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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-III, log-Pearson type-III, 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
AMRI1. 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-III 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)=41", x>0, 1>0. (1)

The mean and variance of an Exp( A ) distribution are E(X)=4" and V(X )=A4"2. The cumulative distribution
function (cdf) of Exp( A ) is as follows:

F(x)=1-e¢™, 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

FX)=1-e™", x>0, 4, a>0. 3)

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

FoO=(1-e*)", x>0, 4, a>0. 4)

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
//La Xa—l e—xi
f(X|ag,A)=————, x>0, a,4>0, (5)
[(a)
where I'(.) is the gamma function. Note that a gamma distribution where o =1 is reduced to an exponential

distribution. Gamma( &, A ), has a cdf as follows:
F(x)=T,,(a)/T(a), a,A>0 (6)

and T ( J' t*e™'dt is the incomplete gamma function.

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

(l—e'“)a [l+a—aln(1—e'“)]

FX)= I+a

, x>0, 4, a>0. (7

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 ( z, &%), with location parameter 4 and scale

parameter o . The cdf for this can be written as

F(X)=— {Herf[o_\/_ﬂ >0, —-0<X,u<+0, ®)

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

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

can take the logarithm to attain the lognormal distribution, Inorm( x, o : ). The cdf for this distribution is given
by

[4]
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F(x):;{lJrerf(lng(\)/%ﬂﬂ, x>0, 0>0, —00< u<+o. ©)

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(Fx))+In(1-F (X)) ]’ (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 ( I ) is appropriated for

measuring the strength of the relationship between variables:

6i d’
i=1

s (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 (Yi , 1=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[y9;(—;’)(9)+c(y,¢)} (13)

where 6 is a natural parameter;¢ is a dispersion parameter; and a(.), b(.), ¢(.) are functions.

2) A linear predictor or systematic component which includes p explanatory variables
( X Xgs s X, ) and the relationships among them:

[3]
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n=pX=p+pX+pX+..+5,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:

9 =n=pF+AX+LX+..+ B, X,. (15)

In practice, the regression coefficients (4, 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.

1200

1000
L

800
I

Precipitation (mm)

400
L

200

T
Summer Rainy Winter

Seasonal

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
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

(6]
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o Summer Rainy Winter
Distribution
LL AIC AD LL AIC AD LL AIC 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 | -32691 | 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 | 047
Note. The values in bold indicate the best-fitting distribution.

0004
)

0.003
N

0.002
N

0001
N

0.000

0.008
L

0.004
N

0.002
N

0.000

r
100

T T
300 400

Rainfall

Rainfal

0.000

Rainfall

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

¥ =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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Location Selection of Warehouse and Distribution Centers:

A Case Study of Thailand Post Distribution Co., Ltd.

/,

Walailak Atthirawong' and Siwanee Ponglangka?
Received: 24 March 2020; Revised: 8 May 2020; Accepted: 13 May 2020

Abstract

Location of warehouse and distribution center is a major factor affecting transportation cost. Locating
warehouse or distribution center proximity to final customers will help in efficient flow to transport products to
customers more convenient and faster. However, it might affect total transportation cost if there are too many
distribution centers. Currently, Thailand Post Distribution Co. Ltd., a third party company, is responsibility to
send drugs and medical supplies to final customers which situated in various provinces around the country. The
company has one warchouse locating in Samut Prakan province and nine distribution centers locating in several
regions. In the past, the company does not have any investigation about where to locate a warehouse location and
distribution centers and the number of optimal number of those facilities. As a result, the objective of this research
is to find suitable locations of a warehouse and distribution centers for this company in order to transport products
to final customers with the lowest transportation costs using mathematical model. Analysis results via processing
with LINGO software revealed that the company should have one warehouse locating in Samut Prakan province
and twelve distribution centers which will reduce transportation cost by 1,343,170 baht per month or 6.1%.

Keywords: Location Problem, Warehouse and Distribution Center, Mathematical Model
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dusaadulalifidnduiwnduring ielireandssnuguuudynaieh Wl juanuldass @in
€ Ae o A ¥ o & A @ & L
2den3d, 2558) lapgluuuanasgiuwasdyminuanadusuinuimdnd 2 ansusduag iU
Dulymndaimmmdgiganiadainamadiganiih
e bt
FUIUNINTINIRNAYIIAL n AAnNTIN
o F v o @ A
Frwamianlusauvinny m 5ol
P fa Warduinnuszaad
X, fa dusaadulagam j
A L a 2 o o A . 6 v o [ ) ° ' 1 [ ] 1
C, fa audszAnuasdiudsdan j lulsiduiandszasd 1w flsdaniae dunudaniiae

A o a & o A P v o o A
a; Ao sulsAntuesaiudsn j lwSeulatsaudan i
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A ' A A A v o o A,
bj fa ﬂﬁlﬂx‘l"ﬂ“ﬂ']\'i“ln']lli’]“ﬂadeauvL"ll‘Uﬂﬂ‘]JTaﬂ I

Wanduiaguszaad

Maximize %38 Minimize P =C, X, +C,X, +...+C_X,
Gouwlutisey

a, X, +a, X, +..+a, X, (5,>,2,= b,

a, X, +a, X, +..+a, X, (<,5,>,2,= b,

a, X, +a, X, +o.+a X (5,>,2,=) b
X;20
Xj = Integer ;Vj

4.3.3 MIMHALRALYITYMITMRUAM ILTIFUTIUIULAY

ada ' 1] o a o a v dld a v a ~ Qs

AFnswnsassadisitedmivdywiinuanindaduidandsaadulaios 2-3 dauds
unsamnaaaslasisnwldudrndrwinairndsdsiwinenn azfionl i3 5unand (Simplex Method) A
AugmenniiiTadia udlaom ldduuuinuadaduinivdymlunessfauazaemnnsmuinddiuls

darulasImInuIn Inanuuianususenidsiouineildsunsunenniaasunzislunsminaiasy

av 44 o
4.4 9B NNYIVDY
Andrés et al. (2014) lahiauarnnuanadduirmuduuuunanlunsifienyinaiad awauaznns
ﬁwmwnmgluii’m:mﬂﬁuﬁﬂmﬁaaLﬁaa@@i'ﬂ%’] prinszoenITumldtaiinavesym 1ww seozmsluns
PRFIFUM Twuuazauass L ludu wwudiaasmsadiamaaiainangnidsudinim GAMS
(General Algebraic Modeling System) HanmsiUSsuifisuLaasliiAwitwuyaasndumnuanmsagasuani
A5813sfnuuusaLTUI8s Montoya-Torres lunnnad lasfidnldislunisausgasdininga 30.57%

Shitai et al. (2014) ¥inmsidanvintanasnassnamyat Wi laglamnuanisigaduwni®an Location
Allocation Models tHaaadnld3alunisdasiniuaziiniuninisidszisldaseuaquunniige duuugn
. e e X . At 4 o & 44 .
wanduwinlasuonidu 3 dsziduasii dldinondigadionsaseuaguninge nsasauagufinnniigasis
swwdanmning wszmiasauaguianfgadisaldidngs KanTITowUdl nadananiIoh 9 uAILY
ﬁ'}Laﬁé’aﬁvlﬁmﬂmﬁmsw:ﬁmmmmaua@uﬁuﬁﬂﬂﬁ 97.5% wazltIuyszunnie 48 A unsln 4aw
nzENANANIIMIEIIasINanIol 20 wisnaTauaauAunt 100% udlfsudszanmgeta 102 Sunau

£ ¢ A a @ o 6 o A 6 Yo ot

Wl isuadl uazssansal 8596 )2555) aiauauwinislunsdiudszuumanszans

~ o & ' o a . A [% o
wingynmallasnisdnaimiioiuuaninisg )Window) thalimuninasauagunndinaludszinalng
P v o a v o & dad @ .

nuwitpdlaldmnuanmadaduiwnaunizadn dunudyninsasauaguisa )Set Covering Problem
Model) lasfiTarwuaduszaznisszniigudnizansmisyuasdinuimadueniviualiuiniludine
@199 Madszinelaifin 200 Alawasiweliynauganisysu1sndsly navlaniolu-1 34 nan1s3sewudn
A230 Window 119%N6 40 WY

U31913z1a33 ot uaz guwa ummfingdna (2560) ldsiiauauuwifanmshdadunasdiuun
Asandwnulunmidaiienyafiasgudniznsfuddiungdnannanza 1a piifadbdudunudldinaly
nadiwsaznIvnE Tadsduanuiissdegnnasuszfadsdugluuunszusinesn wuaziaadu
lagmsssuvudtaaineadiamaasiuuifaduiimwfunaunaziinnzAndiaaudaWsnsunans
a 6 dyy o a 1 s a a v & ' a
TanUszmduszmilisunsuthnans wenaniidavhnimesesdiuidiudsvesfaioidgunnliiduedgs
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AU LLaz’iLm’]zﬁmmﬁunmmﬁ@‘iflﬁq@mﬂﬁunmamamﬂﬁafﬁhmﬂiﬁiagamaaamumirﬁﬁimaaﬁ WA

a & A A > a a & A o o A A a & &
mﬂfmaLm’]wwmwwuﬂlmammaqs wATTENY eIl uazdnhe Vlmgmaamwmﬂmmmmqw
mzmﬂ§uﬁwd’sugﬁmﬂﬁl’mﬁuﬁmoLﬁaﬂf{hmu 13 fﬁ'dwi'(ﬂLﬁaaﬁnﬂmwa‘lﬁﬁﬁunm’mﬁwﬁq@ NRINNNT
Aenzimsisidunansiaguizad wulanmawisunmiliszduanuidyuesudaziaguzadaonn 1w
ANADLLANAIIN

MINE VTN UAZAME (2560) TAWAIIAIULLNIAGAMEATAVENBNIINGIMUY P-Median Nl
wanmavastmuamnBiduiwamduieuidymnudenriaiiaiedsiaduszdupiinalidelsies
(fl?ﬁéj@I@El‘ﬁﬁ]’ﬁm’]ﬁ]’mﬁunuﬂﬁiﬁ'@]ﬁ'ﬂﬂa‘v\‘l’lvﬂ;ﬁul,l,@ia‘:l,m\‘lLLazﬁ’]sl“ﬁﬁi’lilluﬂ’]i“Uuﬁ\‘l Lﬁaamﬂﬁﬁlgﬁuﬁ'ﬂymwﬁm
a a ] 1 4 Qs ) U U { AI t§/ Qs Qq//
NMINAAIATUVDI INDAARIDEIF DL HBIFIUNIINUAANIININNGDINIT I AT U 29U Tz TN ITLANDY AI9UNS
a ° v A da A A ° 'y Ao A ¥ A AR A9 v o o o
FyzuudsestadundUszaninnazvinlvdsanalnodiadultatnaNusne ﬂimﬂﬂmusl,wagamaamm@
UATTITRNT NAMIFIWINLIN NIUARIIATUNANZENAD 10 WAILRZIN TN 3INYNAY 413,773 Un/d)
AT I AUTITY WazLUITUNT mmgwﬁ(zsm)"L@Tai”wu,um‘haaomomﬁmmamﬂummﬁaﬂ@‘mmm

ﬁﬁdﬂé‘aﬁuﬁwLﬁaLﬂuquﬁnmamﬁuﬁwmniiwmwﬁmLﬁﬂi‘ﬁ’a 3 LLﬁaLLa:Lﬂuquﬁni:mﬁﬁuﬁﬂﬁﬁumjugnﬁﬁ

U dl w A U 1 d’ a Qs U ﬂq: £ L3 k3
Tumeald isasnnludaiugudrazgnasannlssnunaialgigndlasasauazusaiidasldinzian 10 da

U L 1 IA A v U 0 o A v 4 Qs 1 L3
WAz 6 aa‘l,umsa@admmunumwumgamﬁnmimaai‘ MTUARIFUANNDTDITUMTURFIILTDLNTALRDS
rtrandunumMIInas Nwldeildlisinaiissueims 14 dwmialumaldidududsdadulauazlszanana

@1 Excel Solver HaMYATBNUTIATIAIARIGUA NI Iag e INd lasdaudsgninamiduaasd 30.70%
aa o A Aa o
5. 19 NMIALBBNIIIVY

5.1 gﬂl,l,uunﬁmudoauﬁ”m@:umuazn“)jﬁmm“luﬂaqﬁ’u
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DC QUE‘IS’]"E‘EWﬁ ﬂqi.li‘li’]"ﬂ‘ﬁ’]% FAIRSIN UIﬁﬁE 2IWILAITY Nqﬂ(ﬂ’]‘v\’ﬁ

- ™ o a
DC uﬂiﬂgﬁiiuiﬂ“ﬁ WAIAIDIININT ‘W‘V]qud @3 NIy

£ A P
DC ﬁ;iﬂﬂggﬁ’]ﬁ ﬁ;i’]HQﬁﬁ’]u ﬂuLﬂﬂ W "IE&JWS U

2 =
DC FIVAD RIVRT UINDINN a@a Taandt szan

<
5.2 mimmmswﬁaga

[17]



NyensadAuszgnuazmalulagansauwme U0 5 atduil 1 (unsiau - Tguiey 2563)

5.2.1 @ lFaalumIdinu e AR IFUALARZ LA Ay T S P R IR A T Vb T R REE VK,
EnNIRBELARzUTELAN
LﬁaamﬂquﬁﬂizmsﬁuéﬁLL@iazLLmﬁmw‘hLﬁuﬁammﬁmﬁauﬁuﬁaLﬂmﬁmquﬁﬁuﬁﬁLLazLﬂé"ﬂu
AU NI UL a9t ml"ﬁﬁhalmﬁmimﬁauﬁm%’uquﬁm:mUﬁuﬁwLwial‘mm:ﬁmu@llﬁﬁmmﬂﬁu
@iﬂ%ﬁhma’ﬁ"miaLﬁauﬁmrlﬁq@maaquﬁm:mﬂﬁuﬁwﬁﬁagluﬂaqﬁwfaLmﬁ'u 162,700 LINABLADK &I
@h‘l,?i”ihalLaﬁﬂ@iaLﬁ@%ﬁﬂﬂ%’ﬂﬂé’dﬁ%ﬂ”ﬂLLmsLmiazﬁmuﬂlﬁﬁ@hwhn"’umsl,‘ﬁihﬂmﬁwimﬁawaaﬂé'aﬁuﬁﬂﬁﬁagj
1 LLﬁaluﬂaqﬂu%awhﬁ'u 5,000,000 UndaLian thasanassFudduanuigmsuiiusnsn fud 15l
ﬁaomuquqm%gﬁl,ﬁiaiaﬁﬁdogﬂﬁﬁqﬁ@hl*’ﬁﬁhﬂﬁgdﬂdﬂ@yé”wﬁaﬁ"l&i’%’umnvmu’%ﬁ'ﬂ
srumnue Al Tl suudsFuindninue 2 Uszian ldun sanTeus 4 SafnsunsunaIaud
mnmﬁ'sﬁuﬁm’%aquﬁm:mLlf?mﬁwvlﬂﬁagﬂﬁwﬂmymmazmmmﬂ 18 REINILNIVBFIRWAIINARITUAN
vlﬂﬂ'agmﬁmzmyﬁuﬁw aouaasluanTon 2 éww%’uﬁunumﬂuda§uﬁﬁmUiu{dﬁf@ﬁgﬂﬁaﬂlﬁﬂuﬂé’d§u@1’1
ﬁaquﬁﬂizmﬂﬁuﬁwzﬁwmﬂum@hmﬂmzm 4 founziienlFinoszanm 1,850 vmaaties lagsnsdean

v v 1A ¥ a o IA v v { U v v v
U QHQ@]WYJ WNIIVBRIRUAY aamaumwm"lmwmunmﬁ El’Jﬂa‘]_JVL’J CRIELIIGE)

A19199 2 (;]/%‘V‘!%ﬂ’]i"ﬂuﬁ\‘] U LLa:ﬁ‘hmumsnﬂm DILBWNIRBEUG AU IZLNN

UsznngnwnInne ﬁunumiwuéa (Ln/na.) IIMIKUTIND (NADI/AW)
SONITU 4 |8 22 7
INUTINN 18 88 38 60

5.2.2 mm@Taamiﬁuﬁwaa@nﬁ%wia:é'wi'ﬂLLa:a‘ﬁmuLﬁmmmw: 4 88

mm@TaamiﬁuﬁwaaQnﬁ%wﬁa:ﬁ‘wi‘@ﬁmu@lﬁtﬂuﬁ’maﬁi@sl%@hmﬁimmﬁagammﬁaami
Aududaziimiaasudidauunmay fa Sueu 2562 Lﬁaomﬂ%mﬂmu%’gvlﬁﬁﬂ'ﬁﬁmum‘hmuﬁﬂ@T’lﬁmmm
iaa%'uvlﬁ@iaLﬁauﬁﬂﬁﬁ‘hmugﬂﬁﬂLwia:a‘i’mi’ﬂluu@iauﬁauﬁauﬁwmﬁ' FIUSIWIWALITANTZLS 4 BEFIUIT
NNANNABIMIFUAUANZIINIAM TIL TN TINNGS wsasluasnen 3 %owamiﬁwmmﬁiﬁa:gnﬂ@ﬁﬂﬁ
Huariwmdursmuaitasannuisnindudassasudlidiudusa

A1519N 3 mmﬁaamiﬁuﬁwaagnﬁm&ia:ﬁ‘mi’ﬂLLa:ﬁ‘hmuLﬁy'sinmzu: 4 88

analangnie AMNADINITAWAT (NADY) SwImNIBITaNTELE 4 a8
1 DNTNN 1,406 201
2. 7013 354 51
3.uavdsu 331 48
77.8em 53 8

5.2.4 328NN TUBEIFUAINAWNI M g3t aanig

ANTAIWIHILULN NIV BEIRFBANING U9 lUg3Uanan N et I lEruanuunag

amamaasanIunIuluatin JIuaauasi

5241 \AUTUTINToYaRNA Latitude/Longitude 189A181Na191/329193130310 Google Map

VN LT T U NUANL A UIN I D ILARZIINIA
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5242 lFdiAna Latitude/Longitude 89ueaz3InIANLALIILIINGINTD 5.2.4.1 lun13ma
F2UZNWIRINARNI-UaIenIudazdain Google Map lasfnualiion | Ao assdud {1,2,3,...,25} 100
J @8 quﬁm:mmﬁuéﬁ {1,2,3,...,25) 1w K @8 Qnéﬁﬂmﬂma {1,2,3,...,77} uazuignisdwimaantdn
2 29695 1) TLHENNINARIFW | lufagudnizasfud j 2) swuznsanasidudy i niagudnizae
fudh | lddsgndndanama k GauaaaluaTifi 4 waza13197 5 aaEAL

A197199 4 TTHENHIINARIRUAN ivl,ﬂﬁ'aguﬁmzmﬁﬁuﬁwj(‘mu',m: Alauas)

i’j 1 2 3 4 5 6 7 8 9 25
1 0 216 384 745 650 989 1,510 1,401 1,706 796
2 212 0 317 679 583 922 1,416 1,308 1,609 874
3 381 320 0 384 360 628 1,127 995 1,319 579
4 749 688 391 0 316 341 1,002 893 1,198 280

25 937 875 578 284 382 63 1,281 1,172 1,477 0

P > A v o, A 6 a v o, a v ] a
MN139N 5 ITYUENIIINNARIRWAN | ‘Iﬁiﬂﬂ%ﬁlﬂix"ﬂ’mﬁuﬂ’] J vl.ﬂild@ﬂﬂ’]ﬂﬂ’]ﬂ“ﬂ’]\‘l k (B8 ﬂIE‘]LSJ@]i)

i,j/k 1 2 3 4 5 6 7 8 9 77
1 0 216 384 745 650 989 1,510 1,401 1,706 1,830
2 212 0 317 679 583 922 1,416 1,308 1,609 1,733
3 381 320 0 384 360 628 1,127 995 1,319 1,440
4 749 688 391 0 316 341 1,002 893 1,198 1,323
25 937 875 578 284 382 63 1,281 1,172 1,477 0

5.3 AAMUUNISAMAFIFAT

L6 )Set(
I @8 aasdum {1,2,3,...,25}
J fe gudnznwdud {1,2,3,..,25}

K @a gnddanens {1,2,3,...,77}

N1713LAD3 (Parameters)

o,

F, fAa dununyduiumsvesgudnizansdud j

D, fa szaznmalunisvusifudrannuisnguialddinasiud i

D, fia szuzmilunsvussdudranadidud i ludsgudnazansfiud
D, fla szuzmaluniaussfudranaasiud i ldsgnédn k

A

D, s szaznalumsvusidudangudnazansiudr j ludagnen k

fa aj’ﬂmul,'ﬁ'msnmmﬂ i dadmiLudaFudnuIEngnialudiadsdud 18

, fie fﬁﬁmmﬁmmmmﬂ fadmsuandsRuaanaas uefimnualy 1869
AUENIZANBRUA |

N, do swawiisasanszue é’aéh%%’wudaﬁuﬁ’ﬂmﬂiuaﬁ'aﬂi'@ﬁgﬂLﬁansLﬁLﬂu 4

ARIFWA |
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N; fio Fwmfinnnszus ei”aﬁm%’wudaﬁuﬁﬂmﬂsluﬁ'wi'ﬂﬁgﬂﬁan’lmﬂu 4
ARINITZNDFU |
N, fo sruawiisasanszuz k sadnibsudiFudnasidudmIsguiniznedud ludigndn 4
Q fia UTnmanudaansdud1vasgne k
Aulsananla )Decision Variables)
Y, e{0,1} Tap Y, =1 dufenasassfuddidiuns i Saziu Y, =0
Z,€{0,1} law Z, =1 ﬁWLﬁaﬂ@‘i&aquﬁm:msﬁuﬁwﬁ@‘mmm j faziu Z,=0
X; €10,1} lan X, =1 dhaasdudn i vnsssdudlddiguinszasfud |
faziu X; =0
Xy €40,1} lag X, =1 dhaasfudn i vhnsdsdudlddegné k fazin X, =0
X €40,1} Tag X, =1 taudnzasfudn j vinssadudlddsgndn k
Jaziin Xy =0
Wonzwingulszaod

Min Z = (5,000,000 3Y,) + (3 F,Z,) + (38x 3 DRY,) + (38 33 D,R, X; )
i1 j=1 i1 i

i=1 j=1

25 25 25 77 25 77
+(L850X (ENY, + SN ,Z,)) +(22x 3 3 DN X, ) +(22x 3 3 DN, X ) (1)
i=1 j=1 i=1k=1 j=1k=1

naladasing

Y, 21 @)

i=1

25 25

SXp+ S X, =1 VK (3)

i=1 i=1

25 .

; X =2; 3V (4)

X <Y, ; Vi,V (5)

X =0 ;Vi= | (6)

X Y, ; Vi, vk )

Xy <Z; ;Vj, vk (8)
77 25 77 i

RiZ(l(lekXik+ani(Z‘4]QkakXij)/60 3V 9)
= j=lk=

R, >(3Q.X,)/60 Vi (10)
k=1

Y, €{0,1} ; Vi (11)

Z;€{0,1} ;Y] (12)

X, €{0,1} Vi, Vj (13)

X, €1{0,1} ; Vi, vk (14)

Xjk € {091} ,VJ,Vk (15)

Wanduiandszasdniaaumaidimans )1) idunsmdunienasndsfudiuazgudnizaoFudivh
1ﬁﬁunumsﬂuuda§uﬁﬂ@mauﬁm@‘hﬁq@ Tagwatin 1 Lmu@i”wqumi@‘hLﬁumumaméﬁﬁuﬁw WIUN 2 unu

@Tu"qumi@i’wLﬁmmmaaguﬁmmwﬁuﬁw WU 3 Lmuﬁunumﬂudaﬁuﬁﬂmﬂ 72009 WHIARIFUAT WAL,
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{ & a

N4 Lmuéfunumsmum§uﬁwmnwé’a§uﬁﬂﬂJaquunszmsauﬁ’l waslfl 5 meTunumwudaﬁuﬁwmﬂu
ﬁ‘i’qﬁf@'ﬁlgﬂLﬁaﬂlﬁl,fluﬂé'a§uﬁm§ag{u£ﬂszmﬁ§uﬁw Wil 6 Lmuﬁunumﬂumﬁuﬁwmﬂﬂéﬁ§uﬁw"l,ﬂﬂ'q
andn w8z WaLR 7 Lmuél’unumsmuaaﬁuﬁwmﬂquﬁmzmuﬁuﬁﬂﬂﬂhgnﬁw FUNTTOING )2) 1Dunsdnon
TaasduAGadlad1ies 1 us aun13T8d11a )3) Lﬂum‘sﬁuﬂ”uiﬁgﬂﬁmm‘f\mfﬂaﬂﬁ{uﬁuﬁﬁ qUN1I
Todna )4) uaz )5) iumstuduitgudnszanedud j Mdalwusmas ldsuaneanassudueiies 1
wisuazidluassfiud i Adaliusmsiniu sunstesaia )6) tumsiusuinle 1 Saniaezdudnasdue
vﬁaquﬁmzmﬂﬁuﬁ’m@iLﬁmaﬂ'wlﬂammﬁawhtfu FUNTTEINNG )7) Wae )8) Lﬂumiﬁuﬁmwgnﬁﬁﬁ k 2
ldsRudanasidud i wiaguiniznpfud | Adalwusnswintiu sumstadnna )9) Wunsduimm
ﬁ‘hmmﬁmsnmmﬂﬁﬁaﬁamﬂ 3 i zue9 lWSsasedud.Mdaldusnis sunstasina )10) 1uwnis
ﬁwmmma‘hmmﬁmmmmnﬁﬁaﬁammé’a§uﬁ'1vl,ﬂﬁ'agma‘mzmm’%uﬁ’] j Midal#uinis sunitesana

)11) £14 )15) .udadnadiaiavasaiulsaaanla

5.4 nydszananandalisunsa LINGO
MU AIFILLUN A DA EAS AT D 5.3 IﬁayﬂugﬂLmummmﬂﬂﬂnmw LINGO widaantdn
5 A% MIRINLTS NNIHUIY AulIAaRWIa NMIReINWITTLeeT ﬂﬂiﬁmﬂuﬂaﬁfuf@qﬂ‘i:aﬁ LRTANT

fenutaiing é‘maﬂﬂugﬂﬁ 2 PINBUANNTUIZNIRNAGIBEIFI Solve

Seta:
WH: Wi, Ri, Di, ¥i;
DC: Wi, Fj, Ri;
Cus: Nk, Qk;
IE(WH,Cus): Dik, Hik;
IJ(WH,DC): Dij, Xij:;
JE(DC,Cus) : Djk, Xjk;

End sets

Data:
WH = @OLE (D:\LINEO\Thesis'\MathModel xlsx);
Ni = E({D:\LINGEOAThesis\MathModel _xlsx);
oC = D:\LINGOA\Thesis\MathModel xlsx);
Hj = YLINGOWThesis\MathModel . xlsx)
Fj = S LINGOWThesis'\MathModel _xlsx);
Cus = g SALINGOAThesis\MathModel xlsx) ;
Nk = @OL! Y LINGCYThesis'\MathModel .xlsx);
Rk = EOL WLINGOA\Thesis\MathModel .xlax);
Di = @OL] \LINGO\Thesis\MathModel .xlax);
Dik = @OLE (D:\LINGO\Thesis'\MathModel .xlsx);
Dij = @OLE(D:\LINGO\Thesis\MathModel .xlsx);
Dik = @OLE (D:\LINGOYThesis\MathModel _xlsx);

End data

10b5 -

: 5000000%*¥i{i)) + @sum(DC(j): Fj(jr*2ji3))
(WH{i}): 38%Di(i)*Ri(1i)*¥i{i)) + @sum{IJ{i,J): 3B*Dij{4i,J)*RJ(J)*Hijii, 7))
+ (1850* (@sum(WH{1i): Ni(i)*¥i(i))+@sum(DC(j): NJ(JF)*Z23(3)rn)
+ um (IE (i, k): 22%Dik{i, k) *Nk(k)*Hik(i, k)) + @=sum{JK(j, k):

22*Dik (], k) *Nk (k) *Xjk{], k) ) )7

D ¥ii)) == 17

© (Esum(WE(i): ik(i,k))+Esum(DC(3): Xik(d, k1)) = 1);
j): @sum(WH(i): Xij(i,3)) = Z3(3))7
LJ0: Eijii,j) == ¥iidl)s
: Hijii, i) = 0 s
D Hikii, k) <= ¥il(i))s
T Kjkij. k) == Z3(30)#
: Bifi) »= (@aumiCusik): Qki{k)*Hiki{i, k)) + @sum{JE(j, k): Qkik)*Ejki{j, k)*Xij (i, 3)0)/80);

: Bji{3) »= @sumiCus(k):

Qki(k)*Ejk(]d, k)1 /80) 7

i): @EBim{¥i));
: BBimn(Zj));
: BBin(Xij)iq
: @BBin(Hik));
{ : EBBin(Xjk));
i)z @Gin{Ri));
j): BEin{Rj)I;
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A Fuzzy Analytic Hierarchy Process Approach for Optimal

Selection of Thai Commercial Banks' Cardless ATM services

Sirithorn Wiratchapan'* and Pramote Luenam?
Received: 3 July 2019; Revised: 16 June 2020; Accepted: 18 June 2020
Abstract

In recent years, cardless cash transactions have gained a lot more attention from Thai financial
institutions. However, consumer demand for cardless ATMs is relatively low. One key to improving cardless
ATM acceptance is to build consumer satisfaction by delivering best-in-class user experiences. The study focuses
on the use of Fuzzy Analytic Hierarchy Process (FAHP) for optimal selection of Thai Commercial Banks' cardless
ATM services and identifying the best service approach according to the consumers’ expectation. The study used
questionnaire as the main data collection instruments. The population of the study included Thai adults aged >18
years, living in Bangkok and its surrounding areas. A sample population of 400 was adopted to represent the entire
population.

The alternative approaches of providing cardless ATM services are particularly selected from most four
popular commercial banks, namely A, B, C, and D. Results show that the three most important criterion in
selecting the alternative include: (1) the methods for withdrawing money, (2) the transaction expiration time, and
(3) the method of specifying the amount of cash withdrawal, respectively. In addition, the most important attribute
is cash withdrawal from ATM via QR Code. Based on the evaluation criteria, C provides the best service approach
for cardless ATM consumers. These findings could be applied for designing and customizing cardless ATM
services to best suit customers' needs.

Keywords: Fuzzy AHP, multi-criteria decision making, Cardless ATM

*Corresponding e-mail: w.sirithorn@gmail.com
1,2 Information Technology Management, Graduate School of Applied Statistics, National Institute of
Development and Administration
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criteria) Miagludausuaaain luudszinmrivmdulidndudasfisiwnnmsitesvinu inowinidaalu
Seutwdsanuasiianudagrinioutu wedaldinaindanuddgiesniaglusautudandly udas
inigasdsznaudsaianuuelIzin wie wann3iag (attribute) vasudazinmam dm‘l,wﬁ‘udwqulumuﬁan

(alternatives) NIRNANI

(2
o ] o

wasnAidhnin (weight) llganuinaeimdadula axvhlilddazuuugarivasnuusaiinly
Sadiauazuus dannilacuuninnigaazidudifaninanzaunge
ATEUIBNTVBINTEAUTWTITATIEAULUN DT (Kwong & Bai, 2002) 138a1n¥innsiUIsuLfiauan

SneifivuiAnaNsd (Fuzzy Comparison Matrix: FCM) snansnuaasiunindifioudesled A(a;;) Alavodi

& a v &
LWaThUURINRRsN laadh

1 a3 v Oy-1y  Gin
d21 1 d23 dz(n—l) dZn
A =| . . | .............................. (1)
| a(n—l)l d(n—l)z d(n—1)3 1 a(n—l)n |
l dnl dnz dn3 dn(n—l) 1 J
lagf

. {1' i1=j
i =17 53 /5 & = 5 = 5 = ] ]
Y11,3,5,7,9, wie 171,371,571, 771,071 %

fwrtuenlainu (eigenvalue) nunfienuiin win A waning la 9 azfinaees ¥ Nazvinld
AR = I8 oo 2)
a

(eigenvector) uuylaiuiaaiaasguel (non-zero vector) X flawafid 1 x n faunfndsznaudiodadiuiuad
%; uaz A AeWwdunuaindandumnats uasidunaiaas (solution) vadauns
nnmilgadiamaasuuutig (interval arithmetic) uaz o-cut lumigmuazuINUUUNTE aun3 (2)

Mg UL
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[afyxfi, afiuxind @ - @ [afuxio amuXind = [AX A, ] o (3)

Tagh
A = [dl]], ft = (fl, ey fn)
afy= [af, afu] % = [xf 2] A% =[27, 48]

7T 0 <X <1 uaznn I, j lagi=12,..,n war j =1,2,...,n

fsuNnsndnisaaaula (judgment matrix) A azinundsziduszaualnuionala (degree of
. . Yo A A . L. ' A 2 A A = o A
satlsfactlon)I@]&lmﬂ"m“}juqutm (index of optimism: ) AUad U mqmm&lmwaﬂ’nuﬂ’nuwx‘iwa%gd AT

qﬁsl&lLﬂuwan&maunﬂﬁﬁmmﬁ?dLﬁu (linear convex combination) RIUNTDMAUALFIN (Lee, 1999)

~0

aj; =uaj, + (1 — wagy, Vi €[0,1] oo (8)

A o : v A A _ 6 = o e oA A A a
LAMAUA AN OCVL’)@N‘Y] LN‘Y]‘iﬂEIj@]E]vl,ﬂuﬁ’]lﬂiﬂﬁ’]vl,@ﬂ.@ﬂﬂ?iﬂ?‘lﬁ%@]ﬂ?@“ﬁuquﬂu U iU TzLdna1nIl

=<
wiwala
1 ag, .. agy,
~ ~Q
pe a 1 v a
A=|"?1 . e, (5)
~ ~
anl aTLZ 1

fnsumamean lainunaaesi lalasmwue u IﬁLflu@i'lmﬁ'uﬁaﬁwmmm@hgoqmaaﬂ'ﬂamu
INTHATIVFALFNSATIFINANF DI (consistency ratio: CR) BoIudaztun3nBifigufio swesd dn

CR # Treldulaiwasniuasmaninaivisianldiudanudedold (Saaty, 2000, Kabir & Sumi, 2010)
lasaunsndszanmen CR nnaums

CI
CR = = (9)
RI
I@]EJ Cl AaAuiaNNGaIN (consistency index) RINTDATUITH Cl Vlﬁﬁ]’mﬁuﬂ’]i
A -n
Cl = (10)
n—1

108 A0, AR A ﬁﬁmgaﬁq@m@ﬁmwamaﬂ YRIRUMT (2) UaT n favwadfvasiuning

&% RI (Random Index) ﬁamﬁwﬁﬂﬁa%wﬂmnﬁaju usaUszana R ldnand 1 ewawe
NAvasunindiisuiduawag

fi1 CR ﬁmm%’u”l@‘fﬁuagﬁ‘umm@maamw%ﬂ% LT Ln3nguwIe 3X3 f1 CR Ainansuld laitfu 0.05
LlN3nFuuna 4X4 dn CR Awansuld luifin 0.08 Lunsnduwia = 55 d1 CR nwansulddastonnin nie
L¥inTiU 0.1 (Kabir and Hasin, 2011) $i3fiwn CR ﬁﬁ'lmmm"l@‘fﬁﬁ'lgand’lmﬁﬂau%'uvlﬁ Foshafimwuely
fmiunauioufisunagluamindifisuidssiadun vnliensiuszdiuduilulng (Kwong and Bai,
2002)

@1319 1 duaduaridnibaiminiiasislasnsgu Rl finn: Kabir and Hasin (2011)

n 1 2 3 4 5 6 7 8 9 10

RI 0.00 0.00 0.58 0.90 0.12 0.24 0.32 0.41 0.45 0.49
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WAIININTNRNNULLFOUANANLTEAIANAGIY T1sunsu MATLAB version 7.7(R2017a) aaung )
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