743 0.1966 04082  0.6453
300 Score-type 09849 08553 04755 01176 0.0535 02100 05550 0.8507 09716
Wald-type 09934 09239 0.6267 02136 0.0495 01222 04049 07412 09357

amounts are not different from 0.90 at the
significance level of 0.05. It is interpreted
that the value of CV is 0.90 times of the pop-

ulation mean.

6. Discussion
The objective of this study is to pro-
pose two test statistics based on Score-type
and Wald-type confidence intervals for the
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Table 4. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(12.76,2), 6

=0.28.

n Method

0o

0.24 0.25 0.26

0.27 0.28 0.29 0.30 0.31 0.32

10 Score-type 0.0801 0.0999 0.1269
Wald-type  0.1349  0.1009 0.0684

0.1577 0.1914 0.2167 0.2623 0.2968 0.3510
0.0414 0.0294 0.0209 0.0141  0.0099 0.0087

30  Score-type 0.0512 0.0397 0.0438
Wald-type  0.2969 0.1943  0.1175

0.0640  0.0944 0.1463 0.2005 0.2711 0.3590
0.0732  0.0458 0.0390 0.0399 0.0600 0.0816

50  Score-type 0.1457 0.0705 0.0436
Wald-type  0.4135 0.2702  0.1496

0.0531 0.0740 0.1220 0.2074 0.3011 0.4110
0.0812  0.0518 0.0408 0.0599 0.0984 0.1566

100 Score-type 0.4381  0.2438  0.0988
Wald-type  0.6606 0.4451 0.2350

0.0500 0.0598 0.1276  0.2418 0.3922  0.5768
0.1113  0.0491 0.0547 0.1117 0.2095 0.3514

200  Score-type 0.8251 0.5524  0.2528
Wald-type  0.9066  0.6987  0.3903

0.0924 0.0529 0.1313 0.3288 0.5765 0.8001
0.1601  0.0530 0.0739 0.2000 0.4225 0.6728

Table 5. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(11.11,2), 6

=0.30.

n Method

()

0.26 0.27 0.28

0.29 0.30 0.31 0.32 0.33 0.34

10 Score-type 0.0863 0.1031 0.1303
Wald-type  0.1240  0.0904  0.0637

0.1609 0.1904 0.2163 0.2585 0.2962 0.3361
0.0446  0.0311 0.0242 0.0144 0.0103 0.0078

30  Score-type 0.0406 0.0359 0.0463
Wald-type  0.2638 0.1765 0.1128

0.0592 0.0946 0.1403 0.1962 0.2614 0.3254
0.0684 0.0462 0.0386 0.0390 0.0557 0.0739

50  Score-type 0.1307 0.0612  0.0468
Wald-type  0.3791 0.2384 0.1444

0.0478 0.0765 0.1280 0.1914 0.2824 0.3815
0.0829 0.0495 0.0417 0.0552 0.0916 0.1453

100 Score-type 0.3787 0.2074 0.0884
Wald-type  0.6043  0.4007  0.2230

0.0471 0.0605 0.1167 0.2259 0.3631 0.5273
0.1065 0.0503 0.0527 0.1040 0.1872 0.3102

200  Score-type 0.7659 0.5054  0.2300
Wald-type  0.8635 0.6479  0.3643

0.0768 0.0516 0.1275 0.2898 0.5231 0.7423
0.1488 0.0541 0.0685 0.1778 0.3734 0.5973

Table 6. The Empirical type I error rates (bold numeric) and powers of tests for Gamma(9.18,2), 6 =

0.33.

n Method

0o

0.29 0.30 0.31

0.32 0.33 0.34 0.35 0.36 0.37

10 Score-type 0.0931 0.1119  0.1358
Wald-type  0.1190  0.0866  0.0618

0.1571 0.1862 0.2050 0.2487 0.2781 0.3200
0.0443  0.0341 0.0242 0.0159 0.0091 0.0089

30  Score-type 0.0421 0.0370  0.0492
Wald-type  0.2311  0.1599  0.0985

0.0641 0.0967 0.1416 0.1764 0.2365 0.2990
0.0663  0.0497 0.0395 0.0378 0.0497 0.0600

50  Score-type 0.1038  0.0564 0.0452
Wald-type  0.3269 0.2116  0.1377

0.0477 0.0714 0.1126 0.1727 0.2449 0.3336
0.0738  0.0468 0.0412 0.0525 0.0709 0.1146

100 Score-type 0.3277 0.1734  0.0848
Wald-type  0.5465 03513  0.2104

0.0448 0.0586 0.1077 0.1946 0.3030 0.4489
0.0915 0.0550 0.0497 0.0866 0.1456 0.2488

200  Score-type 0.6908 0.4291  0.2004
Wald-type  0.8121  0.5799  0.3273

0.0711  0.0485 0.1067 0.2423 0.4376 0.6612
0.1334  0.0556 0.0543 0.1426 0.2898 0.5053

CV in a gamma distribution. From the
Monte Carlo simulation results, the test
statistic based on Wald-type confidence in-
terval outperformed the competitor in terms

of the empirical type | error rate for all sit-
uations. As expected, as the sample size
increased, the power of the test also in-
creased and the empirical type I error rates
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Fig. 4. (a) density plot (b) Box-Whisker plot of the monthly rainfall amounts from Sa Dao Meteoro-

logical Station.

Table 7. Critical values of test statistics based on Score-type and Wald-type confidence intervals for

the significance level of 0.05

Critical values

Method Lower Upper
Score-type 0.7380 1.2166
Wald-type 0.8321 1.3717

were close to the nominal significance level
of 0.05. The performance of both statis-
tics are not considerably different in terms
of the power of the test and the attain-
ment of the nominal significance level when
sample sizes are large. However, the em-
pirical type I error rate and the power of
the test were not significantly different for
small sample sizes. For the inverse gamma
distribution, Kaewprasert et al. [48] con-
cluded that the interval estimator for the CV
based on Wald-type method performed bet-
ter challenger. The conclusions of the cur-
rent study were followed with the study of
Kaewprasert et al. [48].

When the statistical methods for test-
ing the population CV was conducted, the
environmental and agricultural organiza-
tions can know the rainfall dispersion and
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plan to prevent the heavy rainfall problem,
including water resources planning. Other
data sets identified potential distribution as
a gamma distribution can be applied with
the proposed test statistics for the CV. The
gamma distribution is identified as an ef-
fective probability density function for me-
teorology data analysis [44-47]. In addi-
tion, the gamma distribution is often applied
to model precipitation and streamflow data
[49].

7. Conclusions

Due to the unavailability of a di-
rect theoretical comparison, a simulation
study was conducted via Monte Carlo
simulation to evaluate the performance of
test statistics. Based on the results, test
statistic based on Wald-type confidence
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interval achieved a good result in terms
of the empirical type I error rate. The test
statistic based on Score-type confidence
interval performed well in the sense of
the power of the test when 6 > 63. On
the other hand, the test statistic based on
Wald-type confidence interval performed
better when § < 6y. In conclusion, this
study would suggest the test statistic based
on Wald-type confidence interval because
its empirical type I error rates are close to
the nominal significance level of 0.05 for
all circumstances.

Songkhla relies primarily on re-
sources that are sensitive to climate
variability, including rain-fed agriculture.
There may be repercussions of increased or
decreased rainfall variability on current so-
cial and economic interactions throughout
Songkhla. The severity of future economic,
societal, and human damage can be reduced
by studying rainfall dispersion. For the
planning and design of crop scheduling
and the design of water management in
Songkhla, the rainfall dispersion was
investigated from data on the monthly
rainfall of Sa Dao Meteorological Station.
In the current study, the test statistics for
testing the CV of a gamma distribution
were utilized to test the rainfall dispersion
data from Sa Dao Meteorological Station
in Songkhla, Thailand. The current study
can make a summary that the CV of the
Songkhla’s rainfall was insignificantly
different from the hypothesized value of
0.90. Consequently, the concerned stake-
holders ought to think about specifically
rainfall dispersion for developing and
implementing sustainable development
strategies.

The limitation of this study is the
fact that the proposed methods for testing
the CV can only be used for the gamma
distribution. They cannot be applied to

55

other distributions. In future work, the con-
struction of likelihood-based, Score-type,
Wald-type, and Bayesian confidence inter-
vals for the difference between two CVs of
gamma distributions will be investigated.
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