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Due to the 2011 flood crisis in Thailand, a number of drug manufacturers
were inundated with flood water for a few months. Some drug manufacturers were not
directly impacted by the flooding, but they could not distribute of drug products to
their customers due to the transport disruptions. This resulted in a shortage of drugs
supplies to many hospitals, especialy those in the remote areas of the country. The
purpose of this research isto identify the essential criteriafor drug supply distribution; and
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Sensitivity analysis was conducted to measure the weight of criteria impacts on the drug
distribution center location. However, the result may be different as the weight of each
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CHAPTER|
INTRODUCTION

1.1 Background and problem

The drug distribution center is one of the impottplayers in healthcare
supply chain which distributes drugs to the ho$pitefore the drugs are prescribed to
the patients. The efficiency of distribution is assary for patients safety and
professional services because drug is one of the riecessities for people living.
There are many reasons that distribution centenmataoperate effectively, hence
drugs cannot be delivered to customers correctys€ of the disruption may be from
natural disasters such as flooding, earthquakemstg, and tsunami or from other
made disruption. The top 10 national disaster basethe number of killed and the
economic damage costs during 1990-2012 are showahble 1.1 and Table 1.2. From
both tables, flooding has been the important prakte Thailand for 112 years in term
of skilled and cost. The recent flooding during 2@hd mid-January 2012 cause more
than 800 people died and 13.6 million people wéiected by the flood (Emergency
Operation Center for Flood, Storms and Landslid&l22. From the World Bank
report, there were 65 provinces in Northern, Nastern and Central of Thailand
damaged and costed about 1,425 billion Baht. Ofciwhthe manufacturing sector
suffered the biggest damages and loses of 1,00@nbBaht (The World Bank, 2011)
(Figurel.1).

According to the Ministry of Public Health, over @idug factories of 393
drugs manufacturers in Bangkok and surrounding ipo@s were affected directly
from the flood (The Government Public Relations &é&ment, 2011). Like other
organizations and industries, many of drug manufacs had shut down during crisis
due to the factories had been under the flood waténeir employees could not go to
work. The production lines were down for shortagematerials, energy or labors.
Some drug manufacturers did not get the direct anfram the flooding, but they

could not operate and distribute drugs to theitamsrs due to transport disruption.
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Although some drug manufacturers in flood—free atehnot get the direct impact
from the flood, the raw material suppliers could distribute raw material for their
production. Some main roads were inaccessible addect routes were used for
transportation instead. The transportation intdrompincreased travel time and costs.
These had a big impact on the entired hospital lgugmin including manufacturers,
distributors, hospitals, and the end customergptients (Liangrokapart, 2012). As a
result, a lot of hospitals have experienced theks&ghortage of drugs and medical
supplies due to the transport disruption and tliecarstomers had got all the shortage
risks. In particular, the patients in emergencyadgpent or intensive-care units may
get the worst impact from the drug shortage.

As the transportation disruption was the majorbfm on the drug
shortage in many hospitals, it was challenging ita fsolutions for solving the
problem. The Minister of Public Health, Wittaya Boasiri has instructed to the
government on 1 November, 2011 to solve the problergently. The alternatives are
to find new drug manufacturers distributors forlagpment, to import drugs and to
distribute the drugs fast to the target hospitiis,(2011). This is corresponded with
the perspectives and recommendation from hospxatwgives, drug manufacturers,
drug distributors, and representatives of the Fadl Drug Administration (FDA) on
the open public session and personal interviewsThne possible solution is to build
a new drug distribution center located on the flie@ zone area with full
accessibility during the crisis so that the disttibn center could continue transfer
drugs to the customers without any disruption. rideo to find the best new location
for the distribution center, a number of factorewdt be identified and considered.
Therefore, research questions are

1) What are the factors to be considered for éstabg a drug distribution
center?

2) Where is the best location to establish a dtistribution center to be

saved from disruption?
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Table1l.1 Top 10 Natural Disastersin Thailand for the period 1900 to 2012 sorted
by numbers of killed (The Global Emergency Events Database (EM-

DAT), 2012)
. Numbers of
Disaster Date )
Killed
Earthquake (from tsunami in the southern arealpecember 2004 8,345
Flood (65 provinces) August 2011 813
Storm (made landfall in Nakhon Si Thammarat
. October 1962 769
Province)
Flood (Nakhon Si Thammarat province) November 1988 664
Earthquake ( near Patani province) June 1955 500
Tropical Storm Gay (the coast of Chumphon
. November 1989 458
Province)
Flood (in the southern area) October 2010 258
Flood (in the north center area) January 1975 239
Flood (in the center arga August 1995 231
Flood (Uttaradit, Sukhothai, Phrae, Lampang and
August 2006 164

Nan Provinces)

Table1.2 Top 10 Natural Disastersin Thailand for the period 1900 to 2012 sorted
by economic damage costs (The Global Emergency Events Database
(EM-DAT), 2012)

Disaster Date Damage (1000 US$)
Flood (65 provinces) August 2011 40,000,000
Flood (Nakhon Si Thammarat Province) November 1993 1,261,000
Flood (affected from tsunami) December 2004 1,000,000
Earthquake (in southern area) November 1989 452,000
Tropical Storm Vicente (Bangkok) January 2005 420,000
Drought (in north-east area) December 1993 400,100

Flood (in northern area) August 1978 400,000
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Table1.2 Top 10 Natural Disastersin Thailand for the period 1900 to 2012 sorted

by economic damage costs (continued)

Disaster Date Damage (1000 US$)
Flood (in northern and cent area) January 1984 400,000
Flood (Nakhon Si Thammar:
October 1993 319,850

Province)

This research presents the location selection garfoe drug distributior
center using multcriteria decision makinglt is used tomanage information ar
difference decision makers’ opinion for choosinigilative.lt applied fuzzy theory t
model multiple criteri decision. The vagueness or unclear informi which
gualitative criteria and the rating of each altéirealocation rom decision makers c:
be converted to fuzzy number. en, the fuzzy numbewas analyzed ai used for

location selection fodrug distribution cente

= Manufacturing sectc
1,007 billion baf
Tourism sector 9.

billion bah

= Housing sector 8
billion bah

® Agricultural sectol
40 billion bah

Figure 1.1 Thetotal economic damages and losses from the 2011 flood in
Thailand as of December 1, 2011 (The World Bank, 2011)

In thisresearc, we use the technique called TOPSIS (Techniqu®fder
Preference by Similarity to Ideal Situatir which has been used solve fuzzy mul-
criteria decision making problel in several industries (Pergf8008, Krohlinget al.
(2011), Ho (1993) anBhyjith et al., (2012))
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1.2 Objectives

The objectives of this research are following:

1.2.1 To identify the essential criteria for selegta drug distribution
center location.

1.2.2 To propose the best district in Bangkok fetablishing a drug

distribution center which can still operate durftupd crisis.

1.3 Scope of work

This research considers only the 50 districts imdgkak as possible
location for establishing a drug distribution centdich can still operate during flood
crisis. The other unavoidable situation such as, watil war, overthrow, protest,
terrorism, sabotage, rebellion, closed road, riotother natural disasters are not

included in this study.

1.4 Expected results

1.4.1 A list of the essential criteria to be cdesed for location selecting
for a drug distribution center.

1.4.2 The proposed best district in Bangkok fotalesshing a drug

distribution center which can still operate durftegpd crisis.

1.5 Organization of the study
In this study is divided as follows. Chapter 2 pras literature reviews. In
chapter 3, presents the research methodology. &pteh 4, presents result and

discussion. Finally, the conclusion is presented.
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CHAPTERI I
LITERATURE REVIEWS

This chapter shows the related literature reviearsthis research. We
separate this chapter into four sections: 1) ugtion center 2) Hospital supply chain
and the role of Drug Distribution Center 3) Theofynethodology 4) The Criteria for
Location Selection and 5) The flooding situatior2011.

2.1 Distribution center

2.1.1 Distribution center : the definition

A distribution center (DC) is defined as a wared®wr specialized
building which stores the products under the sietalype, dimension, volume,
temperature and humidity to deliver to the cust@r{&orat, 2009). It links between
manufacturers and customers to flow finish produlctthe supply chain (shown in
Figure 2.1). The good practice of distribution egstresulted in reducing inventory
level, inventory carrying cost, the final price thle product and processing time in
order processing. The key factors for location sieai that affect retailers’ decisions
to choose the manufacturer’s products are delitrarg, quality, total cost, and ability

to meet consumers’ urgent/special needs (Korpaldahmusvaara, 1999).

2.1.2 The activity of distribution center involves the four processes as
follows (Shiau and Lee, 2010; Sorat, 2012).
2.1.2.1 Receiving
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\| manufacturer
. (oem)

distributor/
raseller

supplier

khﬁ_{%ogiﬁics
Figure 2.1 Distribution center in supply chain (Raksri, 2010)

The receiving process is the first process that products
arrive to distribution center, the receiving depamt should order to get products out
of the carrier to the specific area. Next, inspiet products such as number, size,
weight, condition, and price follow distributionrder’s invoice or the invoice that
come with the trucks. After that, indicate the proidcode and the position of product.

2.1.2.2 Storing

Move products to the shelf in the right positidine condition
of storage is suitable for especially products.hSas, grain can keep fresh if store in
low temperature (Liu and Ma, 2012).

2.1.2.3 Picking

This process is to retrieve the products fromirtls¢orage
locations to satisfy customer orders and groumptbéducts that ordered from the same
customer.

2.1.2.4 Dispatching

This process is to redistribute the finished paid to the
retailers, wholesalers, or consumers. The prodbefere distributed are checked
follow the order, packed, and loaded in carriere Thstribution center provides the
customer to deliver with 5Rs - Right Time, Righa€d, Right Quantity, Right Quality,
and Right Price.
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2.1.3 The advantage of distribution center (Shiau and Lee, 2010)

1) Distribution center consolidates the productsn many
manufacturers to distribute the same customers.

2) Distribution center chooses the appropriateermodal
transshipment to proper each customer region.

3) Distribution center assorts products and paakowed
customer orders.

4) Distribution center helps supply chain towfllgroducts
thus, the supply chain is perfectly.

2.2 Hospital supply chain and therole of Drug Distribution Center

2.2.1 Hospital supply chain

Gui-sheng (2010) described the hospital supply rcheomposed of
participants, activities, and the three flows -istig flow, capital flow and information
flow. The main participants are suppliers, the tasand patients which involve the
value-added activities and processes to plannimprdinating, controlling and
optimizing (shown in Figure 2.2). The aim of thevsee to patients is 6 Rs - right
product, right quantity, right quality, right statéght time, and right place. Bourlakis
et al. (2011) presented the supplier provided drugs @&ndces to the customers-the

hospitals, and the hospitals deliver the serviahéoend customers-the patients.

//
< capital

... /’/IT_—J\\
='- <in ormat10n>
= b= P

ogistic >
A

supplier hospital patient

Figure 2.2 Hospital supply chain
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The pharmaceutical supply chain which comprise oofanizations,
processes, and operations shown in Figure 2.3.stipply chain is composed of one
or more suppliers, manufacturers, warehouseshligion centers, wholesalers, and
retailers-the hospitals (Shah, 2004). The manufactarders the raw material from
suppliers, produces drug and supply to the diginibu The raw material suppliers
produce chemical for drug production. The drugsupply chain are domestic drug
and imported drug. The distributor supports drugsthe retailers-the hospitals,
pharmacies, clinics but the retailer in this reslears hospital. However, the
pharmaceutical supply chain is not similar to othigpply chain because required high
follow to ensure security and strict regulationshsias good manufacturing practice
(GMP) (Yadavet al., 2011). Vibulpolpraseret al.(2002) defined drug distribution
center as a warehouse or specialized buildingstoilolute drugs to customers.

s |

& s / S
A ¥4 . . ']l W,

Wholesaier Distrbiuios
(Primary)

e

Suppiier(s) Manufacturer Pharmiacy o Hospital Palient

i
LN

LY
| |
‘ Ny
sy N iy
3 gy

I,
A Wnsilessler Distributar
[Secandary)

=
=
o

Repasckager

Figure 2.3 Phar maceutical supply chainsfrom supplier to patient
(U.S. Food and Drug Administration, 2011)

2.2.2 Drugdistribution center

Most of the drug distribution centers are belongegrivate organization
except one belong to the government. There ardytdth6 drug distribution centers
and a Government Pharmaceutical Organization (GF®ulpolprasertet al., 2002).
According to companies’ directory in MIMS (Thailgn@008), the main private drug
distribution centers are Zuellig Pharma Ltd.,, DK@Hhailand) Ltd., and BJC
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Healthcare Co, Ltd. Zuellig Pharma Ltd. is the rildsttor for 46 pharmaceutical
manufacturers, DKSH (Thailand) Ltd. is the disttdou for 39 pharmaceutical
manufacturers and BJC Healthcare Co, Ltd. is ts&ridutor for 16 pharmaceutical
manufacturers.
U.S. Food and Drug Administration (2003) and DwdoiConsulting LLP

(2008) explained three models of the drug moventierugh the drug distribution
system (Figure 2.4). Model 1 is the simplest thanuofacturer sell directly to the
retailer. This model is suitable for high-price gsuwith a limited provider. Many
manufacturers use model 2, there are one distrilouteven a repackager but model 3
differ from model 2 that there are more distribatofhe manufacturer delivers bulk
drug containers to distributor and the distributiiten repackages into smaller

containers before sale to the retailer.

Model 1 ) _
Manufacturer —>J| Retailer ‘
Model 2 r Repackager j
Manufacturer ———— Diseibuies —_— Retailer
Wholesaler
Model 3 F Repackager \-1
Distrib ” ’ D'. t i v
istributer/ istributer. )
Manufacturer Wholesaler Wholesaler | etadlor

Figure 2.4 Drug distribution model
(U.S. Food and Drug Administration, 2003)

2.2.2.1 Thetasks of drug distribution center (World Health,
2010)
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The task of distribution center is depended oreement
between the drug owner and distributor. Drug distiors are classified into the drug
owner’ distributor and employ distributor (third rpa logistics). The services of
distributor are procuring, purchasing, holding,ristg, selling, supplying, importing,
exporting, or movement of drugs, with the exceptidrthe dispensing or providing
drugs directly to a patient.

2.2.2.2 The advantage of drug distribution center (Matrr,
1989)

Increase convenience to the hospital/pharmaciesortier
drugs. A service from efficient distribution is greatercreasing opportunity for
activities at the retail level, ensuring a competitadvantage. Drug distribution center
services specific requirement, such as relabelnthiasert the necessary information
drug depending on country.

2.2.2.3 Why is the location selection for establishing drug
distribution center important?

In hospital executives’ opinion for Healthcare Syp@hain
Disaster Management seminar (2012), the directtwospitals agree with establishing
a new drug distribution center for supporting htapiluring flood crisis (Metetriradt
al., 2012). Bangkok Hospital changed the number ofketddrugs from using 90 days
to 110 days. Songklanagarind Hospital also chatigedumber of stocked drugs from
two months to four months because they afraid ghaytage. The new location of a
drug distribution center that able operate durilgpd crisis is used to solve this

problem.

2.3 Theory of methodology

2.3.1 Multi-Criteria Location Problem

Many criteria are considered for best locatioes#bn that is important to
manage scientific, social, and economic, and taigedthe wrong decision. The
location selection is one of multi-criteria decisimaking (MCDM) problem due to

many criteria considered in decision process. Thertask of decision making is to
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collect related information, rank the bound of tleasible alternatives, and select
appropriate alternative (Zhaat al., 2011). There are many techniques to solve multi-
criteria decision making problem. The example adely utilized techniques areas are
Analytic Hierarchy Process (AHP), Analytic netwgnfocess (ANP) as follow:

Analytic Hierarchy Process (AHP) is one of muliiteria decision making
method. AHP technique was developed by Thomas &tySa 1970s that compare the
relative elements in each level of the hierarchgt emaluates the alternatives in the
lowest level of the hierarchy to select the bestigien among multiple alternatives
(Sipahi and Esen, 2010; Triantaphyllou and Manrg5)9The weight of important
criteria is obtained by using a set of pair wisemparisons. The example for
application of AHP technique that Tsita and Pildrg2012) used AHP to choose the
fuel for the Greek road transport sector. Trianydlph and Mann (1995) used to find
the best alternative to upgrade the computer sysbéma computer integrated
manufacturing (CIM) facility.Wu, Chen et al. (2012) used AHP to weight the
performance evaluations of higher education conmbin¥IseKriterijumska
Optimizacija | KompromisnoResenje (VIKOR) method ramk the performance of
each university.

Analytic network process (ANP) is proposed by Thsni. Saaty, the
author of the AHP method in 1996. ANP representdtetionships of hierarchy, but it
does not strict about a hierarchical structure B® ALiu et al., 2005. Oztayi et al.
(2011) used ANP to compare the customer relatipngmanagement (CRM)
performance of e-commerce firms. Atmaca and B&at2) determine the suitability
of existing power plants in Turkey by ANP method.

The location selection problem is considered maltgrnative locations
with multi-criteria. The multi-criteria decision rkiag is classified into two categories:
the multi-attribute decision-making (MADM), and thmulti-objective decision-
making (MODM) (Zanjirani Farahani and HekmatfarD29Hwang and Yoon, 1981).

The multi-attribute decision-making technique @nsidered the limited
alternative and each alternative response to ehjdttove in a specified level. The
best alternative satisfies to the priority of eatijective and the interaction between
them. The popular technique to solve this probleendmminant, maximin, maximax,

conjunctive method, disjunctive method, lexicogiapmmethod, elimination by
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aspects, permutation method, linear assignment adetsimple additive weighting
(SAW), hierarchical additive weighting, ELECTRE, PSIS, hierarchical tradeoffs,
LINMAP, interactive SAW method and MDS with idealipt.

The multi-objective decision-making technique isensidered various
components and the best alternative is attainece sueptable levels from a set of
some objectives. The used techniques to solve phoblem are global criterion
method, utility function, metric L-P methods, boeddobjective method, exico
graphic method, goal programming, goal attainmesthad, method of Geoffrion,
interactive GP, surrogate worth trade off, methddsatisfactory goals, method of
Zionts-Wallenius, STEM and related method, SEMO&®l SIGMOP method,
method of displaced ideal, GPSTEM method, metho&tetier, parametric method,
C-constraint method and adaptive search method.

2.3.2 Fuzzy TOPSIS

After collect criteria from literature review awdnsider potential location,
we ask the decision makers to select and weightipeopriate criteria for using in
location selection. The decision maker opiniong #ine speech that difficult to
translate to the number but fuzzy help to change ghality data to quantity data
(Bellman and Zadeh, 1970). The definitions of fuzsts are expressed as follows
(Klir, 1992; Klir, 1995; Zimmermann, 1995).

Definition 1. A universe of discourses, whose generic elements are indicatedkby
The value of membership of in fuzzy setd is defined byu;(x) — [0,1] where

g (x),Vx € d.

Definition 2. A triangular fuzzy number can be denoted as detrip= (a4, a,, as).

The membership functiom; (x) of fuzzy number defined by

(O, x < a;

xX-a
i —X, a;<x<a,
az—ay

a

(1)

asz-x

a,<x<a
as—azl 2 3

0, x> as
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wherea; < a, < az anda,, a,, a; are real numbers. Thein a, gives the maximal
grade ofus(x) i.e., uz(x) = 1; it is the most probably value of the evaluatiGtad
The x in a, gives the minimal grade of;(x) i.e., uz(x) = 0; it is the least probably
value of the evaluation data. Constantanda; are the lower and upper bounds of the
available area for the evaluation data. These aatstreflect the fuzziness of the

evaluation data. Figure 2.5 shows a triangularyfurmmber.

0 a; a, as

Figure 2.5 A triangular fuzzy number @

Definition 3. Letd = (ay,a,,a3) and b = (b, by, b3) be two triangular fuzzy
numbers in Figure 2.6 Then the distance betweem tisedefined using the vertex
method as

A@5) = [H1@ = b2+ (@ = b + (o — b)) 2)

0 a b a b, as b

Figure 2.6 Two triangular fuzzy numbers

The linguistic variable is defined as a variabfewmrd or sentence in
language (Dursun and Karsak, 2010). The decisiopigion is vagueness usually

expressed by linguistic term and set into fuzzy bem This research uses the
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judgment values of linguistic with triangular fuzmymbers. The reason for using a
triangular fuzzy number is that is easy to use @ldulate (Kannaet al., 2009; Liang
and Wang, 1994). The rating of criteria and altBweaare linguistic variables and
apply a scale of 1-9 Table 2.1 presents the linguistic variables andngatof
alternatives and Table 2.2 lists the linguistidafales and rating of criteria (Wang and
Lee, 2007; Kayikci, 2010; Awasthet al., 2011; Mokhtarian and Hadi-Vencheh,
2012).

Table2.1 Linguistic variablesfor alternatives

Linguistic terms Member ship function
Very poor (VP) (1,1, 3)
Poor (P) (1,3,5)
Fair (F (3,5, 7)
Good (G) (5,7,9)
Very good (VG) (7,9,9)

Table 2.2 Linguistic variablesfor criteria

Linguistic terms Member ship function
Very low (VL) (1,1,3)
Low (L) 1, 3,5)
Medium (M) (3,5, 7)
High (H) (5,7,9)
Very high (VH) (7,9,9)

Fuzzy is a mathematical way to represent and méatg linguistic,
vagueness information and other fuzzy data (Ch@dl 2Anagnostopoulos, Doukeis
al., 2008). This research uses technique called TOR$EEhnique for Order
Preference by Similarity to Ideal Situation). Hwaaigd Yoon (1981) that developed
first stated TOPSIS is a new multi-criteria deamsimaking tool. That based on
positive and negative idea. The solution which hasn as chosen alternative are
shortest distance from positive solution and fatlhiistance from the negative ideal

solution (Jahanshahlaa al., 2006) as shown in Figure 2.7. The major ingredierit
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decision process are 1) a group of alternatives @pup constrains of choice and 3) a
performance function of each alternative that tesylfrom selecting (Bellmanand
and Zadeh, 1970).

Shortest distance
— from the positive
ideal solution

multi-attribute Ranking the
decision-making — alternatives for
(MADM) evaluation objective

Farthest distance
—» from the negative
ideal solution

_ | the positive ideal
solution

_|the negative ideal
- solution

Figure 2.7 The basic flow chart of fuzzy TOPSIS. (Bu et al., 2012)

This technique is presented many benefits. Se(20R8) gives TOPSIS
method is systematic more than the other fuzzy irotteria decision-making
(FMCDM) methods and able to understand a humargsemess when considered this
problem. Jianget al. (2011) used the TOPSIS method with Fuzzy BeligtiGtire
model to solve Group Belief multiple criteria deais making problems. Kannagt al.
(2009) used Interpretive Structural Modeling (ISMihd TOPSIS technique for
selection process of best third-party reverse tmgiproviders. The step of TOPSIS
can be expressed into 9 steps (Hwang and Yoon,; 1B8tanshahloet al., 2006;
Wang and Lee, 2007):

2.3.2.1 Evaluated the performanceratings and weights with
linguistic terms.

AssumeAd,, 4, ..., A; arej possible alternatives that decision
makers have to seledf;, C,,...,C,, are m criteria which measured the alternative
performance. These criteria are two type—bestr@ind cost criteria. Both the best
criteria that the highest value and the cost cattdrat the least value use for the best

location selection. The criteria weights are givey w; (i = 1,2,..,m). The
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performance ratings of each decision makeysk = 1,2,..,K) for each alternative

A;(G =12,..,n) with respect to criteri;(i = 1,2,..,m) are denoted byR, =

Tijp(@=1,2,...,m;j=1,2,..,mk =1,2,..,K) with membership functiopg, (x).
2.3.2.2 Calculate aggregate fuzzy ratings for the criteria

and the alternatives.
If the fuzzy ratings of all decision makers arenoted as

triangular fuzzy numberB, = (ay, by, cx), k = 1,2, ..., K), then the aggregated fuzzy
rating is given b\R = (a,b,c),k = 1,2,...,K, where

a = min{ag},

K
b= 1Zb
= =Y b,
k=1

¢ = max{c}. (2.1)
If the fuzzy rating and important weight of théh decision maker aré;j, =
(aijkr bk, Cijk) and Wijk = (ijl;W]’kz;ijg), i=12,..mj=12..,n,
respectively, then the aggregated fuzzy rati(gs) of alternatives with respect to
each criterion are given By; = (a;;, bj, ¢;;) where

aij = mkin{al-jk},

1 K
bij = Ez bijr,
k=1

Cij = maxk{ci]-k}. (2.2)
The aggregated fuzzy weight®;; of each criterion are calculated ag; =
(wj1, wjz, wjs) Where

Wjp = mkin{wjkl},

K
1
Wj2 = K Wik2,
k=1

Wjz = maxk{cjk3}. (2.3)
2.3.2.3 Calculate the fuzzy decision matrix.

The fuzzy decision matrix for the alternativé8) and the

criteria (W) is formed as follows:
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Cl Cz CTl
Al 211 212 . fln
~_ Ay|x X . X
D = Az X1 X2 Xon i=12,...m j=12,..,n (2.4)
3
ATy Fmz o Fomm
W = (Wl, WZr'--JWn) (25)

2.3.2.4 Standar dize the fuzzy decision matrix.
The raw data are standardized using a linear escal
transformation to bring the various criteria scatggo a comparable scale. The

normalized fuzzy decision matrik is given by

R = [fij]mxn,i =1,2,...m;j=1,2,...,n (2.6)
. o ai]- bij Cij *
where best criteria?y; = | —,—,—) and ¢; = max;¢; (2.7)
G 5 <
i ) N a- a: a; _ i
cost criteria :f;; = (—’,—’,—’) and a; = min; a;; (2.8)
Cij bij ai]- ]

2.3.2.5 Calculate the weighted normalized matrix.

The normalized matrixV7 for criteria is calculated by
multiplying the weights(wj) of evaluation criteria with the normalized fuzzgctsion
matrix 7 :

V = [ﬁij]mxn'i =1,2, ...,m;j =12, ..,n where ﬁl] = ﬁ]()W] (29)
2.3.2.6 Calculate the fuzzy ideal solution (FPIS) and the
fuzzy negative ideal solution (FNIS).

The FPIS and FNIS of the alternatives are caledlaas
follows:

A= (U5, 05, .., Up) where ¥; = maxi{vi]g} (2.10)
A = (D, Ty oo, Ty ) whered;, = min{v;j, } (2.11)

i=1,2,.. m; j=12,..,n.
2.3.2.7 Calculate the distance of each alternative from FPIS
and FNIS.
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The distancéd;,d;) of each weighted alternative= 1, 2 . .

., mfrom the FPIS and the FNIS is computed as follows:
di =Yi,dy(9:, ), i=12,..,m (2.12)
di =¥0,d,(%,77), i=12,..,m (2.13)
Whered,, (&, b) is the distance measurement between two fuzzy atsaland b.
2.3.2.8 Calculate the closeness coefficient (CC;) of each
alternative.

The closeness coefficieBiC; represents the distances to the
fuzzy positive ideal solution(A¥) and the fuzzy negative ideal solutio®\)(
simultaneously. The closeness coefficient of edignrative is calculated as

ar

CcC; i i=12..,m (2.14)

= — * )
d +d;

2.3.2.9 Rank the alternatives.

Ranking order the alternatives are accordinghto dloseness
coefficient (CC;) in decreasing order and choose the alternativen ftloe highest
closeness coefficient. The chosen alternative hasshortest distance from the FPIS
and the farthest distance from the FNIS.

2.3.3 Why use Fuzzy TOPSIStechnique

Hosseiniet al. (2012) and Wang (2008) present the main advantafjes
TOPSIS compare with other basic MCDM methods asy &ause, can consider into
all types of benefit criteria and cost criteriag tpractitioners are intelligible and
reasonable in logic of TOPSIS, the calculation obcpss is straightforward, the
concept allows a simple mathematical manner to fivel best alternatives, and the
importance weights can be combine in methodologweniently. Table 2.3 is shown
the comparison of multi-criteria decision makingthwelologies as TOPSIS, AHP, and
ELECRE.
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Table 2.3 Comparative analysis of multi-criteria decision making methodologies.
(Ozcaret al., 2011; Sipahi and Esen, 2010; Saaty, 2008)

Characteristics TOPSIS AHP ELECTRE
Calculating Creating Determining
distance to hierarchical concordance and

1. Core process positive and structure and pair discordance

2. Necessity to
guantify the
relative
importance of
criteria

3. Determining of
weights

4. Consistency
Check

5. Problem
Structure

6. Final results

negative ideal
point

Yes

No specific
method. Linear or
vector
Normalization.

None

Large number of
alternative and
criteria, objective
and

guantitative data

Global,
net ordering

wise comparison
matrices

Yes

Pairwise
comparison
matrices 1-9
scale.

Provided

Little number of
alternative and
criteria,
quantitative or
gualitative data

Global,
net ordering

indexes

Yes

No specific
method. Based on
decision maker.

None

Large number of
alternative and
criteria, objective
and quantitative
data

A kernel

2.4 TheCriteriafor Location Selection

The pharmaceutical supply chain are not similaeosupply chain Thus,

the criteria collected from literature review aigided into two major areas: general

criteria and healthcare criteria.
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2.4.1 General Criteria

Previous studies related to the opinion of denigieaking in selecting
criteria for location planning have been studiedraRaniet al. (2010) started that
reviewed about multi-criteria location problems three categories of bi-objective,
multi-objective and multi-attribute problems. Thajor criteria from this research are
‘cost’, ‘environmental risk’, ‘service level’, ‘carage’ and ‘other criteria’: ‘resource
accessibility’, ‘economical criteria’, ‘distancesciuding closeness to markets’ or
‘customers, suppliers and resources’, ‘political tteta and regulations’ and
‘competition’. Awasthi et al. (2011) proposed a multi-criteria decision making
approach for location planning. These criteria toban distribution centers are
‘accessibility’, ‘security’, ‘connectivity to multhodal transport’, ‘costs’,
‘environmental impact’, ‘proximity to customersproximity to suppliers’, ‘resource
availability’, ‘conformance to sustainable freightegulations’, ‘possibility of
expansion’, and ‘quality of service’. Another workas done by Choet al. (2008)
who presented a fuzzy multi-criteria decision mgkmodel for international tourist
hotel location selection. ‘Access’, ‘rest resoutcesurrounding environment’,
‘convenience’, ‘internal development’, ‘externalvééopment’, ‘human resource’ and
‘operating conditions’ are criteria in their resgar Farahani and Asgari (2007)
investigated the location distribution centers ratitary logistics system. The list of
attributes is ‘natural environment’, ‘military’, é®@nomical’ and ‘infra-structures’.
Demirelet al. (2010) studied five main criteria and 16 sub-cidteThese main criteria
are ‘costs’, ‘labor characteristics’, ‘infrastruoty ‘market’ and ‘macro environment'.
The sub-criteria of cost are ‘labor costs’, ‘tramdption cost’, ‘tax incentives and tax
structures’, ‘financial Incentives’, and ‘handlingpsts’. The sub-criteria of labor
characteristics are ‘skilled labor’ and *availatyilof labor force’. The sub-criteria of
infrastructure are ‘the existence of modes of panstion’, ‘telecommunication’, and
‘quality and reliability of modes of transportatiomhe sub-criteria of market are
‘proximity to customers’, ‘proximity to suppliers’lead times’ and ‘responsiveness’.
The sub-criteria of macro environment are ‘policies government’, ‘industrial
regulations laws’, and ‘zoning and constructiompld@he descriptions of each criteria

are followed:
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2.4.1.1 Cost

Farahankt al. (2010) divided ‘cost’ into two types including
fixed costs and variable costs. The fixed costsséag up cost including investment
cost and the variable costs are transportationratipas, production, services,
distribution, logistics, waste disposal, maintersgnand environmental cost. The
transportation cost is adjust to the economic #irecof the alternative regions,
transportation facilities and alternative transation types such as air, land, railroad,
and marine (Demiredt al., 2010).

2.4.1.2 Natural environment

That is the condition of climate, weather, gedalal
hydrological and topography. The climate contahmes statistics of temperature, rain,
humidity, atmospheric pressure and wind. The weatha set of atmospheric in area.
The geological is the condition earthquake intgngibod history and interruption of
earth.

2.4.1.3 Accessibility

This criterion is the ease to reach the distidvutcenter by
public and private transportation.

2.4.1.4 Labor

The labor criteria is defined as the personnelafavork, who
has qualities to work and the number of labor (Dehet al., 2010).

2.4.1.5 Quality of service

Quality service means timely delivery, delivery the right
place, the right customers, and delivery of theammaged goods (Demiret al.,
2010).

2.4.1.6 Connectivity to multimodal transport

The transport is performed in a reliable and ifjedl way
between at least two different modes such as highwailways, seaport, and airport.
The different transport modes affected to the Ibditg of customer and quality of
service (Demireét al., 2010).

2.4.1.7 Conformance to sustainable freight regulations

Ability to conform to sustainable freight regudats imposed
by municipal administrations e.g. restricted defvieours, special delivery zones.
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2.4.1.8 Competition

The condition of organizations contests at least other firm
over the same group of customers to be leadership.

2.4.1.9 Demand

The customers require amount of products thdingiko buy.
The basic demand relationship is between pricea gbod and the quantities that
increase price influences to decrease quantity.

2.4.1.10 Proximity to customers

This criterion is defined as the distance of thstribution
center location to the customer (Demigedl., 2010; Awasthet al., 2011).

2.4.1.11 Economic

The condition of economy influences to the dmttion center
e.g. currency value, exchange rate, market demtand e

2.4.1.12 Resour ce availability

Availability of raw materials and packaging are eahio
respond the requirement of distribution centerteor

2.4.1.13 Infrastructure

The structure of organization is required to apethe services
that provide to support the structure of developmierfirastructure refers to the water
and electricity supply infrastructure.

2.4.1.14 Possibility of expansion

Distributor is able to manage the growing dembpdexpand
the size, productivity, amount of workers.

2.4.1.15 Density of traffic

The number of vehicles in the area of the roadvrayn
suppliers to distribution center or distributiomtas to customers.

2.4.1.16 Environmental impact

The distribution center affected positive or riegaon the
environment such as air pollution, noise.

2.4.1.17 Political regulations
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The political regulation is difference from a i@y to another
region (Demirelet al., 2010). It is included tax exemptions, investmextilities and
various incentives.

2.4.1.18 Proximity to suppliers

This criterion is defined as the distance of thstribution
center location to the suppliers or producers (Delngt al., 2010; Awasthiet al.,
2011).

2.4.1.19 Security

The security is the degree of protection of ddistribution
center from damage, loss, crime, theft, vandalamd, accident.

2.4.1.20 Lead time

This criterion is defined the ability and theipdrof time to
fulfill the order (Demirelet al., 2010).

2.4.1.21 Product feature

The characteristics and qualities of products-size, material,
shape, and functionalities are required by custenagd benefit to the owner. The
usefulness of product is targeted the customerbtging and used for a product
marketing strategy.

2.4.1.22 Cultural issues

The international firm’s distribution center alddapts to the
different culture.

2.4.1.23 Information technology

Using computer-base information system supporhanage to
store, transmit and operate database.

2.4.1.24 Profit

The amount of income is obtained from the distob's
service that exceeds the expenses, costs and taxes.

2.4.1.25 Coordination

Ability of the distributor to manages the diffatething,

activity or people to work together for achievement

2.4.2 Healthcare specific Criteria
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Healthcare business has an important role for tugety. Since people
were born until death, all have to involve with pibal services. Fail to get healthcare
services at the time they need will have a sevapact to their safety (Liangrokapart,
2012). Therefore the continuous service of the ialsp especially during the crisis is
extremely important. The hospitals should haveigefit supply of drugs, medical
devices, medicinal gas and other products to sémeepatients at all time. The
suppliers must put all effort to distribute thenogucts to the hospitals in order to
ensure that the end customers, the patients, willtlyge right products at the right
guantity, at the right quality, at the right plaamed at the right time. A good location
for continuous products distribution to the hodpghould be determined and the
criteria to be considered should be identified

Previous studies have been done in the healthemearch related to
location selection. Wuet al.(2007) studied the optimal selection of location for
Taiwanese hospitals using six evaluation criterinictv are ‘factor conditions’,
‘demand conditions’, ‘firm strategy, structure andalry’, ‘related and supporting
industries’, ‘government’ and ‘chance’ and 18 suiteda including ‘capital’, ‘labor’,
‘land’, ‘population number’, ‘population density”population age distribution’,
‘management objective’, ‘rank of competing hospgitalpolicymaker’s attitude’, ‘the
medicine practice and the pharmaceutical sectoospital administration sector’, ‘the
healthcare sector’, ‘qualifications of the hospst@stablishment and the regulations of
the established standard’, ‘efforts to promote aioe network’, ‘promulgating tasks
that require a hospital assessment’, ‘violent ckairg market demand’, ‘dramatic
fluctuations in production costs’ and ‘significagttanges in the financial market and
exchange rate’. Simango (1993) presented stratagiors which ‘low corporate tax’,
‘base for EC entry’ and ‘skilled manpower that ratts US and European
pharmaceutical multinational enterprises to logatieeland. While Dunlap and Golub
(2011) recommended that the focus should includeu$ outreach efforts near drug
markets’, ‘overlook drug possession’, ‘provide &ax¢o private areas near shelters’,
‘continue rescue efforts’ and ‘provide drug mairsece and counseling services’ for
disaster management. Doegal. (1999) described the drug policy reform in China
that advantage to reduces the cost, reduce théhlefighe chain between producer

and user, and improve their production in Chinalbeen used to reform government
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production plan to market demand. Especially dumimgpster, ‘the focus outreach
efforts near drug markets criteria’ is importantéach poor drugs users that related to
reduce drug users risk (Dunlap and Golub, 2011& Aéalthcare-specific criteria are
summarized in Table 2.5. From the table, Some r@itlor location selection for
healthcare criteria are also in general criteriasesi of ‘Demand’, ‘Labor’, ‘Quality of
service’, ‘Infrastructure’, ‘Accessibility’, ‘Reswooe availability’, ‘Political
regulations’, ‘Possibility of expansion’, ‘Economiditeria’, ‘Information technology’,
and ‘Environmental impact’. The remaining healtlecamriteria are explained as

followed:

2.4.2.1 Focus outreach efforts near drug markets

The numbers of potential drugs are likelihoocch#tag to the
requirement of poor drugs users that they can tedysarovided during crisis.

2.4.2.2 Population

Population is the numbers of people live in theal area that
is the local demand (Wet al., 2007).

2.4.2.3 Firm strategy, structureand rivalry

The conditions of firm influence to establishntioue practice
the management and organize efficiency.

2.4.2.4 Gover nment

Governmental policy controls drug distributionntax for
establishing and qualifications of the drug disttibn center that strengthens the
competitiveness includes the standard regulatibtisecestablished, efforts to promote
a medical network and promulgating tasks (&/al., 2007).

2.4.2.5 Chance

The situation which has no negative influence te thrug
distribution center such as the decreasing marlahahd, and fluctuations in
production costs.

2.4.2.6 Distanceto nearest hospital

The criterion is the distance from the drug disttibn center
to the nearest hospital. That hospitals are digioh center’s customers. So, it is

affect to transport time to service customers.
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2.4.2.7 Overlook drug possession

The ability of drug distributor will be more cofignt with
disaster management directives.

2.4.2.8 Provide accessto private areas near shelters

During the crisis, drug distributor able to distite drug to
users that able to consume drugs sufficiently imamitored area.

2.4.2.9 Continue rescue efforts

It is important to convenient services to the pitads that
supported for as long as safely patients.

2.4.2.10 Provide drug maintenance and counseling services

Drug distribution center can help relieve drugrsige by
support sufficient drug because during the cribis,drug requirement is increasing.

2.4.2.11 New registration regulations

The distributors who cannot inept to follow thegulation
continue to run the drug business.

2.4.2.12 Drug distribution channels

The various distribution technology channels ofigd are
procurement of technologies, know-how for innovatigrugs affect to increasing
market demand.

2.4.2.13 Adoption of international standards

The distribution center should pass good distitioupractice
(GDP), good storage practice (GSP) certification good manufacturing practices,
and management systems.

2.4.2.14 Goal of site selection process

The distribution center able to serve drug tortmal hospital
that increase drugs distribution efficiency.

2.4.2.15 Emergency preparedness concerns

The ability of distribution center responses idygid increasing
demand for emergency time.

2.4.2.16 Competitive prices

The price is one important factor for the custmrme decide

the service. So, the lower price effects to thé lngmpetitive.
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24.2.17 Reduce costs by way of less linkage and
competition

The short linkage of drug supply chain by thegdfactories
can sell drug to the retailer directly.

2.4.2.18 International tax differentials

For the foreign firm, the tax is one factor tonsmler operating
in that country. The low rate of tax is more respoea from the investors.

2.4.2.19 Material shelf-lives

Material shelf-lives is the length of time thatugs can be
stored, continue effective and safe. The benefistdlf-life is used to establish the

expiry date of each batch.

2.5 Theflooding situation in 2011

The severe flooding triggered by the land fallTobpical Storm Nok-ten
and spread through the northern provinces, theéheastern province, and central of
Thailand. The floodwaters entered to the 31 distro¢ Bangkok in October 2011. The
causes of flooded in Bangkok are the heavy rairitadl overflow from river, the effect
of high tides from the seathe land subsidence and the low efficiency of drgen
system (Phamornpol, 2012). During flooded, the Rayaation Department drain
flooded water base on the drainage capacity vieeea8angkok, western Bangkok
and the Chao Phraya River to solve the problem. Gdpmacity by pump is 26.18
million cubic meters per day via western Bangko# 8i.78 million cubic meters per
day via eastern Bangkok. While the Chao Phraya rRemepties about 300 million
cubic meters per day by pumps and natural water fldhe Nation, 2011).

Associate Professor Dr. Seree Supratid, direcfothe Climate Change
and Disaster Centre of Rangsit University, saidititeease of urban area, the volume
of rainfall, the land subsidence and the incredssea level are the major cause of
flood. He proposed the government to constructdylee to protect the high tides,
increase water retention areas and dredge canalprédlem-solving. Dr. Pichit

Rattakul, the consultant of Asian Disaster Prepa#ed Center, said the natural
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disasters of Bangkok are the flood water from tea and the Chao Phraya River.
Thus, the elevation above mean sea level is oneaitwt of the subsidence area that
the cause of flood. The essence of His Majestgedlrelief initiatives by prevent an
overflow from outside areas, release the exceserwaim inside areas and allocate
the areas to store excess water for subsequeaseechdter the floods have subsided
(Bangkok Metropolitan Administration, 2011). Thilse dykes are initiated from the
King's ideas.

Mr. Apirak Kosayodhin, former governor of Bangkdietropolitan
Administration (BMA), propose the long-term solutgto manage the flood water are
manage the water system, strict the country plannggulation especially drainage
area, and expand “Kaem Ling” — water retention sug@ject. Land use change is an
important factor increasing flood severity (Emdel2). Associate Professor Dr. Seree
Supratid said the vital cause of flood in the fatig the change of environmental that
the reduction of green zone and empty area. Pafdds Thanawat Jarupongsakul
state to adjust the city planning and land useetieve flooding (MCOT, 2013). He
said the problem of country planning is not to sdirom the government. Thus, good
country planning manage is help to flow the floothvdo the river and the sea.

To summarize, the critical review of the concegutsl frameworks in the
fields of drug distribution center and hospital glypchain suggests the following key
points that would be a helpful guide in the imprmeat of a conceptual framework on
the location selecting drug distribution centerm&thod to evaluate the location in
this study is Fuzzy TOPSIS. It is easy to calculatel consider into all types of
criteria. The criteria, general criteria and hezdtte criteria, from literature review use
to evaluate the location. Each criteria will bees&td by expert if it is related to the
location of drug distribution center as describe@hapter lll.
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CHAPTER Il
METHODOLOGY

This chapter described the research methodology ideatify the location
selection criteria, select the potential locatiemaluate criteria by experts’ opinion,
collect the data of each location, evaluate thatlon using fuzzy TOPSIS sensitivity
analysis and construct the drug distribution celatesition selection program.

3.1 Research Methodology
From Figure 3.1, the criteria and multi-criter@éation decision making
methods from related literature were reviewed aral detailed step-by-step of the

methodology are as follows.

3.1.1 Identify the Location Selection Criteria
All location selection criteria collected from litgure reviews and the
opinion of decision makers were divided into twdegmries-general criteria and
healthcare criteria. The outcome of first step wa®t of location selection criteria for
drug distribution center.
3.1.1.1 Identify the general criteria
This step started from 25 general location detevere listed
down in Table 3.1. Four criteria — cost, competitidensity of traffic, environmental
impact are classified into the cost criteria whihe remaining criteria are the best
criteria. Those criteria were ranked by the freaqueort citations. In this research, only
the criteria cited by 4 literatures or more weredis
3.1.1.2 Identify the healthcare criteria
The 30 healthcare-specific criteria were alsdectéd from
literature review. The list of healthcare-specdrderia was shown in Table 3.2. Both

environmental impact and international tax difféi@s are the cost criteria but the
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3.1.1 Identify the Location Selection Criteria

3.1.1.1 Identify the general criteria Qutput : 25 general criteria

3.1.1.2 Identify the healthcare criteria Output : 30 healthcare criteria

3.1.1.3 Combined general and healthcare
specific criteria and selected criteria by
experts

Output : 24 criteria

3.1.1.4 Defined the selected criteria

Output : The definitions of criteria

e

4

3.1.2 Select the potential location
Identify potential location in Bangkok ) Output : The 50 districts in Bangkok

‘v

3.1.3 Evaluate criteria by experts’ opinion

Use experts’ opinion to evaluate the criteria Output : Final criteria

<

4

3.1.4 Collect the data of each location

Collect and rate the location of each criteria

Output : The data of location

4

3.1.5 Evaluate the location using fuzzy TOPSIS

ldentify criteria and location using fuzzy

QOutput : The best location
TOPSIS

<

<

3.1.6 Sensitivity analysis

Find the impact of criteria weights on the

wafeniia] Tacafion Output : The important criteria weight

4

3.1.7 Construct the drug distribution center location selection program

location selection location selection program

Design and construct the program for :D Output : Drug distribution center

Figure 3.1 Steps of methodology
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excess of criteria are the best criteria. Due ®litmit of number of literatures, only
the criteria cited by two literature or more wesed.

3.1.1.3 Combined general and healthcare specific i@ria
and select criteria by expert.

The criteria from 3.2.3.1 and 3.2.3.2 were corabirio 24
criteria and used as location criteria selectidhree experts were asked to confirm if
the selected criteria seems to be reasonable taskd in the further study. The
guestionnairevas shown in Appendix C.

Table 3.1 General criteria for Location selectionfom literature review

Criteria Reference

[11, [2], [3], [4], [5], [8], [9], [10], [13], [15]
[16], [17], [20], [21], [22], [24]

[1], [6],[7], [10], [11], [12], [14], [15], [19],
[20], [21], [23]

[11, [4], [3], [€], [10], [11], [14], [15], [16],
[17], [18], [19]

[2], [5], [6], [8]. [9], [10], [13], [15], [19],
[21], [23]

1. Cost

2. Natural environment

3. Accessibility

4. Labor

5. Quality of service [1], [2], [4], [6], [7], [12], [15], [16], [23], [&]

6. Connectivity to multimodal
[4], [5], [7], [8], [13], [16], [17], [19], [22]
transport

7. Conformance to sustainable
: . [1], [2], [4], [7], [8], [9], [11], [12], [16]
freight regulations

8. Competition [1], [2], [5], [6], [8], [12], [14], [15], [23]
9. Demand [4], [6], [71.[9], [11], [12], [15], [18]

10. Proximity to customers [1], [5], [6], [8], [13], [14], [16], [22]

11. Economic criteria [1], [3], [12], [15], [17], [19], [25]

12. Resource availability [1], [4], [5], [6], [11], [16], [23]
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Table 3.1 General criteria for Location selectionifom literature review (cont.)

Criteria Reference
13. Infrastructure [13], [15], [17], [18], [19], [20], [23]
14. Possibility of expansion [1], [2], [9], [12], [16], [22]

15. Density of traffic [5], [7], [8], [13], [20], [23]
16. Environmental impact [1], [2], [4], [15], [16], [18]
17. Political regulations [1], [4], [5], [13], [14], [17]
18. Proximity to suppliers [5], [13], [14], [16], [21]
19. Security [1], [5], [16], [18]

20. Information technology [1], [4], [7], [12]

21. Product feature [2], [15], [23]

22. Cultural issues [4], [5], [18]

23. Lead time [7], [12], [13]

24. Profit [1], [5]

25. Coordination [4]

[1] Farahani and Asgari (2007)
[2] Liu, Chan et al. (2011)

[3] Yang, Ji et al. (2007)

[4] Kayikci. (2010)

[5] Chou, Hsu et al.(2008)

[6] Boufounou. (1995)

[7] Kuo. (2011)

[8] Kahraman, Ruan et al. (2003)
[9] Chen. (2001)

[10] Chou, Chang et al. (2008)
[11] Ocalir, Ercoskun et al. (2010)
[12] Lee and Lin (2008)

[13] Demirel, Demirel et al. (2010)

[14] Mokhtarian and Hadi-Vencheh
(2012)

[15] Ren, Xing et al. (2011)

[16] Awasthi, Chauhan et al. (2011)
[17] Cheng and Tsai (2009)

[18] Ou and Chou (2009)

[19] Farahani and Asgari (2007)
[20] Li, Liu et al. (2011)

[21] Azadeh, Ghaderi et al. (2011)
[22] Schwartz (1999)

[23] Huang, Yu et al. (2012)

[24] Bu, Van Duin et al. (2012)

[25] Suarez-Vega, Santos-Pefate et al.
(2012)
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Table 3.2 Specific healthcare criteria for locatiorselection from literature review

Criteria

Reference

1. Demand*

[1], [4], [9]

2. Labor*

[1], [2], [8]

3. Quiality of service*

[2], [3], [8]

4. Infrastructure*

[2], [3], [9]

5. Focus outreach efforts near drug

markets

[3], [4], [10]

6. Accessibility*

[1], [6]

7. Resource availability*

[1], [9]

8. Political regulations

[8], [10]

9. Population

[1], [2]

10. Firm strategy, structure and rivalry

[1], [3]

11. Government

[1], [8]

12. Possibility of expansion*

[1]

13. Economic criteria*

[1]

14. Information technology*

[1]

15. Environmental impact*

[1]

16. Chance

[1]

17. Distance to nearest hospital

[2]

18. Overlook drug possession

[3]

19. Provide access to private areas near

shelters

[3]
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Table 3.2 Specific healthcare criteria for locatiorselection from literature review

(cont.)

Criteria Reference

20. Continue rescue efforts [3]

21. Provide drug maintenance and counselir[%

services

22. New registration regulations [4]
23. Drug distribution channels [4]
24. Adoption of international standards [4]
25. Goal of site selection process [5]
26. Emergency preparedness concerns [6]
27. Competitive prices [7]

28. Reduce costs by way of less linkage ano[l7

competition
29. International tax differentials [11]
30. Material shelf-lives [11]

* These healthcare criteria are the same as gecrétieia.

[1] Wu, Lin et al.(2007) [7] Dong, Bogg et al. (1999)

[2] Sinuany-Stern Mehrez et al.(1995) [8] Simango. (1993)

[3] Dunlap and Golub (2011) [9] Elke A. Pioch and Schmidt (2001)
[4] Chan and Daim (2011) [10] Craig and Malek (1995)

[5] Bennett, Eaton et al.(1982) [11] Susarla and Karimi (2011)

[6] Shah (2004)

3.1.1.4 Define Each Criterion
The selected criteria from Step 3.1.1.3 werengefiand shown
in Table 3.3.
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3.1.2 Select the potential location

Bangkok is the province which has highest numlbérosgpital in Thailand
(123 hospitals) (see Appendix A) and has convertramisportation. So, this research
chose Bangkok as a case study to locate the dstigodition center. The 50 districts in
Bangkok are Bangbon, Bangkapi, Bangkhae, Bangkhddangkholaem,
Bangkhunthian, Bangna, Bangphlat, Bangrak, Bang8amgkoknoi, Bangkokyali,
Buengkum, Chatuchak, Chomthong, Dindaeng, Donmye&ngit, Huaykhwang,
Khannayao, Khlongsamwa, Khlongsan, Khlongtoei, Lakstkrabang, Latphrao,
Minburi,  Nongchok, Nongkhaem, Pathumwan, Phasiamgro Phayathai,
Phrakhanong, Phranakhon, Pomprap, Prawet, RajhurBadchathewi, Saimai,
Samphanthawong, Saphansung, Sathon, Suanluangigdfan, Thawiwatthana,
Thonburi, Thungkhru, Wangthonglang, Watthana, andanndwa districts
(Administrative strategy division, 2012). The mdmBangkok is shown in Figure 3.2.

The districts were considered as possible locdtiodrug distribution center.
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3.1.3 Evaluate criteria by experts’ opinion

The nine experts were be asked to ratings forcthieria. These experts
worked in general distribution center, drug digitibn center, hospital, Bangkok
Metropolitan Administration, Thai Logistics and Huxtion Society, and Thai
Pharmaceutical Manufacturers Associatibine questionnaires were shown in
Appendices D. Five ratings of criteria in questiame are very low to very high. The
two experts from Bangkok Metropolitan Administratiovere asked to review the
criteria from literature review and the criteria fitood protection were added. After

that, the other experts were be asked to evalbatecriteria.

3.1.4 Collect the data of each location
The data of location in each criteria was colledtedeight location where

the 50 districts in Bangkok. The data of locatiamse presented in Appendix B.

3.1.5 Evaluate the location using fuzzy TOPSIS

The tool for evaluating the location in this studgs called fuzzy TOPSIS.
The concept was the selected alternative shoulé ki@ shortest distance from the
positive ideal and the farthest distance from tbgative ideal solution (Jahanshahloo,
2006; Wang, 2007; Anagnostopoulos, 200Bjom the concept theory of fuzzy
TOPSIS in chapter 2 was applied to identify crédeaind location in this step. The

result of this step was the best location for diiggribution center.

3.1.6 Sensitivity analysis

Sensitivity analyses were used to find the imp&ariteria weights on the
potential location. This step was necessary foruhstable situation to identify the
important from other criteria. For this researche 120 experiments are used to
sensitivity analysis. The weights of all criterieeaequal for five experiments. The
other experiments are set one criteria weight gbdst weight and the remaining

criteria weights as lowest weight.

3.1.7 Construct the drug distribution center locaion selection

program
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Drug distribution center location selection pragravas constructed to find
the new drug distribution center location. It wiklp to select the location where is
able to operate during a flood crisis. The progflawchart illustrating the sequence
of operations to solve a location problem is shawrFigure 3.3. The display of
program and how to use the program are presenti imext chapter.

Therefore, these steps of methodology are usédddhe real location of
drug distribution center in Bangkok. The result aidcussion of best district is
presented in Chapter IV.
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CHAPTER IV
RESULTS AND DISCUSSION

This chapter is the research results from the naetlogy in Chapter lIl.
This chapter presents the evaluated criteria by®gpopinion, the data of location,
the evaluated location using fuzzy TOPSIS, sensitanalysis and drug distribution

center location selection program.

4.1 The evaluated criteria by experts’ opinion

The 9 experts worked in relative field were asked fatings criteria
(Appendix E). Three experts work in private drugtdbution center with at least 5
years experience. One expert works in local distidm center and has 18 years
experience. Two experts have at least 3 years iexuer in Bangkok Metropolitan
Administration. One expert has more than 10 yeérsospital working experience.
One expert has worked in some logistics societg. dther expert has been working in
some pharmaceutical association for 5 years.

The 24 criteria as started in Chapter 3 were geguin the questionnaires
to ask the experts. Whether or not they are sefiicfor selecting a drug distribution
center. Three additional criteria were suggestedthi®y experts including country
planning, flooded management and topography. Therekperts helped to combine
the criteria that have similar meaning and omit -e@mificant criteria. The final
criteria suggested by experts and would be usefliftrer calculation are cost, natural
environment and its impact, accessibility, labammectivity to multimodal transport,
government and regulations, competition, demanfiastructure, density of traffic,
security, information technology, flooded managetneonpography and country
planning. The examples of the combination includgural environment and
environmental impact and the new criterion is tagamal environment and its impact.

The demand, focus outreach efforts near drug narketl population were also
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combined to “Demand” criterion. The political regtibns, conformance to
sustainable freight regulations and government werebined into “government and
regulations”. The criteria, proximity to customemmpximity to suppliers, resource
availability and lead time, are not significant finug distribution center because the
location of the customers and suppliers are sppeadver Bangkok and resources are
available. The “quality of service” and “possibjliof expansion” do not involve much
with location selection. “Economic criteria” is tlsame for all location. Finally, the
“possibility of expansion” and “firm strategy anttugture” are internal factors which
are not included in this study. Therefore, thelforderia used in this study are shown
in Table 4.1.

Table 4.1 The final criteria.

Criteria
1. Cost 2. National environment and its impact
3. Accessibility 4. Labor

5. Connedctivity to multimodal transport 6. @ovment and regulations

7. Competition 8. Demand

9. Infrastructure 10. Density of traffic

11. Security 12. Information technology
13. Country planning* 14. Flooded management*

15. Topography Regulation*

*Additional criteria from the experts’ opinion

However, three additional criteria - flooded mamagat, topography, and
country planning criteria are additional criteri@rh experts’ opinion. The flooded
management criterion is the flood prevention systémdistrict to use the drainage
tunnel or the Royally-Initiated Bangkok Flood Dyk&he drainage tunnels drain
floodwater from flooded areas to the Chao PhrayeeiRdirectly while the dyke
slowed down the overflow of floodwater from the th@rn region or river. The
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topographycriterion is the average height of land from abovemeansea level in the
area.lf the area is hig from mean sea level, the probability of safety from dioqg is
increased. Theaountry planning criteon is the lawsof land usage that refer
diagrams and special operation to improve the for benefit.

Figure 4.1lreports the experts’ opinion on each criarbn averac. From
the experts’ opinion, the important criteria wasceessibility’, ‘cost’, connectivity to

multimodal transporf’and flooded management’.

Accessibility ] I : : : 4 4.56
Cost | | | | | 4 4,22
Connectivity to multimodal transpt | | l l | 4 4.22
Flooded manageme | | | | | 4 4.22
Density of trafis | | | | 4.00
Information technolog | | l l 4.00
Infrastructure | | l l 3.88
Demand | | l l -3.88
Topography: I } } 3.88
Country plannin 3.78
Government and regulatic | | l l 4 3.77
Labor | | l l 3.56
National environment and its imp | | l l 3.44
Security | | | | 4 3.33
Competition | ! ! ! 3.11
0 1 2 3 4 5

Figure 4.1 The experts’ opinion on each criteriaon average

4.2 The dataof location

The data were collect to support the criteria frima experts’ opinic
(shown inAppendix B. In term of cost criterion, the fixed cost that abéculates i
the land cost. Because of the different cust location the transportation cost
difficult to calculate.Bang Rak, Pathum Wargamphanthawor, Sathon and Yan
Nawadistricts are the top five of maximum land cc
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In the same province, the climate are similar dibtricts. So, the
environment condition is waste, air and voice, wlhile geological is flood history for
measurement. The least waste of district is Santphaong district, the least dust is
Din Daeng district, and the least voice is Phrarmg district. From the history of
flooding area, 12 districts were not flooding in120and 1995 but 11 districts were
flooded two times.

The connectivity to multimodal transport critergacollected data of the
number of train station, entranced and exited esgway. Six districts have all type of
multimodal transports. There are 17 districts htneetrain station, 17 districts have
the entranced expressway and 17 districts havexited expressway.

In case of accessibility criterion, the public nsport modes are
underground electric train, skytrain, bus and teogt. There are six districts have all
types of transportation. Moreover, there are néttyle of transportation in 25
districts.

For the regulation criterion, the GMP strict fdret condition of drug
distribution center, whereas that not limited tbeakion. The regular of transportation
is shown in Table B.8. The truck can reach intodis3ricts all time, while the other
districts, the truck can reach sometime.

Almost districts are supplied water and electdfid@he Memorandum of
Understanding of Pipeline Water Supply Emergenc(M is the project to supply
the tap water to the non water area in Bangkok 98% of the Bangkok area is water
supply in MOUA4. But electrified is supplied all aren Bangkok (Alternative Energy
and Efficiency Information Center, 2011).

The number of hospitals in Bangkok are 28 goventmhespitals and 95
private hospitals. The hospitals are in all distriexcept Bangkok Yai, Khlong Sam
Wa, PhraKhanong, PhraNakhon, Taling Chan, ThungKland Yan Nawa.

While, all districts have the signal of 3G interfa receiving information.
The internet data was collected before 19 July320he 19 districts is in the 46.4%
of all occurrence crime in Bangkok but 31 distrist$n the area that less than 30% of
all occurrence crime. Half of all districts aredbed over three drug distribution center

but drug distribution center is not in 24 districts
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For flooded management criterion, the Royallyinéd Bangkok Flood
Dyke is in 24 districts-the Eastern Bangkok Floogk® is in 18 districts and the
Western Bangkok Flood Dyke is in 6 districts. Tle@en completed drainage tunnels
are Drainage tunnel from Makkasan Pond to the Chhmaya River, Rama IX-
Ramkhamhaeng drainage tunnel, Drainage tunnel atS8khumvit 26, Drainage
tunnel at Soi Sukhumvit 36, Drainage tunnel at Sakhumvit 42, Drainage tunnel at
Prem Prachakon Canal, and Drainage system at Hinaydistrict and three drainage
tunnels in the future projects are Drainage tuttiegleath Bang Sue Canal, Drainage
tunnel from Nong Bon Pond to the Chao Phraya Riaed Drainage tunnel at Bang
Khen Canal. The future projects are in ten didriahd eight districts have these
completed drainage tunnels. The height of 31 distrarea less than one meter, nine
districts are 1-2 meter, and the others are oveet2r from the mean sea level.

The country planning laws classify the usage ofl lento eight categories -
housing land, commercial land (red zone), Industaad (purple zone), Warehouse
land (violet zone) rural preservation and agricultdend (White with frame and green
bias zone)Rural and agricultural lan(green zone)conservation and promotion of
Thai Cultureland (Light brown zone) andgovernment institutions, public assistance
and infrastructures land (blue zone) (see in Appeid. The housing land divided
into three levels — low (yellow zone), medium (aganzone), and high residential
density (brown zone). The distribution center fdd@&n construct into low residential
density landyural preservation and agricultul@nd, and conservation and promotion
of Thai Cultureland All area of low residential density land is in @istricts and all
area of conservation and promotion of Thai Cultarel is in 12 districts. While, all
area of rural preservation and agrtaut land is in Bang Khae, Bang Khun Tian,
Khlong Sam Wa, Lat Krabang, Min Buri, Nong Chok,liig Chan and Thawi
Watthana. These data use for the next step of rdelbgy.

4.3 The evaluated location using fuzzy TOPSIS
In case using fuzzy TOPSIS, the 15 criteria aasgified into cost criteria

and best criteria. The cost criteria are cost, aimpn, and density of traffic while the
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remaining criteria are the best criteria. Howetee, 15 criteria are classified to benefit
criteria and cost criteria for using TOPSIS methddthe benefit criteria are
accessibility, connectivity to multimodal transportegulations, labor, natural
environment, infrastructure, demand, security, nmi@tion technology, flooded
management, topography, and country planning @itérhe cost criteria are cost,
competition, and density of traffic.

The data for using fuzzy TOPSIS is the ratingrgeda from experts’
opinion and the rating of location. The linguigtiefinition of location used for rating

the location is shown in Table 4.2.

Table 4.2 The linguistic definition of criteria.

Criteria Linguistics Meaning

Very poor The maximum of land cost is 0-170,000hB&&! .
The maximum of land cost is 170,001-340,000

Poor

Bath/ wal.
_ The maximum of land cost is 340,001-510,000
1.Cost Fair
Bath/ wah.
The maximum of land cost is 510,001-680,000
Good
Bath/ wal.

Very good The maximum of land cost is >680,000 BuaiiT.

There are more than two conditions of dust 221-275
Very poor microgram/ni, waste 281-350 ton/day, voice 81.1-
83.5 decibel and 2 times flood history.

2. National There are more than two conditions of dust 166-220
environment Poor microgram/ni, waste 211-280 ton/day, voice 78.6-
and its impact 81.0 decibel and 2 times flood history.

There are more than two conditions of dust 111 -
Fair 165 microgram/rf) waste 151-210 ton/day, voice
76.1-78.5 decibel and one times flood history.
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Table 4.2 The linguistic definition of criteria (cat.)

Criteria Linguistics Meaning
There are more than two conditions of dust 56 - 110
Good microgram/ni, waste 75-150 ton/day, voice 73.6-
2. National : . :
; 76.0 decibel and one times flood history.
environment
and its impact There are more than two conditions of dust 0-55
(cont) Very good microgram/ni, waste <75 ton/day, voice 71.0-73.5
decibel and not flood history.
Very poor There is the bus only.
5 There are the bus and one types of accessibilitg -
oor
underground electric train, skytrain, or piers.
Fai There are the bus and two types of accessibitity -
hili air
3.Accessibility underground electric train, skytrain, piers or bus.
Good There are four types of accessibility - the
00
underground electric train, skytrain, piers and. bus
There are four types of accessibility and all types
Very good more one - the underground electric train, skytrain
piers or bus.
Very poor The numbers of labor are <26,000 persons.
Poor The numbers of labor are 26,001-54,000 persons
4. Labor Fair The numbers of labor are 54,001-82,000 persons
Good The numbers of labor are 82,001-110,000 psrson
Very good The numbers of labor are >110,001persons.
There is no train, the expressway entrance or the
Very poor _
expressway exit.
5 There is one type of multimodal transport - trairg
oor
5.Connectivity expressway entrance or the expressway exit.
to multimodal There are two type of multimodal transport - train,
transport Fair
the expressway entrance or the expressway exit.
There are three type of multimodal transport 1trai
Good

the expressway entrance or the expressway exit.
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Table 4.2 The linguistic definition of criteria (cat.)

Criteria

Linguistics

Meaning

5.Connectivity
to multimodal
transport

Very good

There are three type of multimodal transport and
all types are more one - train, the expressway

entrance or the expressway exit.

Very poor  The truck cannot reach into the distaittime.
5 The 10-wheel truck cannot reach into all district a
oor
6.21 a.m. to 9.00 p.m.
_ The 10-wheel truck cannot reach into part of
6. Government Fair o
_ district at 6.21 a.m. to 9.00 p.m.
and regulations .
The 6-wheel truck or more cannot reach into
Good district at 6.00 a.m. to 9.00 a.m. and 4.00 p.m. to
8.00 p.m.
Very good The truck can reach into the districtiatie.
Very poor The number of drug distribution cente®.is
Poor The number of drug distribution center is 1.
7.Competition Fair The number of drug distribution center is 2.
Good The number of drug distribution center is 3.
Very good The number of drug distribution center3s
Very poor  The number of hospital is 0-1.
Poor The number of hospital is 2-3.
8.Demand Fair The number of hospital is 4-5.
Good The number of hospital is 6-7.
Very good The number of hospital is >8.
There are no water and electricity supply in
Very poor
district.
Poor There are no water or electricity supply stritt.
9.Infrastructure — .
The area is in theBand 4" Memorandum of
Fair Understanding of Pipeline water supply

emergency.
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Table 4.2 The linguistic definition of criteria (cat.)

Criteria

Linguistics

Meaning

The area is in the®1land 29 Memorandum of

Good Understanding of Pipeline water supply
9.Infrastructure emergency.
(cont.) _ _
There are >95% of water and electricity supply in
Verygood
district.
The average traffic volume is >21,260
Very poor ]
vehicles/day
b The average traffic volume is 21,261-42,520
oor
vehicles/day
10.Density of Eair The average traffic volume is 42,521-63,780
traffic vehicles/day
The average traffic volume is 63,781-85,040
Good _
vehicles/day
The average traffic volume is 85,041-106,300
Very good )
vehicles/day
Very poor  The district occurred crime >56.0%.
Poor The district occurred crime during 42.1-56.0%.
11.Security Fair The district occurred crime during 28.1-42.0%.
Good The district occurred crime during 14.1-28.0%.
Very good The district occurred crime during 0-24.0
Very poor  No signal of 3G internet in district.
Poor The signal strength of 3G internet is poor.
12.Information : _ . e
Fair The signal strength of 3G internet is fair.
technology : : :
Good The signal strength of 3G internet is good.
Very good The signal strength of 3G internet isdjath area.
No a drainage tunnel or a Royally-Initiated
Very poor o
13.Flooded Bangkok Flood Dyke in district.
management 5 There is a drainage tunnel or a Royally-Initiated
oor

Bangkok Flood Dyke in district.
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Table 4.2 The linguistic definition of criteria (cat.)

Criteria Linguistics Meaning
Fai There are two drainage tunnels or Royally-
air
Initiated Bangkok Flood Dyke in district.
13.Flooded Good There are three drainage tunnels or the Royally-
00
Ezﬁgfl)gement Initiated Bangkok Flood Dyke in district.
There are four drainage tunnels or the Royally-
Very good . e
Initiated Bangkok Flood Dyke in district.
The elevation is less than 0.5 meter above mean
Very poor
sea level.
Poor The elevation is 0.5-1 meter above mean sed le

14.Topography Fair

The elevation is 1-1.5 meter above mean sed le

Good The elevation is 1.5-2 meter above mean sed le
The elevation is over 2 meter above mean sea
Very good
level.
The forbidden DC area in country planning is 81-
Very poor
100%.
5 The forbidden DC area in country planning is 61-
oor
80%.
15.Country Eair The forbidden DC area in country planning is 41-
planning 60%.
The forbidden DC area in country planning is 21-
Good
40%.
The forbidden DC area in country planning is O-
Very good

20%.

The number of districts from rating location otkariterion is shown in

Figure 4.2. The ratings of mostly districts are far the natural environment, labor,

and information technology criteria. But all distd rating in accessibility,

connectivity to multimodal transport, flood managam cost, competition criteria are

very poor. Many districts are rated poor in demaseturity and topography criteria.
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Only regulation criterion, many districts ratingeagood. Three criter-infrastructure,
country planning and dens of traffic are very good for mostly rating of alistticts
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Figure 4.2 The number of districts to each criterie

The closeness coefficients are present in AppefRdibhe ranking order ¢
50 districts from the experts’ opinion is shownTable 43. The top five ranking
orders arePhasi Charo¢, Chom Thong, Bang Sue, Lak &nd Bangkok Noi.
However, the closeness coefficientsPhasi CharoerChom Thon and Bang Sue are
not significantly difference. The selected locatioould be any districalways the
three districts. From the real situation happemne2Dil1 Phasi Charoe was flooded in
all subdistrict. The reason was that the major causeseflboding problem durin
that time were the very heavy rainfall combinedhwgbvernment management the
flood way to these areas. The human managed situginot predictable, therefol

Phasi CharoerChom Thon and Bang Sue was away tih@od area in 201
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Table 4.3 The ranking of districts for location drug distribution center

Ranking Districts Ranking Districts
1 Phasi Charoen 26 Min Buri
2 Chom Thong 27 Chatuchak
3 Bang Sue 28 Nong Chok
4 Lak Si 29 Saphan Sung
5 Bangkok Noi 30 Bang KhoLaem
6 Bang Bon 31 Suan Luang
7 Bang Khun Thian 32 Taling Chan
8 Pathum Wan 33 Dusit
9 Phaya Thai 34 Don Mueang
10 Rat Burana 35 Thon Buri
11 Bang Na 36 BuengKum
12 Bangkok Yai 37 LatKrabang
13 Bang Rak 38 Khan Na Yao
14 Huai Khwang 39 LatPhrao
15 Khlong Toel 40 Phra Khanong
16 Nong Khaem 41 Pom Prap Sattru Phai
17 Bang Khae 42 Wang Thonglang
18 Thawi Watthana 43 Yan Nawa
19 Sathon 44 Prawet
20 Ratchathewi 45 Bang Phlat
21 Sai Mai 46 Samphanthawong
22 Bang Khen 47 Bang Kapi
23 Thung Khru 48 Din Daeng
24 Khlong Sam Wa 49 Khlong San
25 Watthana 50 Phra Nakhon

4.4 Sensitivity analysis
The impact of criteria weight is testing by sendi analysis. For this
research, the 20 experiments are used to sens#ivdlysis. The weights of all criteria

are equal for five experiments. These experimesésta find the location where the
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importances of all criteria are equal. The othgreziknents are set one criterion as the
highest weight and the remaining criteria as theekt weight. The criterion which the
highest weight is more than important to the otlréeria. The ranking of all districts
are present in Appendix G.

Table 4.4 reports the top five ranking from sewisyt analysis. Phasi
Charoen district is the best location in the equailght of all criteria, highest weight
of national environment and its impact criterioighest weight of government and
regulations criterion, highest weight of securityitazion, highest weight of
information technology criterion, highest weightamfuntry planning criterion, highest
weight of cost criterion and highest weight of catifion criterion. Thus, if these
criteria are important, Phasi Charoen district i®sen for drug distribution center
location. However, the top five ranking orders frexperts’ opinion are the same of
location in high and very high weight of all criger

In 2008, the maximum number of drug distributioanters from 50
districts is six in Huai Khwang district (InfophaarMedia Services, 2008). That's
similar location in the highest weight of demandtecion. Thus, the important

criterion for decision location in the past is demhariterion.

Table 4.4 The top five ranking of districts for lo@tion drug distribution center

' Ranking
Experiment
1 2 3 4 5
All criteria are Phasi Chom _
Bang Sue Lak Si Bang Bon
very low Charoen Thong
All criteria are Phasi Chom _
Bang Sue Lak Si Bang Bon
low Charoen  Thong
All criteria are Phasi Chom _
) Bang Sue Lak Si Bang Bon
medium Charoen Thong
All criteria are Phasi Chom _ Bangkok
_ Bang Sue Lak Si _
high Charoen  Thong Noi
All criteria are Phasi Chom Bangkok

_ Bang Sue Lak Si .
very high Charoen  Thong Noi
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Table 4.4 The top five ranking of districts for lo@tion drug distribution center

(cont.)
_ Ranking
Experiment
1 2 3 4 5
The highest weight
of national Phasi Bangkok Chom
_ _ Bang Rak Bang Sue
environment and Charoen Yai Thong
its impact
The highest weight ~ Pathum Ratchathe
o Bang Rak _ Watthana Bang Sue
of accessibility Wan wi
Bang )
The highest weight Phasi Bang Chom
Khun Bang Sue
of labor . Charoen Khae Thong
Thian
The highest weight
of connectivity to Pathum Phaya Suan Huai
Chatuchak _
multimodal Wan Thai Luang Khwang
transport
The highest weight )
Phasi Chom _ Rat Nong
of government and Lak Si
. Charoen  Thong Burana Khaem
regulations
The highest weight Huai Ratchathe Phaya Bangkok
_ ) Watthana )
of demand Khwang wi Thai Noi
The highest weight Bangkok Phasi Pathum Phaya
Bang Sue ) )
of infrastructure Noi Charoen Wan Thai
: . : Bang
The highest weight Phasi Bangkok Nong
) Bang Bon _ Khun
of security Charoen Noi _ Khaem
Thian
The highest weight
Khlong Huai Chom
of flooded _ Bang Na Phaya Thai
Toei Khwang Thong
management
The highest weight
Bang Sue Lak Si Phaya Thai  Bang Rak Sathon

of topography
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Table 4.4 The top five ranking of districts for lo@tion drug distribution center

(cont.)
_ Ranking
Experiment
1 2 3 4 5
The highest weight Phasi Chom Bangkok
Bang Sue Bang Bon )
of country planning Charoen Thong Noi
The highest weight Phasi Chom _ Bangkok
Lak Si Bang Bon ,
of cost Charoen  Thong Noi
The highest weight Phasi Chom , Bang Khun
Lak Si Bang Bon _
of competition Charoen Thong Thian
The highest weight ~ Bangkok Thawi Phasi Khlong
. Bang Sue
of density of traffic Yai Watthana  Charoen Sam Wa

Pathum Wan district is selected the best locatmnaccessibility and
highest weight of connectivity to multimodal traosp criterion as significant
criterion. If the labor criterion is important, BariKhun Thian district is proper to
located. In addition, thidistrict is the fifth ranking of the highest weigbit security
and competition criterion cases. Bang Sue dissithe best of location in case of the
highest weight of infrastructure and topographye third ranking in case of the
experts’ opinion and highest weight of country plizuy criterion, the third ranking in
case of equal weight criteria, the fourth rankimgcase of the highest weight of
national environment and its impact, labor andnmfation technology criteria, and the
fifth ranking in case of highest weight of acces#iband density of traffic criterion.
Not only Huai Khwang district is the best locatifmm the highest weight of demand
criterion, but also the fourth ranking for the heégh weight of flooded management
criterion and the fifth ranking for the highest gl of connectivity to multimodal
transport criterion. Khlong Toei district is proper selected the best location for the
highest weight of flooded management criterion oBlgsides, Bangkok Yai district is
the best location for the highest weight of densityraffic criterion and the second
ranking for the highest weight of national enviremh and its impact criterion.
However, the results of sensitivity base the weajhgach criterion on the best district

location.
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4.5 Drug distribution center location selection prgram

The step for using this program are as follows:
Step 1 Weight the criteria

The user weights the criteria into the first tdlpagram “Criteria weight”
(Figure 4.3). The program used the abbreviation@fht which very high is VH,
high is H, medium is M, low is L and very low is \fbr calculation fuzzy TOPSIS.
Then, click “NEXT” to weight the location.

Ol i 2 - s Drug distribution center location Program - Microsoft Excel - # x
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Figure 4.3 Weight the criteria

Step 2 Weight the districts on each criteria

The 50 districts were weight into 15 criteria Imststep. The user weights
the location into the second tab of program “Lamatweight” (Figure 4.4). The
abbreviations of weight which very good is VG, gasd@s, fair is F, poor is P and very
poor is VP was used for weight location. When ttep of weight the location is
finish, press “CALCULATION?” for the result step-lstep of fuzzy TOPSIS or press
“RESULT” for the ranking of the best location (Frguw.5).
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Figure 4.5 Weight the districts on each criteria 2

Step 3 Calculation by fuzzy TOPSIS
When the weights of criteria and locations havenbglled, the program

will automatically calculate and illustrate theukts. The result of fuzzy TOPSIS step-
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by-step is showmon tre page of “Calculation” (Figure 4.6pn the end of page, pre
“RESULT” for the ranking of the best location (Frgu4 7).
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Step 4 The result ofocatior
The page is showihe closeness coefficient (§@nd theranking of 50

districts for establishing a drug distribution can@Figure 48).
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Figure 4.8 The result of location

Therefore PhasiCharoen district is the best to establish a drsgitution
centerby using fuzzy TOPSI. The best location is chosen from the value of clese
coeffident which is the highe! In the real situation in the flooding 2011, the prse

location is ChonThon¢ and Bang Sue.
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CHAPTER YV
CONCLUSION

This research studied the possible location dratidution centers which
are still able to operate during flood crisis. Tpwssible location for 50 districts was
selected among Bangkok. The objectives of thisystar@ to identify the essential
criteria for selecting a drug distribution centecdtion and to propose the best district
in Bangkok for establishing a drug distribution #nwhich can still operate during
flood crisis. The 25 general criteria and 29 heath criteria were combined from
literature review. These criteria are grouped ihPocriteria and 3 criteria are added
from the experts. The final essential criteria $etecting a drug distribution center
location include cost, natural environment and iitgpact, accessibility, labor,
connectivity to multimodal transport, governmentdaregulations, competition,
demand, infrastructure, density of traffic, segyrihformation technology, flooded
management, topography and country planning. Thenekperts were asked to rate
each criteria ranging from 1(very low) to 5(vergh). Data of each district location
were identified and collected. Then, these distngere evaluated by fuzzy TOPSIS.
The possible location was the highest closenedfiaeat (CG).

The important criteria are accessibility, costnmectivity to multimodal
transport, and flooded management. The best lotdtiom the experts’ opinion
calculated by fuzzy TOPSIS is Phasi Charoen distiitowever, the closeness
coefficients of Phasi Charoen, Chom Thong and BSuog are not significantly
difference. The selected location could be anyidistlways the three districts.

However, when sensitivity analysis was conductbe, results of best
location from each criterion are varied. Based atural environment and its impact,
government and regulations, security, informatiechhology, cost and competition,
the best is Phasi Charoen district. Based on abdédgsand connectivity to

multimodal transport, the best is Pathum Wan distBased on labor, the best is Bang
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Khun Thian district. Based on demand, the best imiHKhwang. Based on
infrastructure and topography, the best is Bang @is&ict. Based on density of
traffic, the best is Bangkok Yai district. Based ftooded management, the best is
Khlong Toei.

The third, the criteria weights impact to the blesttion are investigated
by sensitivity analysis. Then, the criteria weiglktsgange, the best location is also
different district.

In summarize, the research methodology appligtii;istudy can be used
further to find the most suitable location for atliisinesses. The criteria should be
identified both in general and specifically for thesiness and its products. The Fuzzy-
TOPSIS can also be applied to search for the beatibn. Finally, sensitivity analysis
helps to suggest the best location for differemtdtion.

Suggestion for future research includes the agfdin of this research
methodology in other business. The study of smalleas under district and their
comparisons should be connected in order to getifsparea for establishing drug
distribution center in the real situation. The apgdtion of other decision-making

methodology can also be conducted to compare Hudtse
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APPENDIX A
NUMBER OF HOSPITALS BY TYPE AND PROVINCE

Source : Bureau of Health Policy and Planning (3010

Number of hospitals

Province Ministry of Other Private
Public Health | government | hospital Total
hospital hospital

Bangkok 5 23 95 123
Amnat Charoen 7 - - 7
Ang Thong 7 1 1 9
Buriram 22 1 2 25
Chachoengsao 10 - 2 12
Chainat 6 - 1 7
Chaiyaphum 15 - 2 17
Chanthaburi 12 - 2 14
Chiang Mai 33 9 13 55
Chiang Rai 17 1 2 20
Chonburi 13 7 11 31
Chumphon 11 3 3 17
Kalasin 14 - 1 15
Kamphaeng Phet 11 - 2 13
Kanchanaburi 15 1 4 20
Khon Kaen 26 6 3 35
Krabi 8 - 1 9
Lampang 14 2 2 18
Lamphun 7 1 2 10
Loei 17 1 2 20
Lopburi 12 2 2 16
Mae Hong Son 8 - - 8
Maha Sarakham 11 1 1 13
Mukdahan 7 1 1 9
Nakhon Nayok 4 4 - 8
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Table A.1 The number of hospitals by type and provice (cont.)

Number of hospitals
Province Ministry of Other Private
Public Health | government | hogpital Total
hospital hospital

Nakhon Pathom 10 3 4 17
Nakhon Phanom 12 2 - 14
Nakhon Ratchasima 31 4 8 43
Nakhon Sawan 16 2 7 25
Nakhon Si Thammarat 20 4 4 28
Nan 14 2 - 16
Narathiwat 13 - - 13
Nong Bua Lamphu 6 1 1 8
Nong Khai 14 - 3 17
Nonthaburi 10 2 6 18
Pathum Thani 10 1 7 18
Pattani 13 2 - 15
Phang Nga 10 2 - 12
Phatthalung 10 - 2 12
Phayao 7 1 1 9
Phetchabun 11 2 3 16
Phetchaburi 8 1 3 12
Phichit 9 - 4 13
Phitsanulok 9 3 6 18
Phrae 8 - 2 10
thrji;\lyikhon Si 16 i 4 20
Phuket 3 - 3 6
Prachinburi 7 2 1 10
Prachuap Khiri Khan 8 2 2 12
Ranong 5 - 1 6
Ratchaburi 9 1 4 14
Rayong 9 3 3 15
Roi Et 17 1 2 20
Sa Kaeo 6 3 - 9
Sakhon Nakhon 18 1 1 20
Samut Prakan 7 2 18 27
Samut Sakhon 2 2 7 11
Samut Songkhram 3 - 1 4
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Table A.1 The Number of hospitals by type and provice (cont.)

Number of hospitals

Province Ministry of Other Private
Public Health | government | hogpital Total
hospital hospital
Saraburi 13 1 4 18
Satun 6 - - 6
Si Saket 19 - 1 20
Singburi 6 - 1 7
Songkhla 18 6 5 29
Sukhothai 9 1 3 13
Suphan Buri 10 - 5 15
Surat Thani 22 3 7 32
Surin 14 1 2 17
Tak 9 2 - 11
Trang 10 1 3 14
Trat 7 - 1 8
Ubon Ratchathani 24 3 3 30
Udon Thani 20 3 3 26
Uthai Thani 8 - - 8
Uttaradit 9 1 - 10
Yala 8 - 1 9
Yasothon 9 1 2 12
Total 881 136 304 1,321
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APPENDIX B
THE CRITERIA DATA OF 50 DISTRICTS

Table B.1 The hospitals in 50 districts
Source : Bureau of Health Policy and Strategy (2010

District Government hospital Private hospital

- Bangpakok 2 Hospital

1. Bang Bon - .
- Bangpakok 8 Hospital
- Navasri Nursing Home

. Hospital

2. Bang Kapi - .
- Ramkhamhaeng Hospital
- Vejthani Hospital

3. Bang Khae - Ratchaphiphat Hospital - Kasemrad HalsBangkae

4. Bang Khen - - Central General Hospital

- Charoenkrung

5. Bang KhoLaem -Thai Eye Center

Pracharak Hospital

- Bangmod 2 Hospital
- Bangmod 3 Hospital
6. Bang KhunThian ) - Nakornthon Hospital

- Praram 2 Hospital

- Bangna General Hospital
- Kluaynamthai 2 Nursing
7. Bang Na - Home

- Manarom Hospital

- Sikarin Hospital

- Eye Ear Nose Throat
Hospital
8. Bang Phlat i - Sang Hee Hospital

- Yanhee Hospital
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Table B.1 The hospitals in 50 districts (cont.)

District

Government hospital

Private hospital

Bang Rak

- Lerdsin Hospital

- Bangkok Christian Hospita
- BNH Hospital
- Mahesak Hospital

10.

Bang Sue

- Bangpo General Hospital
- Kasemrad Hospital

Prachachuen

11.

Bangkok Noi

- Siriraj Hospital

- Chaophya Hospital
- Srivichai 1 Hospital
- Thonburi Hospital

12.

Bangkok Yai

13.

Bueng Kum

- Paolo Memorial Hospital
Nawamin

- Srisiam Hospital

14.

Chatuchak

- Mayo Hospital (Thailand)
- The Senior Health Care

- Vibhavadi Hospital

15.

Chom Thong

- Bangkhunthian Health
Center

- Bangmod Hospital

- Bangpakok 9 International

Hospital

16.

Din Daeng

- Sutthisan Hospital

17.

Don Mueang

- Bhumibol Adulyadej
Hospital

18.

Dusit

- Vajira Hospital

- Bangkok Adventist Hospit

19.

Huai Khwang

- Asoke Skin Hospital

- Bangkok Hospital

- Bangkok International
Hospital

- Golden Years Hospital
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Table B.1 The hospitals in 50 districts (cont.)

District Government hospital Private hospital

- Klongtun Medical Center
- Petcharavej Hospital

19. Huai Khwang - Piyavate Hospital

(cont.) - Praram 9 Hospital
- Wattanosoth Cancer
hospital

- Nopparat Rajathanee
20. Khan Na Yao Hospital - Synphaet Hospital
21. Khlong Sam Wa - -

- Somdet Chaopraya

22. Khlong San Institute of Psychiatry -

- Taksin Hospital

- Thailand Tobacco - Kluaynamthai Hospital
23. Khlong Toei Monopoly Hospital - Theptarin Hospital

- Mongkutwattana General

24. Lak Si - Chulabhorn Hospital Hospital

- Bangkok Metropolitan
25. Lat Krabang Administration -

- Lat Krabang Hospital

- Paolo Memorial Hospital

26. LatPhrao - Chokchai 4
- Sena Vetchakarn Hospital
- Navaminthra 9 Hospital
27. Min Buri - - Navaminthra Hospital
- Seriruk Hospital
28. Nong Chok - Wetchakarunrasm -
- Luang Pho Taweesak o _
29. Nong Khaem _ - Srivichai 2 Hospital
Hospital
- King Chulalongkorn | - Jetanin Institute for
30. Pathum Wan

Memorial Hospital

Assisted Reproduction
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Table B.1 The hospitals in 50 districts (cont.)

District

Government hospital

Private hospital

30.

Pathum Wan (cont.)

- Police General Hospital
- Thai Red Cross Relief

and Public Health Bureau

31.

Phasi Charoen

- Bang Phai Hospital
- Petkasem 2 Hospital

- Phyathai 3 Hospital

- Prasarnmit Hospital

- Bangkok Cancer Center
Hospital
- Decha Hospital

32. Phaya Thai - Veterans General ' .
, - Paolo Memorial Hospital
Hospital .
Phaholyothin
- Vichaiyut Hospital
33. Phra Khanong - -

34. Phra Nakhon - -
- Hua Chiew Hospital
35. Pom Prap Sattru Phaj - Klang Hospital - Angkhatha Wanit
Hospital
36. Prawet - Sirindhorn Hospital -
- Bangpakok 1 Hospital
- Krungdhon 2 Hospital
37. Rat Burana . .
- Nawamin 2 Hospital
- RajBurana Hospital
- Hospital for Tropical
Diseases . .
- Phyathai 1 Hospital
_ - Phramongkutklao _ .
38. Ratchathewi ' - Phyathai 2 Hospital
Hospital . _
o _ - Deja General Hospital
- Rajavithi Hospital
- Ramathibodi Hospital
o - B.Care Medical Center
39. Sai Mai -

- Saimai Hospital
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Table B.1 The hospitals in 50 districts (cont.)

District Government hospital Private hospital

- Kwongsiew Foundation

40. Samphanthawong - Hospital
- Thian Fah Foundation
Hospital
- Kasemrad Hospital

41. Saphan Sung - Sukhapibal 3

42. Sathon - Manchakiri hospital - Saint Louis Hospital
- Dr. Panya General
Hospital

43. Suan Luang - - Samitivej Srinakarin
Hospital
- Vibharam Hospital

44, Taling Chan - -

45. Thawi Watthana - - Thonburi 2 Hospital

- Somdejprapinklao

- Krungdhon 1 Hospital
- Ratchada-Tha Phra

46. Thon Buri .
Hospital Health Centre
- Yaowarak Hospital
47. Thung Khru - -
48. Wang Thonglang - - Ladprao General Hosp

ital

49.

Watthana

- Bumrungrad
International Hospital
- Camillian Hospital

- Rutnin Eye Hospital
- Samitive] Sukhumvit
Hospital

- Sukhumvit Hospital

50.

Yan Nawa
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Table B.2 The land cost, dust, waste, voice and labin 50 districts

Source : Bureau of Property Valuation (2012), $tygtand Evaluation Department
(2012)
Maximum of
Dust Waste Voice Labor
District land cost .
(Bath/wah?) (PM1g) |(Ton/day)| (decibel)| (persons)
1. Bang Bon 70,000 103 186.04 76.5 71,861
2. Bang Kapi 160,000 171 284.14 74.2 101,956
3. Bang Khae 150,000 89 256.16 77.2 131,883
4. Bang Khen 150,000 172 237.12 78.8 129,123
5. Bang Kho Laem 450,000 123 124.86 77.6 66,136
6. Bang Khun Thian 90,000 119 255.11 77.0 110,871
7. Bang Na 170,000 112 190.62 80.2 66,559
8. Bang Phlat 170,000 145 142.62 74.4 68,809
9. Bang Rak 850,000 107 151.23 75.3 31,611
10. Bang Sue 220,000 274 157.48 74.3 92,508
11. Bangkok Noi 170,000 87 183.64 77.2 82,330
12. Bangkok Yai 150,000 105 87.87 78.0 50,664
13. Bueng Kum 95,000 144 152.7% 76.4 100,277
14. Chatuchak 200,000 119 334.80 77.3 110,711
15. Chom Thong 130,000 142 191.96 78.0 108,816
16. Din Daeng 350,000 84 230.80 76.0 90,434
17. Don Mueang 100,000 94 160.80 79.C 114,004
18. Dusit 400,000 87 175.63 73.8 74,637
19. Huai Khwang 350,000 112 150.60 75.0 53,308
20. Khan Na Yao 95,000 147 95.04 79.0 59,790
21.Khlong Sam Wa 38,000 189 130.31 77.0 113,416
22.Khlong San 215,000 180 121.71 78.C 53,1388
23.Khlong Toei 400,000 115 280.04 78.7 75,779
24.Lak Si 140,000 112 146.53 73.6 76,218
25.Lat Krabang 35,000 170 199.78 77.0 110,328
26.Lat Phrao 80,000 149 156.21 75.5 83,804
27.Min Buri 75,000 194 169.32 75.0 93,446
28.Nong Chok 24,000 156 88.22 72.0 105,884
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Table B.2 The land cost, dust, waste, voice and labin 50 districts (cont.)

Maximum
dust Waste Voice Labor
District of land cost _
(Bathiwat?) (PM10) |[(Ton/day)| (decibel) |(persons

29.Nong Khaem 150,000 101 163.78 77.6 101,718
30.Pathum Wan 800,000 92 216.93 79.Q 37,722
31.Phasi Charoen 150,000 132 147.81 73.0 89,506
32.Phaya Thai 350,000 128 147.48 75.Q 50,437
33.Phra Khanong 100,000 141 133.23 71.0 64,806
34.Phra Nakhon 400,000 136 190.80 72.9 40,311
35.Pom Prap Sattru Phiai 500,000 101 86.74 78.1 35,731
36. Prawet 120,000 140 214.32 75.7] 108,686
37.Rat Burana 110,000 124 119.09 78.3 60,251
38. Ratchathewi 400,000 250 171.97 76.3 50,002
39. Sai Mai 150,000 140 169.33 78.3 127,569
40. Samphanthawong 700,000 120 58.27 77.0 19,206
41.Saphan Sung 70,000 144 90.41 75.0 60,989
42.Sathon 600,000 123 158.04 76.2 59,135
43.Suan Luang 140,000 91 186.0p 72.(Q 79,166
44.Taling Chan 185,000 113 114.35 77.5 73,245
45. Thawi Watthana 60,000 175 91.16 76.( 51,758
46.Thon Buri 165,000 86 162.61 77.7 83,364
47.Thung Khru 90,000 139 116.73 78.0 79,444
48.Wang Thonglang 130,000 164 195.85 77.6 78,936
49. Watthana 400,000 148 232.91 80.G 55,453
50.Yan Nawa 550,000 166 157.63 81.3 56,574

Table B.3 The station of sky electric train and theinderground electric train in

50 districts

Source : Strategy and Evaluation Department (2012)

District

train

The station of sky electric

The station of underground

electric train

1. Bang Bon

2. Bang Kapi
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Table B.3 The station of sky electric train and theinderground electric train in

50 districts (cont.)

o The station of sky electri¢ The station of underground
pistnet train electric train
3. Bang Khae - -
4. Bang Khen - -
5. Bang KhoLaem - -
6. Bang Khun Thian - -
7. Bang Na - -
8. Bang Phlat - -
- Sala Daeng Station
- Chong Nonsi Station |- Sam Yan Station
9. Bang Rak - Surasak Station - Silom Station
- Saphan Taksin Station
10. Bang Sue - - Bang Sue station
11. Bangkok Noi - -
12. Bangkok Yai - -
13. BuengKum - -
- Kamphaeng Phet Station
14. Chatuchak - Mo Chit Station - Lat Phrao Station
- Phahon Yothin Station
15. Chom Thong - -
- Ratchadaphisek Station
16. Din Daeng ) - Sutthisan Station
17. Don Mueang - -
18. Dusit - -
- Phra Ram 9 Station
19. Huai Khwang - - Thailand Cultural Centre
Station
20. Khan Na Yao - -
21. Khlong Sam Wa - -
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Table B.3 The station of sky electric train and theinderground electric train in

50 districts (cont.)

o The station of sky | The station of underground
District . _ . ,
electric train electric train
- Krung Thon Buri Station
22. Khiong San - Wongwian Yai Station
- Nana Station
- Asok Station
- Phra Khanong Station |- Khlong Toei Station
23. Khlong Toei - Phrom Phong Station |- Queen Sirikit National
- Thong Lo Station Convention Centre Station
- On Nut Station
- Ekkamai Station
24. Lak Si - -
25. Lat Krabang - -
26. Lat Phrao - -
27. Min Buri - -
28. Nong Chok - -
29. Nong Khaem - -
- Siam Station
- Chit Lom Station - Hua Lamphong Station
30. Pathum Wan - Phloen Chit Station - Sam Yan Station
- National Stadium Statign Silom Station
- Ratchadamri Station
31. Phasi Charoen - -
_ - Saphan Khwai Station
32. Phaya Thai ' -
- Sanam Pao Station
33. Phra Nakhon - -
34. Phra Khanong - -
35. Pom Prap Sattru Phai - -
36. Prawet - -
37. Rat Burana - -
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Table B.3 The station of sky electric train and theinderground electric train in

50 districts (cont.)

District

The station of sky

electric train

The station of underground

electric train

38. Ratchathewi

- Ratchathewi Station
- Victory Monument
Station

- Phaya Thai Station

- Petchaburi Station

39. Sai Mai

40. Samphanthawong

41. Saphan Sung

42.Sathon

- Surasak Station
- Saphan Taksin Station

43. Suan Luang

44. Taling Chan

45.Thawi Watthana

46.Thon Buri

47.Thung Khru

48.Wang Thonglang

49. Watthana

- Nana Station

- Asok Station

- Phra Khanong Station
- Phrom Phong Station
- Thong Lo Station

- On Nut Station

- Ekkamai Station

- Sukhumvit Station

50. Yan Nawa

Table B.4 The number of piers and the bus number %0 districts

Source : Strategy and Evaluation Department (20T23ffic and Transportation
Department (2012)
District Piers The bus number

1. Bang Bon

- 43,

120, 147, 167, 171
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Table B.4 The number of piers and the bus number i®0 districts (cont.)

8,

District Piers The bus number
8, 22, 36, 370, 40,»43, 44, 48, 49, 80, 92, 9
, 95, 95), 97, 98, 99, 100, 115, 117, 123, 14
2. Bang Kapi 9
145, 150, 152, 172, 174, 178, 206, 501, 51
520, 530, 550
m5, 7, h, n77, 79, 80, 91, 101, 123, 146, 14
3. Bang Khae -
157, 165, 169, 171, 183, 509,
013, 26, 34, 39, 4255, 59, 81, 82, 95, 95
4. Bang Khen - 107, 114, 116, 126, 129, 150, 154, 185, 18§
206, 503, 520, 522, 543, 554,
5. Bang Kho Laem 2 138, 140, 141, 142
a7,10.7,68, 71, 73, 76, 105, 140, 141, 142, :
6. Bang Khun Thian -
171, 172, 529, 558
2,45, 4%, 46,063, 102, 116, 129, 142, 507
7. Bang Na -
511, 536, 545
1o.n.4, 18, 19, 28, 30, 56, 57, 66, 68, 79, 80,
8. Bang Phlat 15 | 108, 110, 123, 124, 127, 146, 157, 170, 117
175, 177, 183, 203, 507, 511, 516, 542, 51
1, 15, 16, 35, 36, 45, 4575, 76, 77, 93,
9. Bang Rak 7
115,162, 163, 164, 177, 504, 514, 547
5, 16, 30, 32, 33, 49, 50, 51, 52, 64, 65, 66,
10.Bang Sue 4
70, 90, 97, 117, 505, 511, 516
7, 7, 19, 40, 42, 56, 57, 68, 80,:8®B1, 84, 86
11.Bangkok Noi 15 | 84n, 89, 91, 94, 101, 108, 146, 147, 149, 15

163, 164, 165, 169, 171, 175, 177, 509, 542

4,
»6

67,

o547
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Table B.4 The number of piers and the bus number i®0 districts (cont.)

District

Piers

The bus number

12.Bangkok Yai

11

26, 36, 60, 71, 78, 95, 99, 96, 115, 150, 15

178, 501, 520,

13.BuengKum

7n10,ma12,a14, 15,24, 26, 30, 34, 39, 40, 44,

47, 58, 59, 60, 61, 62, 67, 95, 101, 107, 11
114,»118, 119, 120, 126, 129, 185, 188, 2(

503, 522, 5435 50

14.Chatuchak

7, M, 19, 40, 42, 56, 57, 68, 80,18@1, 84, 8C

n, 84n, 89, 91, 9%, 101, 108, 146, 147, 149

157, 163, 164, 165, 169, 171, 175, 177, 50
542, 547

15.Chom Thong

1,

43, 68, 76, 105, 120, 140, 141, 142, 147, 167,

172, 193, 529, 530, 558

16.Din Daeng

3,10.m.4, 8,12, 13, 24, 69, 92, 27, 28, 29, 3

17.Don Mueang

nl3, 29, 34, 39, 59, 81, 82, 9698, 114, 116

188, 503, 504, 510, 513, 520, 522, 538

4,

18.Dusit

3,1e8.1.4,5,9, 10, 12, 14, 16, 18, 19, 28, 30,

33, 49, 53, 56, 64, 65, 66, 70, 72, 99, 108, 1

125, 157, 171, 183, 201, 503, 505, 509, 51
524,542, 539

10,
S5,

19. Huai Khwang

1o.w.4, 12, 13, 24, 36, 36 54, 69, 73, 78, 74,

92, 98, 107, 117, 129, 136, 137, 138, 157, 1

171, 172, 185, 204, 206, 504, 514, 517, 52
537, 538, 555

68,
91

20.Khan Na Yao

nl4, 54, 71, 115, 168
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Table B.4 The number of piers and the bus number i®0 districts (cont.)

505, 507, 508, 511, 514, 529, 547

31.Phasi Charoen

7, 7, 80, 806, 81, 84, 84, 89, 9b, 101, 146,

147, 157, 163, 164, 165, 171, 509, 547

32.Phaya Thai

District Piers The bus number
21.Khlong Sam Wa - 559
3,4,6,7,%, 09, 10, 19, 20, 21, 37, 40, 42, 4B,
22.Khlong San 3 56, 57, 76, 82, 84, 85, 88, 89, 105, 106, 111
120, 149, 164, 167, 172, 173, 177, 506, 529
4,13, 22, 45, 46, 47, 71, 72, 74, 98, 102, 107,
23.Khlong Toei 1 109, 115, 116, 136, 141, 149, 154, 173, 180,
185, 205, 507, 519, 544
13, 29, 38, 51, 52, 59, 62, 65, 89, 95, 114, 356,
24.Lak Si - 504, 510, 513, 538, 555
025, 26, 92¢111,143, 144, 151, 152, 517, 5]
25. LatKrabang -
549, 551, 554, 559, 1013
26.LatPhrao - 26, 154, 156
8,n15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 26
27 Min Buri 6 39, 58, 60, 91, 92, 93, 96, 108, 113, 131, 151
152, 168, 173, 501, 502, 514, 54849
28.Nong Chok 7 w17, 18, 21055, 57, 131, 526
29.Nong Khaem 3 7, 80, 80
2,4,7,13, 14, 15, 16, 17, 21, 25, 29, 40, 45, 45
n, 46, 47, 48, 49, 50, 53, 62, 67, 73734, 75
30.Pathum Wan 2 | 76,77, 79,85, 93,109, 113, 141, 159, 162,
164, 170, 172, 174, 177, 183, 204, 501, 504,

3, 8, 24, 26, 27, 28, 29, 34, 38, 39, 44, 52, b4,

99, 63, 69, 74, 77, 90, 92, 97, 104, 107, 108

117,
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Table B.4 The number of piers and the bus number i®0 districts (cont.)

District

Piers

The bus number

32.Phaya Thai (cont.)

129, 138, 157, 204, 502, 503, 504, 509, 51
524, 555

33.Phra Khanong

2,45, 4%, 46, 102, 129, 142, 511, 536

34.Phra Nakhon

15

1,2,3,6,8,9, 10, 12, 15, 19, 25, 30, 32, 53

0,

42,43, 44, 47, 48, 56, 59, 60, 64, 65, 68, 70| 73,
79, 82,91, 123, 124, 157, 169, 171, 174, 1}/ 7,

183, 201, 203, 503, 507, 508, 509, 511, 51
524, 542

35.Pom Prap Sattru Phai

|

1,2,4,7,8, 10, 15, 21, 25, 35, 37, 43, 44, 47,

48, 49, 53, 56, 59, 60, 70, 73,n(F9, 85, 157

159, 171, 201, 204, 503, 507, 508, 509, 51
529, 542

36. Prawet

11n, 36, 46, 48p48,¢49, 50, 51, 922109, 110

139, 145, 180, 182, 206, 207, 517, 551, 10

37.Rat Burana

6,17, 20, 21, 35, 37, 75, 82, 85, 138, 140, ]
142, 504, 558

38. Ratchathewi

1,

13
41,

1Jo.n.4, 8,12, 13, 14, 17, 24, 26, 29, 34, 367,86

38, 44, 50, 54, 58, 59, 60, 62, 63, 67, 69, 72
73n, 74, 77,79, 92, 93, 98, 99, 113, 136, 11

140, 150, 157, 159, 163, 164, 168, 170, 11
172,174,177, 183, 185, 187, 201, 204, 2C
502, 503, 504, 505, 509, 511, 513, 514, 5]
522, 529, 536, 537, 538, 539, 542, 547, 51

, 73,
39,

1,

9:
b1

39.Sai Mai

013, 42,042, 34, 39, 81, 82, 114, 116, 188, 5

520, 522, 559

40. Samphanthawong

1,4,7,10, 21, 25, 29, 35, 37, 40, 46, 47 493
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Table B.4 The number of piers and the bus number i®0 districts (cont.)

District Piers The bus number
40. Samphanthawong o 53, 56, 73, 78, 75, 85, 109, 113, 159, 204, 5
(cont.) 507, 529
41.Saphan Sung - 93,171, 172, 554, 551, 559,
1,4,13,15,17, 22, 45, 46, 47, 62, 67, 74, [5,
42.Sathon 1 | 77,89, 109, 115, 116, 141, 149, 162, 163, 173,

504, 507, 544, 547

43.Suan Luang - 11n, 40, 92, 99, 145, 206, 517, 551, 1013
1o.n.4, 19, 28, 40, 66, 89, 123, 146, 149, 165,

44.Taling Chan -
177, 388, 507, 511, 515, 516, 539, 542,

7n, %33, 79, 84, 91n, 123, 124, 125, 146, 157,
45. Thawi Watthana -
163, 164, 165, 170, 183, 388, 515, 539, 547

3,4,7,1,9, 10, 15, 20, 21, 37, 42, 43, 76p80

82, 84, 84, 85, 89, 94, 101, 105, 108, 111,

46.Thon Buri 1
120, 147, 163, 164, 165, 167, 172, 173, 115,
193, 205, 529, 542, 547
47.Thung Khru - 736, 75, 88

8, 260, 27, 36, 44, 73, 92, 96, 122, 126, 137,
48.Wang Thonglang -
145, 154, 172, 178, 182, 502, 514, 545

2,22, 23, 25, 26 38, 40, 48, 71, 72, 98, 109,

49.Watthana 3 115, 136, 154, 173, 185, 501, 508, 511, 514,

519, 545
50.Yan Nawa 1 138, 140, 141, 142
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Table B.5 The number of Train station, entrance texpressway and exit to

Source :

expressway in 50 districts

Department (2012).

Strategy and Evaluation Department (20T2affic and Transportation

L Train Expresswa
District station Entrance ION : Exit N.
1. Bang Bon 3 - - - -
2. Bang Kapi _ |- Chalong Rat 1 ] ]
expressway
3. Bang Khae - - - - -
4. Bang Khen |- Chalong Rat 1 |- Chalong Rat 1
expressway expressway
5. Bang KhoLaem - - Si Rat expressway | - Si Rat expressway
6. Bang Khun Thian 1 - - - -
7. Bang Na _ | - Burapha Withi 1 | - Burapha Withi 1
expressway expressway
8. Bang Phlat - - - - -
9. Bang Rak - - Si Rat expressway |3 - Si Rat expregswa
10.Bang Sue - - - - -
11.Bangkok Noi 2 - - - -
12.Bangkok Yai - - - - -
13.BuengKum - - - - -
14.Chatuchak 4 -Si Rat expressway |2 - Si Rat exprgsswa
15.Chom Thong 4 - - - -
16.Din Daeng - - - - -
17.Don Mueang 3 - Si Rat expresswpy |1 - SiRat exp@gs 1
18.Dusit 3 - - - -
- Si Rat expressway | - Si Rat expressway
19. Huai Khwang 1 |- Chalong Rat 2 | - Chalong Rat 2
expressway expressway
20.Khan Na Yao - - - -
21.Khlong Sam Wa - - - -
22.Khlong San - - - -
23.Khlong Toei _ |- Chalong Rat 11" Chalong Rat 1
expressway expressway
24.Lak Si 2 - - - -
25. LatKrabang 4 - - -
26.LatPhrao - . - Chalong Rat 1
expressway

27.Min Buri

28.Nong Chok
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Table B.5 The number of Train station, entrance texpressway and exit to

expressway in 50 districts (cont.)

. Train Expressway
pistrict station Entrance N. Exit N.

29.Nong Khaem - - - - -

30.Pathum Wan 1 - Si Rat expressway | - Si Rat expressway 1

31.Phasi Charoen - - -

32.Phaya Thai 2 - Si Rat expressway |1 - SiRat expass 1

33.Phra Khanong _ |- Chalong Rat 1 | - Chalong Rat ]
expressway expressway

34.Phra Nakhon - - - - -

35.Pom Prap Sattrp i ) i )

Phai

36. Prawet - - - - -

37.Rat Burana - - - - -

38. Ratchathewi 4 - Si Rat expressway |1 - SiRatespag| 1

39.Sai Mai - - - - -

40. Samphanthawong - - - - -

41.Saphan Sung - - -

42.Sathon - - Si Rat expressway |2 - Si Rat expressway

43.Suan Luang 5 |- Chalong Rat , | - Chalong Rat )
expressway expressway

44.Taling Chan 2 - - - -

45. Thawi Watthana 2 - - - i

46.Thon Buri 2 - - - -

47.Thung Khru - - - - -

48.Wang Thonglang _ |- Chalong Rat o | - Chalong Rat 5
expressway expressway

49, Watthana _ |- Chalong Rat 1 - .
expressway

50.Yan Nawa - - Si Rat expressway |1 - Si Rat expregswa

Table B.6 The drug distributor in 50 districts

Source : Infopharma Media Services (2008), Tradindd Transportation Department

(2011).
- " Traffic volume
District Drug distributor (vehicles/day)
1. Bang Bon - 35,348
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Table B.6 The drug distributor in 50 districts (cort.)

Traffic volume

District Drug distributor (vehicles/day)
- IDS Marketing (Thailand) Ltd.
> B Kapi - Medifive Pharma Co., Ltd.
. Bang Kapi
97ap - S.T. Pharma. 81,873
- US Summit Corporation (Overseas).
3. Bang Khae - 29,752
4. Bang Khen - 86,650
5. Bang KhoLaem - 39,442
6. Bang KhunThian - 55,093
7. Bang Na - Stada Asiatic Co., Ltd. 43,878
- Far East Pharmaceutical Ltd., Part.
8. Bang Phlat - Greater Pharma Ltd., Part. 65,508
- Oui Heng Import Co., Ltd.
9. Bang Rak - Pharma Square Co., Ltd. 92,656
10. Bang Sue - Masu Co., Ltd. 40,114
- Kaspa Pharmaceutical (Thailand)
Co., Ltd.
11. Bangkok Noi - Neopharm Co., Ltd. 24,934
- Union Medical (Thailand) Co., Ltd.
12. Bangkok Yai - 18,727
13. BuengKum - 69,375
- Siam Medicare Co., Ltd.
14. Chatuchak - Siam Pharmaceutical Co., Ltd. 96,254
- T.C. Pharma-Chem Co., Ltd.
15. Chom Thong - 39,228
- Pharma Square Co., Ltd.
16. Din Daeng _ Star Lab Co., Ltd. 69,059
17. Don Mueang - 67,785
18. Dusit - 50,508
- Dabur Pharma (Thailand) Co., Ltd.
19. Huai Khwang - Harn Thai Pharma Ltd. 53,896

- Indochina Healthcare Ltd.
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Table B.6 The drug distributor in 50 districts (cort.)

Traffic volume

District Drug distributor (vehicles/day)
- Medline Co., Ltd.
19.((I;-|Oli]atu)Khwang - Medochemie Ltd. 53,896
- Tri Medical Co., Ltd.
20. Khan Na Yao - 66,789
21. Khlong Sam Wa - 8,498
-BLHua&Co,, Ltd .
22. Khlong San - SPS Medical Co., Ltd. 46,662
- BJC Healthcare Co., Ltd.
- Bristol-Myers Squibb (Thailand) Ltd.
23. Khlong Toei - Cosma Medical Co., Ltd. 57,448
- Zuellig Pharma Ltd.
24, Lak Si - 37,890
- Berlin Pharmaceutical Industry Co
Ltd.
25. LatKrabang S _ 34,485
- Thai Meji Pharmaceutical Co., Ltd.
- Unison Laboratories Co., Ltd.
26. LatPhrao - 47,220
27. Min Buri - 33,399
28. Nong Chok - 27,500
29. Nong Khaem - 24,568
30. Pathum Wan - B L H Trading Co., Ltd. 39,886
31. Phasi Charoen - 41,940
32. Phaya Thai - Medicine Supply Co., Ltd. 92,656
- Biogenetech Co., Ltd.
- Olic (Thailand) Ltd.
33. Phra Khanong 63,307

- T P Drug Lab (1969) Co., Ltd.

- Vana Corporation Ltd.

34. Phra Nakhon

- Mayoly Spindler Laboratories.

(S. Charoen Bhaesaj Trading Co., Ltd.

52,071

35. Pom Prap Sattr

Phai

y

- Far East Pharmaceutical Ltd., Part.

34,972
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Table B.6 The drug distributor in 50 districts (cort.)

District Drug distributor T(\r,aefr?i%\ézl/%r;;
- Pharmadica Co., Ltd.
36. Prawet 28,866
- Pharmaland (1982) Co., Ltd.
37. Rat Burana - 24,898
38. Ratchathewi - Bangkok Drug Co., Ltd. 80,436
39. Sai Mai - 22,493
40. Samphanthawong - DKSH (Thailand) Limited. 21,740
41. Saphan Sung - 28,866
42. Sathon - 42,578
43. Suan Luang - 55,601
44. Taling Chan - Nupharma & Healthcare Co., Ltd. 12,62
45. Thawi Watthana - 9,440
46. Thon Buri - Charoon Bhaesaj Ltd. 55,932
47. Thung Khru - 31,090
- Pro Task Co., Ltd.
48. Wang Thonglang 61,612
- Schumit 1967 Co., Ltd.
49. Watthana - Biopharm Chemicals Co., Ltd. 54,887
- Natural Media Co., Ltd.
- Pacific Healthcare (Thailand) Co.,
50. Yan Nawa 89,323
Ltd.
- Wellchem Pharmaceutical Co., Ltd

Table B.7 The drainage tunnel and the Royally-Initated Bangkok Flood Dyke in

50 districts

Source Bangkok Metropolitan Administration (2011).

The Royally-Initiated

District Drainage tunnel Bangkok Flood Dyke
1. Bang Bon - )
- Eastern Bangkok Flood
2. Bang Kapi - Dyke
- Western Bangkok Flood
3. Bang Khae -

Dyke




Thummamateta Treevirotmongkol

Appendices / 98

Table B.7 The drainage tunnel and the Royally-Initated Bangkok Flood Dyke in

50 districts (cont.)

District

Drainage tunnel

The Royally-Initiated
Bangkok Flood Dyke

4. Bang Khen

- Drainage tunnel at Bang

Khen Canal (future)

- Eastern Bangkok Flood
Dyke

5. Bang KhoLaem - -
- Western Bangkok Flood
6. Bang KhunThian - Dyke
- Drainage tunnel from
- Eastern Bangkok Flood
7. Bang Na Nong Bon Pond to the ChaJOD .
e
Phraya River (future) Y
8. Bang Phlat - -
9. Bang Rak - -
- Drainage tunnel at Bang
10.Bang Sue -

Khen Canal (future)

11.Bangkok Noi

12.Bangkok Yai

13.BuengKum

- Eastern Bangkok Flood
Dyke

14.Chatuchak

- Drainage tunnel at Bang

Khen Canal (future)

15.Chom Thong

- Western Bangkok Flood
Dyke

16.Din Daeng

- Drainage tunnel beneath

Bang Sue Canal (future)

17.Don Mueang

18.Dusit

- Drainage tunnel at Prem
Prachakon Canal
- Drainage tunnel beneath
Bang Sue Canal (future)

19. Huai Khwang

- Rama IX-Ramkhamhaeng

drainage tunnel
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Table B.7 The drainage tunnel and the Royally-Initated Bangkok Flood Dyke in

50 districts (cont.)

District

Drainage tunnel

The Royally-Initiated
Bangkok Flood Dyke

19.Huai Khwang

(cont.)

- Drainage tunnel beneath

Bang Sue Canal (future)

20.Khan Na Yao

- Eastern Bangkok Flood
Dyke

21.Khlong Sam Wa

- Eastern Bangkok Flood
Dyke

22.Khlong San

23.Khlong Toei

- Drainage tunnel at S
Sukhumvit 26
- Drainage tunnel at S
Sukhumvit 36
- Drainage tunnel at S
Sukhumvit 42

D

D

D

24.Lak Si

25. LatKrabang

26.LatPhrao

27.Min Buri

28.Nong Chok

29.Nong Khaem

30.Pathum Wan

31.Phasi Charoen

- Drainage tunnel from
Makkasan Pond to the Cha
Phraya River

(0] -

32.Phaya Thai

- Drainage system at Phay:
Thai District
- Drainage tunnel beneath

Bang Sue Canal (future)

o
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Table B.7 The drainage tunnel and the Royally-Initated Bangkok Flood Dyke in
50 districts (cont.)

The Royally-Initiated

District Drainage tunnel Bangkok Flood Dyke

- Drainage tunnel from
33.Phra Khanong Nong Bon Pond to the Chap -
Phraya River (future)

34.Phra Nakhon - -

35.Pom Prap Sattru

Phai
- Drainage tunnel from
- Eastern Bangkok Flood
36. Prawet Nong Bon Pond to the ChaloD ‘
e

Phraya River (future) Y
37.Rat Burana - -

- Drainage tunnel from
38. Ratchathewi Makkasan Pond to the Chgo -

Phraya River

- Eastern Bangkok Flood
39.Sai Mai -

Dyke
40. Samphanthawong - -
41.Saphan Sung - -
- Drainage tunnel from
42.Sathon Makkasan Pond to the Chao

Phraya River

43.Suan Luang - -

- Western Bangkok Flood

44.Taling Chan - Dyke

45. Thawi Watthana - -

46.Thon Buri - -
- Western Bangkok Flood

Dyke

47.Thung Khru -
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Table B.7 The drainage tunnel and the Royally-Initated Bangkok Flood Dyke in
50 districts (cont.)

The Royally-Initiated

District Drainage tunnel Bangkok Flood Dyke

48.Wang Thonglang - -

- Rama IX-Ramkhamhaeng

49. Watthana : -
drainage tunnel

50.Yan Nawa - -

Table B.8 The elevation above mean sea level anddt history in 50 districts
Source : Government Savings Bank (2012), TEAM GrogCompanies Co., Ltd

(2011)
Elevation above Flood

District mean sea level (m.) 2011 1995
1. Bang Bon 1-15 X -
2. Bang Kapi 0-0.5 - -
3. Bang Khae 05-1 X -
4. Bang Khen 15-2 X -
5. Bang KhoLaem 25-3 X X
6. Bang KhunThian 1-15 - -
7. Bang Na 0-05 - -
8. Bang Phlat 0-05 X X
9. Bang Rak 25-3 - X
10. Bang Sue 25-3 X -
11. Bangkok Noi 05-1 X X
12. Bangkok Yai 05-1 - -
13. BuengKum 05-1 - -
14. Chatuchak 05-1 X X
15. Chom Thong 05-1 - -
16. Din Daeng 1-15 - X
17. Don Mueang 05-1 X -
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Table B.8 The elevation above mean sea level anddt history in 50 districts

(cont.)
District Elevation above Flood

mean sea level (m.) 2011 1995
18. Dusit 05-1 X X
19. HuaiKhwang 0-0.5 - -
20. Khan Na Yao 1-15 X -
21. Khlong Sam Wa less than O X -
22.Khlong San 05-1 X X
23. Khlong Toei 25-3 X X
24. Lak Si 25-3 X -
25. LatKrabang 0-0.5 X -
26. LatPhrao 1-15 X -
27. Min Buri 05-1 X -
28. NongChok 05-1 X -
29. NongKhaem 0-0.5 X -
30. Pathum Wan 05-1 - -
31. Phasi Charoen 05-1 X -
32. Phaya Thai 25-3 - X
33. PhraKhanong 0-05 - X
34. PhraNakhon 0-05 X X
35. PomPrapSattruPhai 05-1 - X
36. Prawet 0-05 - -
37. Rat Burana 15-2 X X
38. Ratchathewi 05-1 - -
39. Sai Mai 2-25 X -
40. Samphanthawong 05-1 X X
41. Saphan Sung 05-1 - -
42. Sathon 25-3 X X
43. SuanLuang 0-05 - X
44. Taling Chan 05-1 X -
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Table B.8 The elevation above mean sea level anddt history in 50 districts

(cont.)
District Elevation above Flood

mean sea level (m.) 2011 1995
45. ThawiWatthana 1-15 X -
46. Thon Buri 05-1 X -
47. ThungKhru 2-25 - -
48. Wang Thonglang 15-2 X -
49. Watthana 0-0.5 - X
50. Yan Nawa 25-3 X -

Note: [X] = That district had been flood.

Table B.9 Themeasures to prohibit truck traffic
Source : Tonglim (2012).

Route/Area

Measurement

Inner Bangkok (radiu
113 Square kilometerg

\vJ

N

All trucks with 10 wheels or more are prohibited&t00 to

21.00. Except contained concrete, cranes or alldvesd
permission at 10.00-15.00.

The expressway

The 6 wheels trucks are banned at 06.00-09.00 &utd to
20.00. All trucks with 10 wheels or more are banaed
05.00-09.00 and 15.00 to 21.00.

the west Ring Road

All trucks with 6 wheels or more are prohibited)&t00 to
21.00.

Suksawat-Rama 2
Road

All trucks with 6 wheels or more are prohibited&t00 to
21.00.
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Districts

%Crime

Bang Kapi, Bang Khen, Bang Sue, BuengKum, ChatyoGhkm
Thong, Don Mueang, Khan Na Yao, Khlong San, Lak &iPhrao,
Prawet, Rat Burana, Sai Mai, Saphan Sung, Suang,Udron Buri,

Thung Khru, Wang Thonglang

46.4

Bang KhoLaem, Bang Na, Bang Rak, Din Daeng, Dthigi
Khwang, Khlong Toei, Pathum Wan, Phaya Thai, PHrartong,

Phra Nakhon, Pom Prap Sattru Phai, Ratchathewi,

Samphanthawong, Sathon, Watthana, Yan Nawa

29.3

Bang Bon, Bang Khae, Bang Khun Thian, Bang Phlahg&ok
Noi, Bangkok Yai, Khlong Sam Wa, LatKrabang, MinrBiINong
Chok, Nong Khaem, Phasi Charoen, Taling Chan, Théatthana

21.1
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APPENDIX C
THE QUESTIONNAIRE OF LOCATION FOR ESTABLISHING
DRUG DISTRIBUTION CENTER (ENGLISH).

The questionnaire of criteria analysis for establising drug

distribution center

All respondents respectfully

This questionnaire is a part of selection location a drug
distribution center research that can be carrigddating the flood. The
researcher is Miss Thummamateta Treevirotmongkohd@ate student
of Mahidol University Salaya Campus. Please, anshemuestionnaire|

The information will be use for study.

Objective: The questionnaire is conducted to analysis tlaofa to
select an appropriate location distribution centdale to meet the needs

of customers and safety patient during the flood.

Explanation : There are two section.
section 1 ask the appropriate criteria to condole
establishing drug distributicenter.

section 2 for more suggestions.

Thank you for your participant answering my quastaire.
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Generalinformation

Organization: ........cccceeeeeeeeeernineees e POSItiON: ..o

Experience in healthcare iNdustry.............ccccceeeeeiiiiiiiiiece e

Section 1The criteria is considered the location drug distiion center (pleaséinto the
level of each criteria)
The level of importance 5 = Very high, 4 = highs edium, 2 = Low,

1 = very low and O = not available

Criteria 5(413(2|1|0
1. Costs in acquiring land, capital, vehicle resear
drivers, resource, logistics, services and taxedeat
the location.
2. The condition of weather, geological, hydrological
topography (e.qg. rain, sunshine, humidity etc.).
3. Access by public and private transport modes to the
location.
4. Sufficient the number of labors.
5. Capability to appropriate and response time servig
6. Connectivity of the location with multiple modes |o
transport, e.g. highways, seaport, railways etc.
7. Ability to conform to sustainable freight regulat®
imposed by municipal administrations for e.g. riestd
delivery hours, special delivery zones.
8. Capability to compete against others or the nurober
competitor
9. The number of customers purchases the produals, an
whether the needs of the market can be adequgately
fulfilled.
10. The distance and time from location to customers.
11. The condition of economy (e.g. currency value,
exchange rate, market demand etc.).
12. Availability of raw materials resources in the
location.
13. The availability and convenience to access themwat
and electricity supply infrastructure.
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Criteria 51413|2]1|0
14. Capability to manage continues the growing
demand.
15. The frequency of use traffic is from the looatto
the suppliers or customers
16.Impact of location on the environment, for examp
air pollution, noise.
17. Good legal rules and regulations to support
business.
18.The distance and time from locationstioppliers
19. The security from crime, accident etc.

20. The period of time frompurchase orderuntil the
customers receive drug.

21. The feature of produdie.g. size, type, preservation
temperature etc.).

22. The technology for sending and receiving infation)
23.Firm strategy and structure

24. Governmental policy towards establishing dfug
distribution center includes the regulations of &stablished
standard

25.Focus outreach efforts near drug markets

26.The density and structure of the population.
27. The flood management in Bangkok

28. The mean sea levaflarea

29. The permit DC area in country planning
30. Others (please identify).......ccccccvveveeeennn.
31. Others (please identify)........ccccccceveenennn.
32. Others (please identify)........ccccccceveeennnn.
33. Others (please identify).......ccccccvveeeeeennn.
34. Others (please identify).......ccccccvveveeeennn.
35. Others (please identify)........cccccccceveeeennn.

€,

Section 2Recommend and suggestion

Thank you for taking the time to answile question.
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APPENDIX D
THE QUESTIONNAIRE OF LOCATION FOR ESTABLISHING
DRUG DISTRIBUTION CENTER (THAI).
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APPENDIX E
THE INFORMATION OF EXPERTS

Table E.1 The list of experts

No. Organization Position Experience

1. DKSH (Thailand) Co., Ltd. Business Process 12 years

Reengineering Manager

2. National Healthcare Syster@s., Logistic Manager Over 5 years
Ltd.(N Health)
3. Boonthavorn Ceramics Co., Ltd. Manager 18 years
4. Thai Pharmaceutical President 5 years
Manufacturers Association
5. DKSH (Thailand) Co., Ltd. Senior Logistics-Medical Over 13
Device Distribution Center years
6. Thai Logistics And Production Consultant Over 20
Society years
7. Siriraj Hospital Head of Drug and Medical 10 years
Supplies Information
Management
8. Bangkok Metropolitan Experienced Level 4 years
Administration
9. Bangkok Metropolitan Experienced Level 3 years

Administration
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APPENDIX F
THE EVALUATION OF LOCATION FROM EXPERTS’ OPINION

TABLE F.1 Aggregate fuzzy weights for criteria

Criteria Experts
D1 D2 D3 D4
1.National
environmentandits | M (3 5 7{M|3 5 7| H|5 7 9 M |3 57
impact
2.Accessibility VH{ 79 9/ H |5 7 9| VH|7 9 9|VH |7 9 9
3.Labor M|35 7/ H|5 7 9/ L|1 3 5VH|7 9 9

4.Connectivity to
_ VH|7 9 9\M |3 5 7|VH|7 9 9|VH |7 9 9
multimodal transport

5.Government and

regulations

6.Demand M| 35 7(VH|7 9 9 H|5 7 9H |57 9
7.Infrastructure H| 57 9\M |3 5 7| H|5 7 9 579
8.Security M35 7/ H|5 7 9Q H|5 7 9H |57 9

9.Information

technology
10.Flooded

H |57 9 H|5 7 9/ VH7 9 9/VH|7 9 9
management
11.Topography H 57 9/ M |3 5 7|VH|7 9 9|VH |7 9 9
12.Country planning H 57 9/M |3 5 7|VH|7 9 9/ VH |7 9 9
13.Cost VH 79 9/VH|7 9 9| H|5 7 9VH |7 9 9
14.Competition M| 35 7/H |5 7 9 3 5 7H15709
15.Density of traffic H| 57 9\ H|5 7 9 M| 3 5 7/ H |57 9
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TABLE F.1 Aggregate fuzzy weights for criteria (cor.)

Experts

Criteria
D5 D6 D7 D8

1.National

environmentandits | \ |3 5 7|H |5 7 9|VH|[7 9 9/ L |1 35
impact

2.Accessibility VH |7 9 9(VH|7 9 9|VH|7 9 9/ H |57 9

3.Labor VH|[7 9 9/H|5 7 9| L|1 3 5M (357
4.Connectivity to

multimodal transport

5.Government and

regulations

6.Demand H |57 9|VH|7 9 9/ M|3 5 7/ H |57 9
7.Infrastructure M |35 7|VH|7 9 9| H|5 7 9 H |57 9
8.Security M |35 7|H|5 7 9 M|3 5 7L 135

9.Information

technology

10.Flooded

management H |57 9|VH|[7 9 9| H|5 7 9 H |57 9
11.Topography M |35 7|VH|7 9 9| H|5 7 9 H |57 9
12.Country planning| v |13 5 7|VH|7 9 9| L|1 3 5 M [3 5 7
13.Cost VH|7 9 9|VH|7 9 9| M|3 5 7/ M |3 5 7
14.Competition 357|/H|5 7 9/ L|1350L]|135
15.Density of traffic | 4 |5 7 9|VH|7 9 9| M|3 5 7|VH|[7 9 9
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TABLE F.1 Aggregate fuzzy weights for criteria (cor.)

o Experts
Criteria Aggregate fuzzy weights
D9

1.National

environmentandits | 4 |5 7 9 1 5.89 9

impact
2.Accessibility M |3 5 7 3 8.11 9
3.Labor H |57 9| 1 6.11 9

4.Connectivity to

multimodal transport H |5 79 3 7.44 9

5.Government and
M |3 57 3 6.56 9

regulations
6.Demand M [35 7| 3 6.78 9
7.Infrastructure H |5 7 9 3 6.78 9
8.Security M |35 7| 1 5.67 9
9.Information

H |57 9 1 7 9
technology
10.Flooded

H |5 7 9 5 7.67 9
management
11.Topography H |57 9| 3 7.22 9
12.Country planning| H 5 7 9 1 6.56 9
13.Cost M |3 5 7 3 7.44 9
14.Competition M |3 5 7 1 5.22 9
15.Density of traffic | 4 |5 7 9 3 7 9
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TABLE F.2 National environment and its impact criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon FI 3 5 7| LatPhrao - 3 5 |7
Bang Kapi Pl 1 3 5 MinBuri H 3 5 7
Bang Khae FIl 3 5 7 Nong Chok G 5 7 |9
Bang Khen Pl 1 3 5 NongKhaem F 3 5 |7
Bang KhoLaem F| 3 5 7 Pathum Wan F 3 5 |7
Bang Khun Thian FI 3 5 7 PhasiCharoen G 5 719
Bang Na FI 3 5 7| Phaya Thai F 3 5 |7
Bang Phlat FI 3 5 7 PhraKhanong G
Bang Rak G| 5 7 9 PhraNakhon G
Bang Sue F| 3 5 7 PomPrapSattruPhai |G 5 7| 9
Bangkok Noi F| 3 5 7| Prawet F 3 5 7
Bangkok Yai G| 5 7 9| RatBurana F 3 5 |7
BuengKum F| 3 5 7| Ratchathewi P 1 3 |5
Chatuchak Pl 1 3 § SaiMai - 3 5 |7
Chom Thong FI 3 5 7 Samphanthawong G 5 719
Din Daeng F| 3 5 7| Saphan Sung G 5 7 |9
Don Mueang Fl 3 5 7 Sathon F 3 5 |7
Dusit G| 5 7 9| SuanlLuang G 5 7 9
Huai Khwang FI| 3 5 7| Taling Chan F 3 5 |7
Khan Na Yao FI 3 5 7 Thawi Watthana F 3 5 |7
Khlong Sam Wa Fl 3 5 7 Thon Buri F 3 5 |7
Khlong San FI 3 5 7 Thung Khru - 3 5 |7
Khlong Toel P| 1 3 54 Wang Thonglang F 3 5 |7
Lak Si F| 3 5 7| Watthana P 1 3 p
LatKrabang FI 3 5 7| Yan Nawa P 1 3 |5
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TABLE F.3 Accessibility criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon v 1 1 LatPhrao vVP1 1 3
Bang Kapi Pl 1 3 5 MinBuri B 1 3 5
Bang Khae VR1 1 Nong Chok VP1 1 3
Bang Khen VR1 1 Nong Khaem viP1 1 3
Bang KhoLaem Pl 1 3 5 PathumWan v@ 9 9
Bang Khun Thian VRP1 1 Phasi Charoen VP1 1 3
Bang Na VR 1 1 Phaya Thai P 1 3 b
Bang Phlat Pl 1 3 §5 PhraKhanong v 1 3
Bang Rak VG 7 9 9 |PhraNakhon P 1 3 b
Bang Sue F| 3 5 7 PomPrapSattruPhai | P 1 3
Bangkok Noi P| 1 3 5 Prawet VP1 1 3
Bangkok Yai P| 1 3 5 RatBurana YyvA 1 3
BuengKum P| 1 3 5 Ratchathewi V@ 9 9
Chatuchak FI 3 5 7 SaiMai VPL 1 3
Chom Thong Pl 1 3 § Samphanthawong P 1 3
Din Daeng Pl 1 3 5 Saphan Sung Ve 1 3
Don Mueang VR1 1 Sathon H 3 5 7
Dusit VP 1 1 Suan Luang VP1 1
Huai Khwang FI| 3 5 7| Taling Chan VP1
Khan Na Yao VR1 1 Thawi Watthana VPl 1
Khlong Sam Wa VR1 1 Thon Buri Pl 1 3 5
Khlong San FI 3 5 7 Thung Khru VPL 1
Khlong Toel G 7 9| Wang Thonglang
Lak Si VP| 1 1 Watthana vVG7 9
LatKrabang VP 1 1 Yan Nawa PP 1 3 5
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Alternatives Weight Alternatives Weight
Bang Bon FI 3 5 7| LatPhrao G 5 7 |9
Bang Kapi 5 7 9| MinBuri G 9
Bang Khae VG 7 Nong Chok G 7 9
Bang Khen VG 7 Nong Khaem G 7 9
Bang KhoLaem F| 3 5 7 Pathum Wan P 1 3|5
Bang Khun Thian VG 7 9 9 |PhasiCharoen G¢G 5 7 9
Bang Na FI 3 5 7| Phaya Thai P 1 3 |5
Bang Phlat FI 3 5 7 PhraKhanong F 3 5 |7
Bang Rak Pl 1 3 5 PhraNakhon P 1 3 |5
Bang Sue G| 5 7 9 PomPrap Sattru Phai | P
Bangkok Noi G| 5 7 9| Prawet G 5 7 P
Bangkok Yai P| 1 3 5 RatBurana F 3
BuengKum G| 5 7 9 Ratchathewi P 5
Chatuchak VG7 9 9 |SaiMai vG7 9 9
Chom Thong 7 9 Samphanthawong vP 1 3
Din Daeng G 7 9@ Saphan Sung F 3 5 |7
Don Mueang VG 7 9 9 |Sathon F 3 5 1
Dusit F| 3 5 7| SuanlLuang F 5 |7
Huai Khwang 3 5 Taling Chan F 5 |7
Khan Na Yao 3 5 7 Thawi Watthana P 3 |5
Khlong Sam Wa VG7 9 9 |Thon Buri Gl 5 7 9
Khlong San 1 3 5 ThungKhru F 3 5 |7
Khlong Toel 3 5 7| Wang Thonglang 3 7
Lak Si 3 5 7| Watthana F 3 5 [
LatKrabang VG 7 9 9 |YanNawa FF 3 5 1
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alternatives

Alternatives Weight Alternatives Weight
Bang Bon Pl 1 3 5 LatPhrao P
Bang Kapi Pl 1 3 5 MinBuri vP1l 1 3
Bang Khae VR 1 1 3 |NongChok VP1 1 3
Bang Khen F| 3 5 7/ Nong Khaem VAL 1 3
Bang KhoLaem VR 1 1 3 |Pathum Wan G
Bang Khun Thian Pl 1 3 5 PhasiCharoen VP 1 3
Bang Na FI 3 5 7| Phaya Thai G
Bang Phlat VR 1 1 3 |PhraKhanong R
Bang Rak FI 3 5 7 PhraNakhon VA 1 3
Bang Sue VR1 1 3 |PomPrapSattruPhai VA 1 3
Bangkok Noi P| 1 3 5 Prawet VP1 1 3
Bangkok Yai VP 1 1 Rat Burana vP1 1 3
BuengKum VA 1 Ratchathewi G
Chatuchak VG 7 Sai Mai VR1 1
Chom Thong Pl 1 3 § Samphanthawong VP 1
Din Daeng VP 1 1 3 |Saphan Sung VP11 1
Don Mueang Gl 5 7 9 Sathon F
Dusit P| 1 3 5| SuanLuang VGr 9 9
Huai Khwang G| 5 9| Taling Chan P
Khan Na Yao VR1 1 Thawi Watthana R
Khlong Sam Wa VRP1 1 Thon Buri Pl 1
Khlong San VR1 1 Thung Khru vVR1 1 3
Khlong Toel F| 3 7| Wang Thonglang F
Lak Si 5| Watthana P
LatKrabang Pl 1 3 5 YanNawa F
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TABLE F.6 Government and regulations criteria weighs for alternatives

Alternatives Weight Alternatives Weight
Bang Bon G| 5 7 9| LatPhrao G 5 7 |9
Bang Kapi G| 5 7 9| MinBuri vGé7 9 9
Bang Khae Gl 5 7 9 NongChok V& 9 9
Bang Khen G| 5 7 9 NongKhaem V@ 9 9
Bang KhoLaem Pl 1 3 5 PathumWan P 1 3
Bang Khun Thian G 5 7 9 PhasiCharoen v 9 9
Bang Na G| 5 7 9 Phaya Thai P 1 5
Bang Phlat FI 3 5 7 PhraKhanong G 5
Bang Rak Pl 1 3 5 PhraNakhon P
Bang Sue F| 3 5 7 PomPrap Sattru Phai | P 3
Bangkok Noi F| 3 5 7| Prawet VG7
Bangkok Yai FI| 3 5 7| RatBurana \
BuengKum G| 5 7 9 Ratchathewi P 1 3 |5
Chatuchak F| 3 5 7 SaiMai vVG7 9 9
Chom Thong VG 7 9 9 |Samphanthawong P 1 3 |5
Din Daeng Pl 1 3 5 Saphan Sung V@ 9 9
Don Mueang Gl 5 7 9 Sathon P 3 |5
Dusit P| 1 3 5| Suan Luang G 9
Huai Khwang 1 3 5 Taling Chan 5
Khan Na Yao VG 7 Thawi Watthana G 5 D
Khlong Sam Wa VG 7 Thon Buri FI 3 5 7
Khlong San 3 5 Thung Khru 5 9
Khlong Toel 3 5 7| Wang Thonglang 5 7 1|9
Lak Si VG Watthana H 3 7
LatKrabang VG 7 Yan Nawa 5
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TABLE F.7 Demand criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon Pl 1 3 5 LatPhrao P 1 3 |5
Bang Kapi Pl 1 3 5 MinBuri vP1l 1 3
Bang Khae Pl 1 3 5 NongChok P 1 3 |5
Bang Khen VB 1 1 3 |NongKhaem H 3 5 7
Bang KhoLaem Pl 1 3 5 PathumWan P 1 3|5
Bang Khun Thian FI 3 5 7 PhasiCharoen G 5 719
Bang Na FI 3 5 7| Phaya Thai G 5 7 |9
Bang Phlat Pl 1 3 §5 PhraKhanong v 1 3
Bang Rak F| 3 5 7] PhraNakhon P 1 3 |5
Bang Sue Pl 1 3 5 PomPrap SattruPhai |[MP 1 3
Bangkok Noi F| 3 5 7| Prawet F 3 5 7
Bangkok Yai VP 1 1 3 |RatBurana F 3 5 7
BuengKum P| 1 3 5 Ratchathewi G 5 7
Chatuchak Pl 1 3 § SaiMai P 1 3 |5
Chom Thong Pl 1 3 § Samphanthawong P 1 3|5
Din Daeng VPR 1 1 3 |Saphan Sung VP1L 1
Don Mueang VR 1 1 3 |Sathon P 1 3 5
Dusit P| 1 3 5| Suan Luang P 1 3 |5
Huai Khwang VG 7 9 9 |Taling Chan vVP1 1 3
Khan Na Yao Pl 1 3 5 Thawi Watthana v 1 3
Khlong Sam Wa VR 1 1 3 |Thon Buri FI 3 5 7
Khlong San Pl 1 3 5 ThungKhru VPL 1
Khlong Toel P| 1 3 54 Wang Thonglang R 1
Lak Si Pl 1 3 5| Watthana G 5 7 P9
LatKrabang Pl 1 3 5 YanNawa VPL 1 3
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TABLE F.8 Infrastructure criteria weights for alter natives

Alternatives Weight Alternatives Weight
Bang Bon FI 3 5 7| LatPhrao G 5 7 |9
Bang Kapi G| 5 7 9| MinBuri F 3 5 T
Bang Khae Gl 5 7 9 NongChok F
Bang Khen G| 5 7 9 NongKhaem F 7
Bang KhoLaem G| 5 7 9 PathumWan V@ 9 9
Bang Khun Thian FI 3 5 7 PhasiCharoen G 5 719
Bang Na G| 5 7 9 Phaya Thai Vv&@ 9 9
Bang Phlat Gl 5 7 9 PhraKhanong G 5 7|9
Bang Rak VG 9 9 | Phra Nakhon VG7
Bang Sue VG 9 9 | Pom Prap Sattru Phai \
Bangkok Noi VG 9 9 |Prawet Ff 3 5 1
Bangkok Yai VG 7 9 9 |RatBurana R 5 7
BuengKum G| 5 7 9 Ratchathewi V& 9 9
Chatuchak G 7 9 SaiMai F 3 5 [7
Chom Thong G 9 Samphanthawong Vv 9 9
Din Daeng VG 7 9 9 |Saphan Sung F 3 5 |7
Don Mueang Gl 5 7 9 Sathon V& 9 9
Dusit VG Suan Luang FE 3 5 ¥
Huai Khwang VG 7 Taling Chan F 3 5 7T
Khan Na Yao 3 5 7 Thawi Watthana F 3 5 |7
Khlong Sam Wa 3 5 7 Thon Buri vVGr 9 9
Khlong San 3 5 7 Thung Khru = 5 |7
Khlong Toel VG| 7 Wang Thonglang G 5 7 9
Lak Si VG Watthana VG 7
LatKrabang G| 5 7 9 YanNawa G/
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TABLE F.9 Security criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon G| 5 7 9| LatPhrao P 1 3 |5
Bang Kapi Pl 1 3 5 MinBuri G 5 7 9
Bang Khae Gl 5 7 9 NongChok G 5 7 |9
Bang Khen Pl 1 3 5 NongKhaem G 5 7 |9
Bang KhoLaem F| 3 5 7 Pathum Wan F 3 5 |7
Bang Khun Thian G 5 7 9 PhasiCharoen G 5 719
Bang Na FI 3 5 7| Phaya Thai F 3 5 |7
Bang Phlat Gl 5 7 9 PhraKhanong F 3
Bang Rak F| 3 5 7] PhraNakhon F 3 5
Bang Sue Pl 1 3 5 PomPrapSattruPhai | F 3 5| 7
Bangkok Noi G| 5 7 9| Prawet P 1 3 5
Bangkok Yai G| 5 7 9| RatBurana P 1 3 |5
BuengKum P| 1 3 5 Ratchathewi F 3 5 |7
Chatuchak Pl 1 3 § SaiMai P 1 3 |5
Chom Thong Pl 1 3 § Samphanthawong F 3 5|7
Din Daeng F| 3 5 7| Saphan Sung P 1 3|5
Don Mueang Pl 1 3 § Sathon F 3 5 |7
Dusit F| 3 5 7| SuanlLuang P 1 3 5
Huai Khwang FI| 3 5 7| Taling Chan G 5 7 |9
Khan Na Yao Pl 1 3 5 Thawi Watthana G 5 7 1|9
Khlong Sam Wa G 5 7 9 ThonBuri P 1 3 |5
Khlong San Pl 1 3 5 ThungKhru P 1 3 |5
Khlong Toel F| 3 5 7| Wang Thonglang P 1 3 |5
Lak Si Pl 1 3 5| Watthana F 3 5 [
LatKrabang G| 5 7 9 YanNawa - 3 5 |7
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TABLE F.10 Information technology criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon FI 3 5 7| LatPhrao - 3 5 |7
Bang Kapi FI 3 5 7| MinBuri P 1 3 5
Bang Khae FIl 3 5 7 NongChok F 3 5
Bang Khen F| 3 5 7/ NongKhaem F 3 5 |7
Bang KhoLaem F| 3 5 7 Pathum Wan F 3 5 |7
Bang Khun Thian Pl 1 3 5 PhasiCharoen G 5 719
Bang Na FI 3 5 7| Phaya Thai F 3 5 |7
Bang Phlat FI 3 5 7 PhraKhanong F 7
Bang Rak G| 5 7 9 PhraNakhon G
Bang Sue F| 3 5 7 PomPrapSattruPhai |G 5 7| 9
Bangkok Noi G| 5 7 9| Prawet F 3 5 7
Bangkok Yai F| 3 5 7| RatBurana F 3 5 |7
BuengKum F| 3 5 7| Ratchathewi F 3 5 |7
Chatuchak G| 5 7 9 SaiMai F 3 5 [7
Chom Thong FI 3 5 7 Samphanthawong F 3 5|7
Din Daeng F| 3 5 7| Saphan Sung F 3 5 |7
Don Mueang Fl 3 5 7 Sathon F 3 5 |7
Dusit G| 5 7 9| SuanlLuang F 3 5 |7
Huai Khwang FI| 3 5 7| Taling Chan G 5 7 |9
Khan Na Yao FI 3 5 7 Thawi Watthana F 3 5 |7
Khlong Sam Wa Fl 3 5 7 Thon Buri G 5 7 |9
Khlong San FI 3 5 7 Thung Khru - 3 5 |7
Khlong Toel F| 3 5 7| Wang Thonglang F 3 5 |7
Lak Si F| 3 5 7| Watthana F 3 5 [
LatKrabang G| 5 7 9 YanNawa - 3 5 |7
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TABLE F.11 Flooded management criteria weights foalternatives

Alternatives Weight Alternatives Weight
Bang Bon VR 1 1 3 |LatPhrao vVP1 1 3
Bang Kapi 1 3 5 MinBuri vP1l 1 3
Bang Khae 5 Nong Chok YA 1 3
Bang Khen F| 3 5 7/ NongKhaem P 1
Bang KhoLaem VR 1 1 3 |PathumWan P 1
Bang Khun Thian Pl 1 3 5 PhasiCharoen VP 1 3
Bang Na FI 3 5 7| Phaya Thai F 3
Bang Phlat VR1 1 Phra Khanong R
Bang Rak VR1 1 Phra Nakhon VPl 1
Bang Sue Pl 1 3 5 PomPrap Sattru Phai |MP 1
Bangkok Noi VP 1 1 Prawet Ff 3 5 1
Bangkok Yai VP 1 1 Rat Burana vP1 1 3
BuengKum 1 3 5 Ratchathewi P 1
Chatuchak 1 3 § SaiMai P 1
Chom Thong Pl 1 3 § Samphanthawong VP 1 3
Din Daeng Pl 1 3 5 Saphan Sung Ve 1 3
Don Mueang VR 1 1 3 |Sathon P 1 3 5
Dusit F| 3 5 7| SuanlLuang VP1 1 3
Huai Khwang 3 5 7| Taling Chan P 1
Khan Na Yao Pl 1 3 5 Thawi Watthana v 1 3
Khlong Sam Wa Pl 1 3 5 ThonBuri VP 1 3
Khlong San VR 1 1 3 |ThungKhru Pl 1 3 §
Khlong Toel G| 5 7 9| Wang Thonglang R 1 3
Lak Si VP| 1 1 Watthana R 1 3 5
LatKrabang VB1 1 Yan Nawa VP1 1 3
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TABLE F.12 Topography criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon FI 3 5 7| LatPhrao F 3 5
Bang Kapi VPf1 1 3 |MinBuri 1 3 5
Bang Khae Pl 1 3 5 NongChok P 1 3
Bang Khen G| 5 7 9 NongKhaem YyvA 1 3
Bang KhoLaem VG 7 9 9 |Pathum Wan P 1
Bang Khun Thian FI 3 5 7 PhasiCharoen P 1 3
Bang Na VP 1 3 | Phaya Thai VvG7 9 9
Bang Phlat VH 1 3 | Phra Khanong VP1L 1 3
Bang Rak VG 9 9 | Phra Nakhon vPl1 1 3
Bang Sue VG 9 9 |PomPrapSattruPhai P 1 3
Bangkok Noi P| 1 3 5 Prawet VP1 1 3
Bangkok Yai P| 1 3 5 RatBurana G 5
BuengKum P| 1 3 5 Ratchathewi P 3
Chatuchak Pl 1 3 § SaiMai MGr 9 9
Chom Thong Pl 1 3 § Samphanthawong P 1 3
Din Daeng F| 3 5 7| Saphan Sung P 1 3
Don Mueang Pl 1 3 § Sathon V& 9 9
Dusit P| 1 3 5| Suan Luang VPL 1 3
Huai Khwang VAR 1 1 3 |Taling Chan 1 3
Khan Na Yao FI 3 5 7 Thawi Watthana F 3 5
Khlong Sam Wa VR 1 1 3 |Thon Buri 1 3
Khlong San Pl 1 3 5 ThungKhru MGf 9 9
Khlong Toel VG Wang Thonglang G 5
Lak Si VG Watthana viPl 1 3
LatKrabang VP Yan Nawa véG7 9 9
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Alternatives Weight Alternatives Weight
Bang Bon VG 7 9 9 |LatPhrao vVP1 1 3
Bang Kapi FI 3 5 7| MinBuri P 1 3 5
Bang Khae Pl 1 Nong Chok P
Bang Khen Pl 1 5 Nong Khaem G 5
Bang KhoLaem VG 7 9 9 |Pathum Wan VvG7 9 9
Bang Khun Thian G 5 7 9 PhasiCharoen v 9 9
Bang Na VG 7 9 9 |Phaya Thai VvG7 9 9
Bang Phlat VG 7 9 9 |PhraKhanong vG7 9 9
Bang Rak VG 7 9 9 |PhraNakhon P 1 3
Bang Sue VG7 9 9 |PomPrap Sattru Phai V@ 9 9
Bangkok Noi VG 7 9 9 |Prawet PP 1 3 &
Bangkok Yai VG 7 9 9 |RatBurana vG7 9 9
BuengKum P| 1 3 5 Ratchathewi V@ 9 9
Chatuchak VG 7 Sai Mai VR1 1 3
Chom Thong VG 7 Samphanthawong vVGr 9 9
Din Daeng VG 7 Saphan Sung vVG7r 9 9
Don Mueang Pl 1 3 § Sathon V& 9 9
Dusit G| 5 7 9| SuanlLuang F 3 5
Huai Khwang VG 7 9 9 |Taling Chan vVP1 1 3
Khan Na Yao FI 3 5 7 Thawi Watthana G 5
Khlong Sam Wa 1 3 5 ThonBuri VP 1 3
Khlong San VG 7 9 9 |ThungKhru F| 3 5 7
Khlong Toel VG 7 9 9 | Wang Thonglang F 3 5
Lak Si G| 5 7 9| Watthana VG7
LatKrabang Pl 1 3 5 YanNawa v&Z 9 9
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Alternatives Weight Alternatives Weight
Bang Bon VR 1 1 3 |LatPhrao vVP1 1 3
Bang Kapi VPf1 1 3 |MinBuri VPI1 1 3
Bang Khae VR 1 1 3 |Nong Chok VP1 1 3
Bang Khen VB 1 1 3 |NongKhaem viP1 1 3
Bang KhoLaem F 5 7 Pathum Wan V@ 9 9
Bang Khun Thian VR 1 1 3 |Phasi Charoen VP1 1 3
Bang Na VPR 1 1 3 |Phaya Thai F 3 b5
Bang Phlat VR 1 1 3 |PhraKhanong VP1L 1 3
Bang Rak VG 7 9 9 |PhraNakhon F 3 5
Bang Sue P 3 5 PomPrapSattruPhai | F 3
Bangkok Noi VP 1 1 Prawet VRP1 1 3
Bangkok Yai VP 1 1 Rat Burana vP1 1 3
BuengKum VPR 1 1 Ratchathewi H 3 5
Chatuchak P 3 5 SaiMai VP1
Chom Thong VR 1 1 3 |Samphanthawong G/

Din Daeng F| 3 5 7| Saphan Sung VE

Don Mueang VR 1 1 3 |Sathon G 5 7 ¢
Dusit F| 3 5 7| SuanlLuang VP1 1 3
Huai Khwang FI| 3 5 7| Taling Chan 1

Khan Na Yao VR1 1 Thawi Watthana vPl1 1 3
Khlong Sam Wa VR1 1 Thon Buri VR1 1 3
Khlong San 3 5 Thung Khru VPL 1 3
Khlong Toel 3 5 7| Wang Thonglang VAL 1 3
Lak Si VP| 1 1 Watthana H 1
LatKrabang VP 1 1 Yan Nawa G 7
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TABLE F.15 Competition criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon VR 1 1 3 |LatPhrao vVP1 1 3
Bang Kapi VG 7 9 9 |MinBuri VPI1 1 3
Bang Khae VR 1 1 3 |Nong Chok VP1 1 3
Bang Khen VB 1 1 3 |NongKhaem viP1 1 3
Bang KhoLaem VR 1 1 3 |PathumWan R 3
Bang Khun Thian VR 1 1 3 |Phasi Charoen VP1 1 3
Bang Na Pl 1 3 5 Phaya Thai P 1 3
Bang Phlat Gl 5 7 9 PhraKhanong V@ 9 9
Bang Rak Pl 1 3 5 PhraNakhon P 1 3
Bang Sue Pl 1 3 5 PomPrapSattruPhai | P 1 3
Bangkok Noi G| 5 7 9| Prawet F 3 5
Bangkok Yai VP 1 1 Rat Burana vP1 1 3
BuengKum VPR 1 1 Ratchathewi A 3
Chatuchak G 7 9 SaiMai VP1L 1 3
Chom Thong VR 1 1 3 |Samphanthawong P 1
Din Daeng F| 3 5 7| Saphan Sung VR 1
Don Mueang VR 1 1 3 |Sathon vVP1 1 3
Dusit VP 1 1 3 |SuanLlLuang vP1 1 3
Huai Khwang VAR 1 1 3 |Taling Chan P 3
Khan Na Yao VR 1 1 3 |Thawi Watthana vPl1 1 3
Khlong Sam Wa VR 1 1 3 |Thon Buri P 3
Khlong San FI 3 5 7 Thung Khru vVP1L 1 3
Khlong Toel VG 7 9 Wang Thonglang K 5
Lak Si VP Watthana P 3
LatKrabang G| 5 7 9 YanNawa vVPL 1 3
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TABLE F.16 Density of trafic criteria weights for alternatives

Alternatives Weight Alternatives Weight
Bang Bon Pl 1 3 5 LatPhrao F 3 5
Bang Kapi G| 5 7 9| MinBuri P 1 3 5
Bang Khae Pl 1 3 5 NongChok P 1 3
Bang Khen VG 7 9 9 |NongKhaem R 1 3 §
Bang KhoLaem 1 3 5 PathumWan P 1 3
Bang Khun Thian FI 3 5 7 PhasiCharoen P 3
Bang Na FI 3 5 7| Phaya Thai V& 9
Bang Phlat 5 7 9 PhraKhanong F 3 5
Bang Rak VG 7 9 9 |PhraNakhon F 3 5
Bang Sue 1 3 5 PomPrapSattruPhai | P 1 3
Bangkok Noi P| 1 3 5 Prawet P 1 3
Bangkok Yai VP 1 1 3 |RatBurana R 1 3
BuengKum G| 5 7 9 Ratchathewi G 5 7
Chatuchak VG7 9 9 |SaiMai Pl 1 3 5
Chom Thong P 3 § Samphanthawong P 1 3
Din Daeng G 7 9@ Saphan Sung P 1 3
Don Mueang G 7 9 Sathon F
Dusit F| 3 5 7| SuanlLuang F 3
Huai Khwang FI| 3 5 7| Taling Chan VPL 1 3
Khan Na Yao G| 5 7 9 Thawi Watthana v 1 3
Khlong Sam Wa VR 1 1 3 |Thon Buri FI 3 5 7
Khlong San FI 3 5 7 Thung Khru P 3
Khlong Toel F| 3 5 7| Wang Thonglang F 3
Lak Si Pl 1 3 5| Watthana F 3 5
LatKrabang Pl 1 3 5 YanNawa v&Z 9 9
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TABLE F.17 Normalized fuzzy decision matrix for alternatives

Criteria

Normalized ratings

traffic

a jc¥
Bang Bon | Bang Kapi | Bang Khae| Bang Khen
1. National
environment 1| 9]0.330.560.780.110.330.560.330.560.780.110.330.56
and its impact
2.Accessibility | 1 | 90.110.110.330.110.330.560.110.110.330.110.110.33
3.Labor 1| 9]0.330.560.780.560.781.000.781.001.000.781.001.00
4.Connectivity
to multimodal | 1 | 9 {0.110.330.560.110.330.560.110.110.330.330.560.78
transport
5.Government
. 1] 91]0.560.781.000.560.781.000.560.781.000.560.781.00
and regulations
6.Demand 1] 91(0.110.330.560.110.330.560.110.330.560.110.110.33
7.Infrastructure| 3 | 9 [0.330.560.790.560.781.000.560.781.000.560.781.00
8.Security 9 10.560.781.000.110.330.560.560.781.000.110.330.56
9.Information
1| 9]0.330.560.780.330.560.780.330.560.780.330.560.78
technology
10.Flooded
1] 9(0.110.110.330.110.330.560.110.330.560.330.560.78
management
11.Topography| 1 | 9 |0.330.560.780.110.110.330.110.330.560.560.781.00
12.Country
. 1] 91]0.781.001.000.330.560.780.110.330.560.110.330.56
planning
13.Cost 1] 9(0.331.001.000.331.001.000.331.001.000.331.001.00
14.Competition| 1 | 9 {0.331.001.000.110.110.140.331.001.000.331.001.00
15.Density of
1] 91(0.200.331.000.110.140.200.200.331.000.110.110.14
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

o Normalized ratings
Criteria B Kh
Bang KhoLaem a?ﬁian un Bang Na Bang Phlat
1. National
environment and | o.33 0.56 0.78/0.33 0.56 0.78|0.33 0.56 0.78/0.33 0.56 0.78
its impact
2.Accessibility  10.11 0.33 0.56(0.11 0.11 0.33/0.11 0.11 0.33/0.11 0.33 0.56
3.Labor 0.330.560.78/0.78 1.00 1.00{0.33 0.56 0.78/0.33 0.56 0.78
4.Connectivity to
multimodal 0.11 0.11 0.33/0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.11 0.33
transport
5.Government an
. 0.11 0.33 0.56/0.56 0.78 1.00/0.56 0.78 1.00/0.33 0.56 0.78
regulations
6.Demand 0.11 0.33 0.56/0.33 0.56 0.78/0.33 0.56 0.78/0.11 0.33 0.56
7.Infrastructure |0.56 0.78 1.00/0.33 0.56 0.78/0.56 0.78 1.00/0.56 0.78 1.00
8.Security 0.330.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78/0.56 0.78 1.00
9.Information
0.330.560.78/0.11 0.33 0.56/0.33 0.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.11 0.33/0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.11 0.33
management
11.Topography |0.78 1.00 1.00/0.33 0.56 0.78/0.11 0.11 0.33/0.11 0.11 0.33
12.Country
. 0.78 1.00 1.00(0.56 0.78 1.00/0.78 1.00 1.00/0.78 1.00 1.00
planning
13.Cost 0.14 0.20 0.33/0.33 1.00 1.00{0.331.00 1.00/0.331.00 1.00
14.Competition |0 33 1.00 1.00/0.33 1.00 1.00/0.20 0.33 1.00/0.11 0.14 0.20
15.Density of
iraffic 0.20 0.331.00[0.14 0.20 0.33/0.14 0.20 0.33|0.11 0.14 0.20
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria
Bang Rak Bang Sue Bangkok Npi  Bangkok Y
1. National
environment and | 56 0.78 1.00{0.33 0.56 0.780.33 0.56 0.78/0.56 0.78 1.00
its impact
2.Accessibility 10,78 1.00 1.00/0.33 0.56 0.78/0.11 0.33 0.56/0.11 0.33 0.56
3.Labor 0.11 0.33 0.56/0.56 0.78 1.00/0.56 0.78 1.00/0.11 0.33 0.56
4.Connectivity to
multimodal 0.330.56 0.78/0.11 0.11 0.33/0.11 0.33 0.56(0.11 0.11 0.33
transport
5.Government an
. 0.11 0.33 0.56/0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78
regulations
6.Demand 0.330.56 0.78/0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.11 0.33
7.Infrastructure |0.78 1.00 1.00(0.78 1.00 1.00/0.78 1.00 1.00/0.78 1.00 1.00
8.Security 0.330.56 0.78/0.11 0.33 0.56/0.56 0.78 1.00/0.56 0.78 1.00
9.Information
0.56 0.78 1.00/0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78
technology
10.Flooded
0.110.11 0.33/0.11 0.33 0.56/0.11 0.11 0.33/0.11 0.11 0.33
management
11.Topography |0.78 1.00 1.00/0.78 1.00 1.00/0.11 0.33 0.56/0.11 0.33 0.56
12.Country
. 0.78 1.00 1.00/0.78 1.00 1.00/0.78 1.00 1.00/0.78 1.00 1.00
planning
13.Cost 0.11 0.11 0.14{0.20 0.33 1.00/0.33 1.00 1.00/0.33 1.00 1.00
14.Competition |p.20 0.33 1.00/0.20 0.33 1.00[0.11 0.14 0.20/0.33 1.00 1.00
15.Density of
0.11 0.11 0.14{0.20 0.33 1.00/0.20 0.33 1.00/0.33 1.00 1.00

ai
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria
BuengKum Chatuchak Chom Thong Din Daen
1.National
environment and .33 0.56 0.78/0.11 0.33 0.56|0.33 0.56 0.78/0.33 0.56 0.78
its impact
2.Accessibility 10,11 0.33 0.56/0.33 0.56 0.78/0.11 0.33 0.56/0.11 0.33 0.56
3.Labor 0.56 0.78 1.00/0.78 1.00 1.00/0.56 0.78 1.00/0.56 0.78 1.00
4.Connectivity to
multimodal 0.11 0.11 0.33/0.78 1.00 1.00/0.11 0.33 0.56(0.11 0.11 0.33
transport
5.Government an
. 0.56 0.78 1.00/0.33 0.56 0.78/0.78 1.00 1.00/0.11 0.33 0.56
regulations
6.Demand 0.11 0.330.56/0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.11 0.33
7.Infrastructure |56 0.78 1.00/0.56 0.78 1.00/0.56 0.78 1.00/0.78 1.00 1.00
8.Security 0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.33 0.56/0.33 0.56 0.78
9.Information
0.330.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.33 0.56
management
11.Topography |0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.33 0.56/0.33 0.56 0.78
12.Country
. 0.11 0.33 0.56/0.78 1.00 1.00/0.78 1.00 1.00/0.78 1.00 1.00
planning
13.Cost 0.331.00 1.00/0.20 0.33 1.00/0.33 1.00 1.00/0.14 0.20 0.33
14.Competition |33 1.00 1.00/0.11 0.14 0.20/0.33 1.00 1.00/0.14 0.20 0.33
15.Density of
0.11 0.14 0.20/0.11 0.11 0.14/0.20 0.33 1.00/0.11 0.14 0.20
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

10

traffic

Criteria
Don Mueang Dusit Huai Khwang Khan Na Y¢
1.National
environment and .33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78/0.33 0.56 0.78
its impact
2.Accessibility 10,11 0.11 0.33/0.11 0.11 0.33/0.33 0.56 0.78/0.11 0.11 0.33
3.Labor 0.78 1.00 1.00/0.33 0.56 0.78/0.11 0.33 0.56/0.33 0.56 0.78
4.Connectivity to
multimodal 0.56 0.78 1.00/0.11 0.33 0.56/0.56 0.78 1.00{0.11 0.11 0.33
transport
5.Government an
. 0.56 0.78 1.00/0.11 0.33 0.56/0.11 0.33 0.56/0.78 1.00 1.00
regulations
6.Demand 0.11 0.11 0.33/0.11 0.33 0.56/0.78 1.00 1.00/0.11 0.33 0.56
7.Infrastructure |0.56 0.78 1.00(0.78 1.00 1.00/0.78 1.00 1.00/0.33 0.56 0.78
8.Security 0.11 0.33 0.56/0.33 0.56 0.78/0.33 0.56 0.78/0.11 0.33 0.56
9.Information
0.330.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.11 0.33/0.33 0.56 0.78/0.33 0.56 0.78/0.11 0.33 0.56
management
11.Topography |0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.11 0.33/0.33 0.56 0.78
12.Country
. 0.11 0.33 0.56/0.56 0.78 1.00/0.78 1.00 1.00/0.33 0.56 0.78
planning
13.Cost 0.331.00 1.00/0.14 0.20 0.33/0.14 0.20 0.33/0.33 1.00 1.00
14.Competition |p.33 1.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00
15.Density of
0.11 0.14 0.20/0.14 0.20 0.33/0.14 0.20 0.33/0.11 0.14 0.20
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria K S
0\51\/% am Khlong San Khlong Toel Lak Si
1.National
environment and .33 0.56 0.78/0.33 0.56 0.78/0.11 0.33 0.56/0.33 0.56 0.78
its impact
2.Accessibility  10.11 0.11 0.33/0.33 0.56 0.78/0.56 0.78 1.00/0.11 0.11 0.33
3.Labor 0.78 1.00 1.00/0.11 0.33 0.56/0.33 0.56 0.78/0.33 0.56 0.78
4.Connectivity to
multimodal 0.11 0.11 0.33/0.11 0.11 0.33/0.33 0.56 0.78/0.11 0.33 0.56
transport
5.Government an
. 0.78 1.00 1.00/0.11 0.33 0.56/0.33 0.56 0.78/0.78 1.00 1.00
regulations
6.Demand 0.110.11 0.33/0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.33 0.56
7.Infrastructure |0.33 0.56 0.78/0.78 1.00 1.00/0.78 1.00 1.00/0.56 0.78 1.00
8.Security 0.56 0.78 1.00/0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.33 0.56
9.Information
0.330.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.330.56/0.11 0.11 0.33(0.56 0.78 1.00{0.11 0.11 0.33
management
11.Topography |0.11 0.11 0.33]0.11 0.33 0.56/0.78 1.00 1.00/0.78 1.00 1.00
12.Country
. 0.11 0.330.56/0.78 1.00 1.00[{0.78 1.00 1.00/0.56 0.78 1.00
planning
13.Cost 0.331.00 1.00/0.20 0.33 1.00/0.14 0.20 0.33/0.33 1.00 1.00
14.Competition |0.33 1.00 1.00/0.14 0.20 0.33/0.11 0.11 0.14/0.33 1.00 1.00
15.Density of
0.331.00 1.00/0.14 0.20 0.33(0.14 0.20 0.33/0.20 0.33 1.00
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

N

traffic

Criteria
LatKrabang LatPhrao Min Buri Nong Chok
1.National
environment and | .33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.56 0.78 1.00
its impact
2.Accessibility 10,11 0.11 0.33/0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.11 0.33
3.Labor 0.78 1.00 1.00/0.56 0.78 1.00/0.56 0.78 1.00/0.56 0.78 1.00
4.Connectivity to
multimodal 0.11 0.330.56/0.11 0.33 0.56/0.11 0.11 0.33(0.11 0.11 0.33
transport
5.Government an
. 0.78 1.00 1.00/0.56 0.78 1.00/0.78 1.00 1.00/0.78 1.00 1.00
regulations
6.Demand 0.11 0.330.56/0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.11 0.33
7.Infrastructure |0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78/0.33 0.56 0.78
8.Security 0.56 0.78 1.00/0.11 0.33 0.56/0.56 0.78 1.00/0.56 0.78 1.00
9.Information
0.56 0.78 1.00/0.33 0.56 0.78/0.11 0.33 0.56/0.33 0.56 0.78
technology
10.Flooded
0.110.11 0.33/0.11 0.11 0.33/0.11 0.11 0.33/0.11 0.11 0.33
management
11.Topography |0.11 0.11 0.33]0.33 0.56 0.78/0.11 0.33 0.56/0.11 0.33 0.56
12.Country
. 0.11 0.330.56/0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.33 0.56
planning
13.Cost 0.331.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00
14.Competition |p.11 0.14 0.20/0.33 1.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00
15.Density of
0.20 0.33 1.00/0.14 0.20 0.33/0.20 0.33 1.00/0.20 0.33 1.00
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria
Nong Khaem| Pathum Wan Phasi Charpehaya Thai
1.National
environment and | .33 0.56 0.78/0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78
its impact
2.Accessibility 10,11 0.11 0.33/0.78 1.00 1.00{0.11 0.11 0.33/0.11 0.33 0.56
3.Labor 0.56 0.78 1.00/0.11 0.33 0.56/0.56 0.78 1.00/0.11 0.33 0.56
4.Connectivity to
multimodal 0.11 0.11 0.33/0.56 0.78 1.00/0.11 0.11 0.33(0.56 0.78 1.00
transport
5.Government an
. 0.78 1.00 1.00/0.11 0.33 0.56/0.78 1.00 1.00/0.11 0.33 0.56
regulations
6.Demand 0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.33 0.56/0.56 0.78 1.00
7.Infrastructure |0.33 0.56 0.78/0.78 1.00 1.00/0.56 0.78 1.00/0.78 1.00 1.00
8.Security 0.56 0.78 1.00/0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78
9.Information
0.330.56 0.78/0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78
technology
10.Flooded
0.11 0.330.56/0.11 0.33 0.56/0.11 0.11 0.33/0.33 0.56 0.78
management
11.Topography |0.11 0.11 0.33]0.11 0.33 0.56/0.11 0.33 0.56/0.78 1.00 1.00
12.Country
. 0.56 0.78 1.00/0.78 1.00 1.00/0.78 1.00 1.00/0.78 1.00 1.00
planning
13.Cost 0.331.00 1.00/0.11 0.11 0.14/0.33 1.00 1.00/0.14 0.20 0.33
14.Competition |p.33 1.00 1.00/0.20 0.33 1.00/0.33 1.00 1.00/0.20 0.33 1.00
15.Density of
0.20 0.33 1.00/0.20 0.33 1.00/0.20 0.33 1.00/0.11 0.11 0.14
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria Bom Prap
Phra Khanong Phra Nakhon Sattru Phai Prawet
1.National
environment and | .56 0.78 1.00/0.56 0.78 1.00/0.56 0.78 1.00/0.33 0.56 0.78
its impact
2.Accessibility  10.11 0.11 0.33(0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.11 0.33
3.Labor 0.330.56 0.78/0.11 0.33 0.56/0.11 0.33 0.56/0.56 0.78 1.00
4.Connectivity to
multimodal 0.330.56 0.78/0.11 0.11 0.33/0.11 0.11 0.33(0.11 0.11 0.33
transport
5.Government an
. 0.56 0.78 1.00/0.11 0.33 0.56/0.11 0.33 0.56/{0.78 1.00 1.00
regulations
6.Demand 0.110.11 0.33/0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.11 0.33
7.Infrastructure |0.56 0.78 1.00(0.78 1.00 1.00/0.78 1.00 1.00/0.33 0.56 0.78
8.Security 0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.11 0.33 0.56
9.Information
0.330.56 0.78/0.56 0.78 1.00/0.56 0.78 1.00/0.33 0.56 0.78
technology
10.Flooded
0.11 0.330.56/0.11 0.11 0.33(0.11 0.11 0.33/0.33 0.56 0.78
management
11.Topography |0.11 0.11 0.330.11 0.11 0.33/0.11 0.33 0.56/0.11 0.11 0.33
12.Country
. 0.78 1.00 1.00/0.11 0.33 0.56/0.78 1.00 1.00{0.11 0.33 0.56
planning
13.Cost 0.331.00 1.00/0.14 0.20 0.33/0.14 0.20 0.33/0.33 1.00 1.00
14.Competition |p.11 0.11 0.14]0.20 0.33 1.00/0.20 0.33 1.00/0.14 0.20 0.33
15.Density of
0.14 0.20 0.33/0.14 0.20 0.33(0.20 0.33 1.00/0.20 0.33 1.00
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

Criteria
Rat Burana Ratchathew Sai Mai | Samphanthawon
1.National
environment and 9.33 0.56 0.78/0.11 0.33 0.56/0.33 0.56 0.78| 0.56 0.78 1.00
its impact
2.Accessibility |0.11 0.11 0.33/0.78 1.00 1.00/0.11 0.11 0.33/ 0.11 0.33 0.56
3.Labor 0.33 0.56 0.78/0.11 0.33 0.56/0.78 1.00 1.00/ 0.11 0.11 0.33
4.Connectivity to
multimodal 0.11 0.11 0.33/0.56 0.78 1.00/0.11 0.11 0.33(0.11 0.11 0.33
transport
5.Government
. 0.78 1.00 1.00/0.11 0.33 0.56/0.78 1.00 1.00/ 0.11 0.33 0.56
and regulations
6.Demand 0.33 0.56 0.78/0.78 1.00 1.00/0.11 0.33 0.56/ 0.11 0.33 0.56
7.Infrastructure |p.33 0.56 0.78/0.78 1.00 1.00/0.33 0.56 0.78/ 0.78 1.00 1.00
8.Security 0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.33 0.56/ 0.33 0.56 0.78
9.Information
0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/ 0.33 0.56 0.78
technology
10.Flooded
0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.33 0.56/ 0.11 0.11 0.33
management
11.Topography |0.56 0.78 1.00{0.11 0.33 0.56/0.78 1.00 1.00/ 0.11 0.33 0.56
12.Country
. 0.78 1.00 1.00/0.78 1.00 1.00/0.11 0.11 0.33/0.78 1.00 1.00
planning
13.Cost 0.33 1.00 1.00/0.14 0.20 0.33/0.33 1.00 1.00/ 0.11 0.11 0.14
14.Competition | 33 1.00 1.00|{0.20 0.33 1.00/0.33 1.00 1.00/ 0.20 0.33 1.00
15.Density of
0.20 0.33 1.00/0.11 0.14 0.20/0.20 0.33 1.00/ 0.20 0.33 1.00

traffic
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

Normalized ratings

traffic

Criteria
Saphan Sung  gathon Suan Luang  Taling Cha
1.National
environment and | 56 0.78 1.00/0.33 0.56 0.78/0.56 0.78 1.00/0.33 0.56 0.78
its impact
2.Accessibility 10,11 0.11 0.33(0.33 0.56 0.78/0.11 0.11 0.33/0.11 0.11 0.33
3.Labor 0.330.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78
4.Connectivity to
multimodal 0.11 0.11 0.33/0.33 0.56 0.78/0.78 1.00 1.00/0.11 0.33 0.56
transport
5.Government an
. 0.78 1.00 1.00/0.11 0.33 0.56/0.56 0.78 1.00/0.56 0.78 1.00
regulations
6.Demand 0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.33 0.56/0.11 0.11 0.33
7.Infrastructure |0.33 0.56 0.78/0.78 1.00 1.00/0.33 0.56 0.78/0.33 0.56 0.78
8.Security 0.11 0.33 0.56/0.33 0.56 0.78/0.11 0.33 0.56/0.56 0.78 1.00
9.Information
0.330.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.56 0.78 1.00
technology
10.Flooded
0.11 0.11 0.33/0.11 0.33 0.56/0.11 0.11 0.33/0.11 0.33 0.56
management
11.Topography |0.11 0.33 0.56/0.78 1.00 1.00[0.11 0.11 0.33/0.11 0.33 0.56
12.Country
. 0.78 1.00 1.00/0.78 1.00 1.00{0.330.56 0.78/0.11 0.11 0.33
planning
13.Cost 0.331.001.00/0.11 0.14 0.20{0.33 1.00 1.00/0.20 0.33 1.00
14.Competition |p.33 1.00 1.00/0.33 1.00 1.00/0.33 1.00 1.00/0.20 0.33 1.00
15.Density of
0.20 0.331.00/0.14 0.20 0.33/0.14 0.20 0.33/0.33 1.00 1.00
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

o Normalized ratings
Criteria Thawi Wang
Watthana Thon Buri Thung Khru Thonglang
1.National
environment and | .33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78/0.33 0.56 0.78
its impact
2.Accessibility 0,11 0.11 0.33/0.11 0.33 0.56/0.11 0.11 0.330.11 0.11 0.33
3.Labor 0.11 0.33 0.56/0.56 0.78 1.00{0.33 0.56 0.78/0.33 0.56 0.78
4.Connectivity to
multimodal 0.11 0.33 0.56/0.11 0.33 0.56(0.11 0.11 0.33/0.33 0.56 0.78
transport
5.Government an
) 0.56 0.78 1.00{0.33 0.56 0.78/0.56 0.78 1.00,0.56 0.78 1.00
regulations
6.Demand 0.11 0.11 0.33/0.330.56 0.78/0.11 0.11 0.33/0.11 0.11 0.33
7.Infrastructure |0.33 0.56 0.78/0.78 1.00 1.00/0.33 0.56 0.78/0.56 0.78 1.00
8.Security 0.56 0.78 1.00{0.11 0.33 0.56(0.11 0.33 0.56/0.11 0.33 0.56
9.Information
0.330.56 0.78/0.56 0.78 1.00{0.33 0.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.11 0.33{0.11 0.11 0.33(0.11 0.33 0.56/0.11 0.11 0.33
management
11.Topography |0.33 0.56 0.78/0.11 0.33 0.56/0.78 1.00 1.00/0.56 0.78 1.00
12.Country
) 0.56 0.78 1.00{0.11 0.11 0.33/0.33 0.56 0.78/0.33 0.56 0.78
planning
13.Cost 0.331.001.00{0.331.00 1.00{0.331.00 1.00/0.331.001.00
14.Competition |33 1.00 1.00/0.20 0.33 1.00{0.33 1.00 1.00/0.14 0.20 0.33
15.Density of
traffic 0.331.001.00{0.14 0.20 0.33(0.20 0.331.00/0.14 0.20 0.33
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TABLE F.17 Normalized fuzzy decision matrix for alternatives (cont.)

o Normalized ratings
Criteria
Watthana Yan Nawa
1.National
environment and | .11 0.33 0.56/0.11 0.33 0.56
its impact
2.Accessibility 0,78 1.00 1.00[0.11 0.33 0.56
3.Labor 0.330.56 0.78/0.33 0.56 0.78
4.Connectivity to
multimodal 0.11 0.33 0.56/0.33 0.56 0.78
transport
5.Government an
. 0.330.56 0.78/0.11 0.33 0.56
regulations
6.Demand 0.56 0.78 1.00/0.11 0.11 0.33
7.Infrastructure |0 78 1.00 1.00/0.78 1.00 1.00
8.Security 0.330.56 0.78/0.330.56 0.78
9.Information
0.330.56 0.78/0.33 0.56 0.78
technology
10.Flooded
0.11 0.330.56/0.11 0.11 0.33
management
11.Topography [0.11 0.11 0.33/0.78 1.00 1.00
12.Country
. 0.78 1.00 1.00/0.78 1.00 1.00
planning
13.Cost 0.14 0.20 0.33/0.11 0.14 0.20
14.Competition |0 20 0.33 1.00/0.33 1.00 1.00
15.Density of
. 0.14 0.20 0.33/0.11 0.11 0.14
traffic
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS

o Normalized alternatives
Criteria
Bang Bon Bang Kapi Bang Khase Bang Khen
1.National
environment and .33 3.27 7.00(0.11 1.96 5.00{0.33 3.27 7.00/0.11 1.96 5.00
its impact
2.Accessibility 10,33 0.90 3.00/0.33 2.70 5.000.33 0.90 3.00/0.33 0.90 3.00
3.Labor 0.33 3.40 7.00/0.56 4.75 9.00/0.78 6.11 9.00/0.78 6.11 9.00
4.Connectivity to
multimodal 0.33 2.48 5.00/0.33 2.48 5.00/0.33 0.83 3.00/1.00 4.14 7.00
transport
5.Government an
. 1.67 5.10 9.00/1.67 5.10 9.00/1.67 5.10 9.00/1.67 5.10 9.00
regulations
6.Demand 0.33 2.26 5.00/0.33 2.26 5.00/0.33 2.26 5.00/0.33 0.75 3.00
7.Infrastructure |1.003.77 7.00/1.67 5.27 9.00/1.67 5.27 9.00/1.67 5.27 9.00
8.Security 0.56 4.41 9.00/0.11 1.89 5.00/0.56 4.41 9.00/0.11 1.89 5.00
9.Information
0.333.89 7.00/0.33 3.89 7.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/0.56 2.56 5.00/0.56 2.56 5.00/1.67 4.26 7.00
management
11.Topography |1.00 4.01 7.00/0.33 0.80 3.00/0.33 2.41 5.00/1.67 5.62 9.00
12.Country
. 0.78 6.56 9.00/0.33 3.64 7.00/0.11 2.19 5.00/0.11 2.19 5.00
planning
13.Cost 1.00 7.44 9.00|1.00 7.44 9.00/1.00 7.44 9.00/1.00 7.44 9.00
14.Competition |33 5.22 9.00/0.11 0.58 1.29/0.33 5.22 9.00 0.33 5.22 9.00
15.Density of
raffic 0.60 2.33 9.00[0.33 1.00 1.80/0.60 2.33 9.00/0.33 0.78 1.29
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria Bang Khun
Bang KhoLaem Thian Bang Na Bang Phlat
1.National
environment and | .33 3.27 7.00/0.33 3.27 7.00/0.33 3.27 7.00/0.33 3.27 7.00
its impact
2.Accessibility  0.33 2.705.00[0.33 0.90 3.00{0.33 0.90 3.00/0.33 2.70 5.00
3.Labor 0.33 3.40 7.00/0.78 6.11 9.00/0.33 3.40 7.00/0.33 3.40 7.00
4.Connectivity to
multimodal 0.33 0.83 3.00/0.33 2.48 5.00/1.00 4.14 7.00/0.33 0.83 3.00
transport
5.Government an
. 0.332.195.00/1.67 5.10 9.00[1.67 5.10 9.00/1.00 3.64 7.00
regulations
6.Demand 0.332.26 5.00/1.00 3.77 7.00/1.00 3.77 7.00/0.33 2.26 5.00
7.Infrastructure |1 .67 5.27 9.00(1.00 3.77 7.00/1.67 5.27 9.00/1.67 5.27 9.00
8.Security 0.333.15 7.00/0.56 4.41 9.00(0.33 3.15 7.00/0.56 4.41 9.00
9.Information
0.333.89 7.00/0.11 2.33 5.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/0.56 2.56 5.00/1.67 4.26 7.00/0.56 0.85 3.00
management
11.Topography |2.337.22 9.00/1.00 4.01 7.00/0.33 0.80 3.00 0.33 0.80 3.00
12.Country
. 0.78 6.56 9.00/0.56 5.10 9.00[0.78 6.56 9.00/0.78 6.56 9.00
planning
13.Cost 0.43 1.49 3.00/1.00 7.44 9.00/1.00 7.44 9.00/1.00 7.44 9.00
14.Competition |p.33 5.22 9.00/0.33 5.22 9.00/0.20 1.74 9.00,0.11 0.75 1.80
15.Density of
0.60 2.339.00/0.43 1.40 3.00(0.43 1.40 3.00/0.33 1.00 1.80
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria
Bang Rak Bang Sue Bangkok Npi  Bangkok Y
1.National
environment and | 56 4.58 9.00/0.33 3.27 7.00/0.33 3.27 7.00/0.56 4.58 9.00
its impact
2.Accessibility  |2.338.11 9.00/1.00 4.51 7.00/0.33 2.70 5.00/0.33 2.70 5.00
3.Labor 0.11 2.04 5.00/0.56 4.75 9.00/0.56 4.75 9.00/0.11 2.04 5.00
4.Connectivity to
multimodal 1.00 4.14 7.00/0.33 0.83 3.000.33 2.48 5.00,0.33 0.83 3.00
transport
5.Government an
. 0.332.195.00/1.00 3.64 7.00[1.00 3.64 7.00/1.00 3.64 7.00
regulations
6.Demand 1.00 3.77 7.00(0.33 2.26 5.00/1.00 3.77 7.00/0.33 0.75 3.00
7.Infrastructure |2 33 6.78 9.00/2.33 6.78 9.00|2.33 6.78 9.00/2.33 6.78 9.00
8.Security 0.333.15 7.00/0.11 1.89 5.00(0.56 4.41 9.00/0.56 4.41 9.00
9.Information
0.56 5.44 9.00/0.33 3.89 7.00/0.56 5.44 9.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/0.56 2.56 5.00/0.56 0.85 3.00/0.56 0.85 3.00
management
11.Topography |2.337.22 9.00/2.33 7.22 9.00/0.33 2.41 5.00,0.33 2.41 5.00
12.Country
. 0.78 6.56 9.00/0.78 6.56 9.00/0.78 6.56 9.00/0.78 6.56 9.00
planning
13.Cost 0.330.83 1.29/0.60 2.48 9.00[1.00 7.44 9.00/1.00 7.44 9.00
14.Competition |0.20 1.74 9.00/0.20 1.74 9.00/0.11 0.75 1.80,0.33 5.22 9.00
15.Density of
0.330.78 1.29/0.60 2.33 9.00[0.60 2.33 9.00/1.00 7.00 9.00

ai
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria
BuengKum Chatuchak Chom Thong Din Daen
1.National
environment and | .33 3.27 7.00(0.11 1.96 5.00{0.33 3.27 7.00/0.33 3.27 7.00
its impact
2.Accessibility 10,33 2.705.00/1.00 4.51 7.00/0.33 2.70 5.00/0.33 2.70 5.00
3.Labor 0.56 4.75 9.00/0.78 6.11 9.00/0.56 4.75 9.00/0.56 4.75 9.00
4.Connectivity to
multimodal 0.33 0.83 3.00/2.33 7.44 9.00/0.33 2.48 5.00/0.33 0.83 3.00
transport
5.Government an
. 1.67 5.10 9.00/1.00 3.64 7.00|2.33 6.56 9.00/0.33 2.19 5.00
regulations
6.Demand 0.33 2.26 5.00/0.33 2.26 5.00/0.33 2.26 5.00/0.33 0.75 3.00
7.Infrastructure |1 67 5.27 9.00(1.67 5.27 9.00/1.67 5.27 9.00/2.33 6.78 9.00
8.Security 0.11 1.895.00/0.11 1.89 5.00/0.11 1.89 5.00/0.33 3.15 7.00
9.Information
0.333.89 7.00/0.56 5.44 9.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 2.56 5.00/0.56 2.56 5.00/0.56 2.56 5.00/0.56 2.56 5.00
management
11.Topography |0.33 2.41 5.00/0.33 2.41 5.00/0.33 2.41 5.00/1.00 4.01 7.00
12.Country
. 0.11 2.19 5.00/0.78 6.56 9.00/0.78 6.56 9.00/0.78 6.56 9.00
planning
13.Cost 1.00 7.44 9.00/0.60 2.48 9.00/1.00 7.44 9.00/0.43 1.49 3.00
14.Competition |33 5.22 9.00/0.11 0.75 1.80/0.33 5.22 9.00/0.14 1.04 3.00
15.Density of
0.331.00 1.80/0.33 0.78 1.29/0.60 2.33 9.00/0.33 1.00 1.80
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

10

traffic

o Normalized alternatives
Criteria
Don Mueang Dusit Huai Khwang Khan Na Y¢
1.National
environment and | .33 3.27 7.00/0.56 4.58 9.000.33 3.27 7.00/0.33 3.27 7.00
its impact
2.Accessibility 10,33 0.90 3.00[0.33 0.90 3.001.00 4.51 7.00/0.33 0.90 3.00
3.Labor 0.78 6.11 9.00/0.33 3.40 7.00/0.11 2.04 5.00/0.33 3.40 7.00
4.Connectivity to
multimodal 1.67 5.79 9.00/0.33 2.48 5.00/1.67 5.79 9.00,0.33 0.83 3.00
transport
5.Government an
. 1.67 5.10 9.00/0.33 2.19 5.00/0.33 2.19 5.00/2.33 6.56 9.00
regulations
6.Demand 0.330.75 3.00/0.33 2.26 5.00/2.33 6.78 9.00/0.33 2.26 5.00
7.Infrastructure |1 .67 5.27 9.00(2.33 6.78 9.00|2.33 6.78 9.00/1.00 3.77 7.00
8.Security 0.11 1.89 5.00/0.33 3.15 7.00/0.33 3.15 7.00/0.11 1.89 5.00
9.Information
0.333.89 7.00/0.56 5.44 9.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/1.67 4.26 7.00/1.67 4.26 7.00/0.56 2.56 5.00
management
11.Topography |0.33 2.41 5.00/0.33 2.41 5.00/0.33 0.80 3.00/1.00 4.01 7.00
12.Country
. 0.11 2.19 5.00/0.56 5.10 9.00/0.78 6.56 9.00/0.33 3.64 7.00
planning
13.Cost 1.00 7.44 9.00/0.43 1.49 3.00/0.43 1.49 3.00/1.00 7.44 9.00
14.Competition |0 .33 5.22 9.00/0.33 5.22 9.00/0.33 5.22 9.00/0.33 5.22 9.00
15.Density of
0.331.00 1.80/0.43 1.40 3.00/0.43 1.40 3.00/0.33 1.00 1.80
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria K S
0\51\/% am Khlong San Khlong Toel Lak Si
1.National
environment and | .33 3.27 7.00(0.33 3.27 7.00[0.11 1.96 5.00/0.33 3.27 7.00
its impact
2.Accessibility  10.330.90 3.00[1.00 4.51 7.00/1.67 6.31 9.00/0.33 0.90 3.00
3.Labor 0.78 6.11 9.00/0.11 2.04 5.00,0.33 3.40 7.00/0.33 3.40 7.00
4.Connectivity to
multimodal 0.33 0.83 3.00/0.33 0.83 3.00/1.00 4.14 7.00/0.33 2.48 5.00
transport
5.Government an
. 2.336.56 9.00[0.33 2.19 5.00/1.00 3.64 7.00/2.33 6.56 9.00
regulations
6.Demand 0.330.75 3.00/0.33 2.26 5.00/0.33 2.26 5.00/0.33 2.26 5.00
7.Infrastructure |1.00 3.77 7.00/2.33 6.78 9.00|2.33 6.78 9.00/1.67 5.27 9.00
8.Security 0.56 4.41 9.00/0.11 1.89 5.00(0.33 3.15 7.00{0.11 1.89 5.00
9.Information
0.333.89 7.00/0.33 3.89 7.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 2.56 5.00/0.56 0.85 3.00[2.78 5.96 9.00/0.56 0.85 3.00
management
11.Topography |0.33 0.80 3.00/0.33 2.41 5.002.33 7.22 9.00/2.33 7.22 9.00
12.Country
. 0.11 2.19 5.00/0.78 6.56 9.00/0.78 6.56 9.00/0.56 5.10 9.00
planning
13.Cost 1.00 7.44 9.00/0.60 2.48 9.00/0.43 1.49 3.00|1.00 7.44 9.00
14.Competition |p.335.22 9.00/0.14 1.04 3.00/0.11 0.58 1.29 0.33 5.22 9.00
15.Density of
1.00 7.00 9.00[0.43 1.40 3.00/0.43 1.40 3.00/0.60 2.33 9.00
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

N

traffic

o Normalized alternatives
Criteria
LatKrabang LatPhrao Min Buri Nong Chok
1.National
environment and | .33 3.27 7.00/0.33 3.27 7.00/0.33 3.27 7.00/0.56 4.58 9.00
its impact
2.Accessibility 10,33 0.90 3.00/0.33 0.90 3.00/0.33 2.70 5.00/0.33 0.90 3.00
3.Labor 0.78 6.11 9.00/0.56 4.75 9.00/0.56 4.75 9.00/0.56 4.75 9.00
4.Connectivity to
multimodal 0.33 2.48 5.00/0.33 2.48 5.00/0.33 0.83 3.00/0.33 0.83 3.00
transport
5.Government an
. 2.336.56 9.00/1.67 5.10 9.00|2.33 6.56 9.00/2.33 6.56 9.00
regulations
6.Demand 0.33 2.26 5.00/0.33 2.26 5.00/0.33 2.26 5.00/0.33 0.75 3.00
7.Infrastructure |1.00 3.77 7.00/1.67 5.27 9.00/1.00 3.77 7.00/1.00 3.77 7.00
8.Security 0.56 4.41 9.00/0.11 1.89 5.00/0.56 4.41 9.00/0.56 4.41 9.00
9.Information
0.56 5.44 9.00/0.33 3.89 7.00/0.11 2.33 5.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/0.56 0.85 3.00/0.56 0.85 3.00/0.56 0.85 3.00
management
11.Topography |0.33 0.80 3.00/1.00 4.01 7.00/0.33 2.41 5.00 0.33 2.41 5.00
12.Country
. 0.11 2.195.00/0.11 0.73 3.00/0.11 2.19 5.00/0.11 2.19 5.00
planning
13.Cost 1.00 7.44 9.00|1.00 7.44 9.00/1.00 7.44 9.00/1.00 7.44 9.00
14.Competition |p.11 0.75 1.80/0.33 5.22 9.00/0.33 5.22 9.00 0.33 5.22 9.00
15.Density of
0.60 2.33 9.00/0.43 1.40 3.00/0.60 2.33 9.00/0.60 2.33 9.00
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria
Nong Khaem| Pathum Wan Phasi Charpehaya Thai
1.National
environment and | .33 3.27 7.00/0.33 3.27 7.00/0.56 4.58 9.00/0.33 3.27 7.00
its impact
2.Accessibility 10,33 0.90 3.00/2.33 8.11 9.00/0.33 0.90 3.00/0.33 2.70 5.00
3.Labor 0.56 4.75 9.00/0.11 2.04 5.00/0.56 4.75 9.00/0.11 2.04 5.00
4.Connectivity to
multimodal 0.330.833.00/1.67 5.79 9.00/0.33 0.83 3.00/1.67 5.79 9.00
transport
5.Government an
. 2.33 6.56 9.00[0.33 2.19 5.00/2.33 6.56 9.00/0.33 2.19 5.00
regulations
6.Demand 0.33 2.26 5.00/1.00 3.77 7.00/0.33 2.26 5.00/1.67 5.27 9.00
7.Infrastructure |1.00 3.77 7.00/2.33 6.78 9.00/1.67 5.27 9.00/2.33 6.78 9.00
8.Security 0.56 4.41 9.00/0.33 3.15 7.00/0.56 4.41 9.00/0.33 3.15 7.00
9.Information
0.333.89 7.00/0.33 3.89 7.00/0.56 5.44 9.00/0.33 3.89 7.00
technology
10.Flooded
0.56 2.56 5.00/0.56 2.56 5.00/0.56 0.85 3.00/1.67 4.26 7.00
management
11.Topography |0.33 0.80 3.00/0.33 2.41 5.00/0.33 2.41 5.002.33 7.22 9.00
12.Country
. 0.56 5.10 9.00/0.78 6.56 9.00/0.78 6.56 9.00/0.78 6.56 9.00
planning
13.Cost 1.00 7.44 9.00/0.33 0.83 1.29/1.00 7.44 9.00/0.43 1.49 3.00
14.Competition |0 .33 5.22 9.00/0.20 1.74 9.00/0.33 5.22 9.00/0.20 1.74 9.00
15.Density of
0.60 2.33 9.00/0.60 2.33 9.00/0.60 2.33 9.00{0.33 0.78 1.29
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

o Normalized alternatives
Criteria Pom Prap
Phra Khanong Phra Nakhon Sattru Phai Prawet
1.National
environment and | 56 4.58 9.00/0.56 4.58 9.00|0.56 4.58 9.00/0.33 3.27 7.00
its impact
2.Accessibility  0.33 0.90 3.00(0.33 2.70 5.00{0.33 2.70 5.00/0.33 0.90 3.00
3.Labor 0.33 3.40 7.00/0.11 2.04 5.00/0.11 2.04 5.00/0.56 4.75 9.00
4.Connectivity to
multimodal 1.00 4.14 7.00/0.33 0.83 3.00/0.33 0.83 3.00/0.33 0.83 3.00
transport
5.Government an
. 1.67 5.10 9.00/0.33 2.19 5.00/0.33 2.19 5.00/2.33 6.56 9.00
regulations
6.Demand 0.330.75 3.00/0.33 0.75 3.00/0.33 2.26 5.00/0.33 0.75 3.00
7.Infrastructure |1 .67 5.27 9.00/2.33 6.78 9.00|2.33 6.78 9.00/1.00 3.77 7.00
8.Security 0.33 3.15 7.00/0.33 3.15 7.00/0.33 3.15 7.00/0.11 1.89 5.00
9.Information
0.333.89 7.00/0.56 5.44 9.00/0.56 5.44 9.00/0.33 3.89 7.00
technology
10.Flooded
0.56 2.56 5.00/0.56 0.85 3.00/0.56 0.85 3.00/1.67 4.26 7.00
management
11.Topography |0.33 0.80 3.00/0.33 0.80 3.00/0.33 2.41 5.00/0.33 0.80 3.00
12.Country
. 0.78 6.56 9.00/0.11 2.19 5.00/0.78 6.56 9.00/0.11 2.19 5.00
planning
13.Cost 1.00 7.44 9.00/0.43 1.49 3.00/0.43 1.49 3.001.00 7.44 9.00
14.Competition |0.11 0.58 1.29/0.20 1.74 9.00/0.20 1.74 9.00/0.14 1.04 3.00
15.Density of
raffic 0.43 1.40 3.00/0.43 1.40 3.00/0.60 2.33 9.00/0.60 2.33 9.00
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

Normalized alternatives

Criteria
Rat Burana Ratchathew Sai Mai Samphanthawong
1.National
environment and 9.33 3.27 7.00/0.11 1.96 5.00/0.33 3.27 7.00| 0.56 4.58 9.00
its impact
2.Accessibility  |0.33 0.90 3.00/2.33 8.11 9.00/0.33 0.90 3.00| 0.33 2.70 5.00
3.Labor 0.33 3.40 7.00[{0.11 2.04 5.00/0.78 6.11 9.00/ 0.11 0.68 3.00
4.Connectivity to
multimodal 0.33 0.83 3.00/1.67 5.79 9.00/0.33 0.83 3.00| 0.33 0.83 3.00
transport
5.Government
. 2.33 6.56 9.00/0.33 2.19 5.00/2.33 6.56 9.00/ 0.33 2.19 5.00
and regulations
6.Demand 1.00 3.77 7.00/2.33 6.78 9.00/0.33 2.26 5.00| 0.33 2.26 5.00
7.Infrastructure |1.00 3.77 7.00/2.33 6.78 9.00/1.00 3.77 7.00| 2.33 6.78 9.00
8.Security 0.11 1.89 5.00[{0.33 3.15 7.00/0.11 1.89 5.00| 0.33 3.15 7.00
9.Information
0.33 3.89 7.00[{0.33 3.89 7.00/0.33 3.89 7.00/ 0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00[0.56 2.56 5.00/0.56 2.56 5.00 0.56 0.85 3.00
management
11.Topography |1.67 5.62 9.00/0.33 2.41 5.00/2.33 7.22 9.00/ 0.33 2.41 5.00
12.Country
. 0.78 6.56 9.00[0.78 6.56 9.00/0.11 0.73 3.00/ 0.78 6.56 9.00
planning
13.Cost 1.00 7.44 9.00/0.43 1.49 3.00[1.00 7.44 9.00| 0.33 0.83 1.29
14.Competition |0 33 5.22 9.00{0.20 1.74 9.00/0.33 5.22 9.00, 0.20 1.74 9.00
15.Density of
0.60 2.33 9.00[{0.33 1.00 1.80/0.60 2.33 9.00/ 0.60 2.33 9.00

traffic
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria
Saphan Sung Sathon Suan Luang Taling Cha
1.National
environment and | 56 4.58 9.00/0.33 3.27 7.00/0.56 4.58 9.00/0.33 3.27 7.00
its impact
2.Accessibility 10,33 0.90 3.00/1.00 4.51 7.00/0.33 0.90 3.00/0.33 0.90 3.00
3.Labor 0.33 3.40 7.00/0.33 3.40 7.00/0.33 3.40 7.00/0.33 3.40 7.00
4.Connectivity to
multimodal 0.33 0.83 3.00/1.00 4.14 7.00/2.33 7.44 9.00/0.33 2.48 5.00
transport
5.Government an
. 2.336.56 9.00[0.33 2.19 5.00/1.67 5.10 9.00/1.67 5.10 9.00
regulations
6.Demand 0.330.75 3.00/0.33 2.26 5.00/0.33 2.26 5.00/0.33 0.75 3.00
7.Infrastructure |1.00 3.77 7.00/2.33 6.78 9.00/1.00 3.77 7.00/1.00 3.77 7.00
8.Security 0.11 1.89 5.00/0.33 3.15 7.00/0.11 1.89 5.00/0.56 4.41 9.00
9.Information
0.333.89 7.00/0.33 3.89 7.00/0.33 3.89 7.00/0.56 5.44 9.00
technology
10.Flooded
0.56 0.85 3.00/0.56 2.56 5.00/0.56 0.85 3.00/0.56 2.56 5.00
management
11.Topography |0.33 2.41 5.00/2.33 7.22 9.00/0.33 0.80 3.00 0.33 2.41 5.00
12.Country
. 0.78 6.56 9.00/0.78 6.56 9.00/0.33 3.64 7.00/0.11 0.73 3.00
planning
13.Cost 1.00 7.44 9.00/0.33 1.06 1.80|1.00 7.44 9.00/0.60 2.48 9.00
14.Competition |p.33 5.22 9.00/0.33 5.22 9.00/0.33 5.22 9.00/0.20 1.74 9.00
15.Density of
0.60 2.33 9.00/0.43 1.40 3.00/0.43 1.40 3.00/1.00 7.00 9.00
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TABLE F.18 Weighted normalized alternatives, FPIS ad FNIS (cont.)

traffic

o Normalized alternatives
Criteria Thawi Wang
Watthana Thon Buri Thung Khru Thonglang
1.National
environment and | .33 3.27 7.00/0.33 3.27 7.00/0.33 3.27 7.00/0.33 3.27 7.00
its impact
2.Accessibility  0.33 0.90 3.00(0.33 2.70 5.00{0.33 0.90 3.00/0.33 0.90 3.00
3.Labor 0.11 2.04 5.00/0.56 4.75 9.00/0.33 3.40 7.00/0.33 3.40 7.00
4.Connectivity to
multimodal 0.33 2.48 5.00/0.33 2.48 5.00/0.33 0.83 3.00/1.00 4.14 7.00
transport
5.Government an
. 1.67 5.10 9.00/1.00 3.64 7.00/1.67 5.10 9.00/1.67 5.10 9.00
regulations
6.Demand 0.330.75 3.00/1.00 3.77 7.00/0.33 0.75 3.00/0.33 0.75 3.00
7.Infrastructure |1.00 3.77 7.00/2.33 6.78 9.00/1.00 3.77 7.00/1.67 5.27 9.00
8.Security 0.56 4.41 9.00/0.11 1.89 5.00/0.11 1.89 5.00/0.11 1.89 5.00
9.Information
0.333.89 7.00/0.56 5.44 9.00/0.33 3.89 7.00/0.33 3.89 7.00
technology
10.Flooded
0.56 0.85 3.00/0.56 0.85 3.00/0.56 2.56 5.00/0.56 0.85 3.00
management
11.Topography |1.00 4.01 7.00/0.33 2.41 5.00/2.33 7.22 9.00/1.67 5.62 9.00
12.Country
. 0.56 5.10 9.00/0.11 0.73 3.00/0.33 3.64 7.00/0.33 3.64 7.00
planning
13.Cost 1.00 7.44 9.00/1.00 7.44 9.00/1.00 7.44 9.00|1.00 7.44 9.00
14.Competition |p.33 5.22 9.00/0.20 1.74 9.00/0.33 5.22 9.00/0.14 1.04 3.00
15.Density of
1.00 7.00 9.00(0.43 1.40 3.00/0.60 2.33 9.00/0.43 1.40 3.00
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TABLE F.18 Normalized fuzzy decision matrix for alternatives (cont.)

o Alternatives
Criteria FPIS (A*) | FPNS @A)
Watthana Yan Nawa
1.National
environment and|p. 11 1.96 5.000.111.965.000 9 9 9 |0.110.110.11
its impact
2.Accessibility  [2.338.119.000.332.705.000 9 9 9 [0.330.330.33
3.Labor 0.333.407.0000.333.407.000 9 9 9(0.110.110.11
4.Connectivity to
multimodal 0.332.485.0001.004.147.000 9 9 9 |0.330.330.33
transport
5.Govenment anc
. 1.00 3.64 7.00(0.332.195.000 9 9 9 |0.330.330.33
regulations
6.Demand 1.67 5.27 9.00(0.330.753.000 9 9 9 |0.330.330.33
7.Infrastructure |2 336.789.00(2.336.789.000 9 9 9 |1.001.001.00
8.Security 0.333.157.000.333.157.000 9 9 9 (0.110.110.11
9.Information
0.333.897.000.333.807.000 9 9 9 /0.110.110.11
technology
10.Flooded
0.56 2.56 5.00[0.56 0.853.000 9 9 9 |0.560.560.56
management
11.Topography [0.330.803.00/2.337.229.000 9 9 9 |0.330.330.33
12.Country
. 0.78 6.56 9.00/0.786.569.000 9 9 9 |0.110.110.11
planning
13.Cost 0.431.493.000.331.061.800 9 9 9 |0.330.330.33
14.Competition |0.201.749.00/0.335.229.000 9 9 9 |0.110.110.11
15.Density of
raffic 0.431.403.00[0.330.781.29 9 9 9 |0.330.330.33
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TABLE F.19 Distancesd,(Ai..A ) for alternatives

traffic

: Bang
Bang Bon | Bang Kapi| Bang Khae| Bang Khen
Criteria Khol.aem
WAL A )| dALA )| dAA) | dALAT) | dAs A)
1.National
environment 4.38 3.02 4.38 3.02 4.38
and its impact
2.Accessibility| 1 57 3.02 1.57 1.57 3.02
3.Labor 4.41 5.80 6.20 6.20 4.41
4.Connectivity
to multimodal 2.97 2.97 1.57 4.45 1.57
transport
5.Government
.| 576 5.76 5.76 5.76 2.90
and regulations
6.Demand 2.91 2.91 2.91 1.56 2.91
7.Infrastructure 3 g1 5.25 5.25 5.25 5.25
8.Security 5.71 3.00 5.71 3.00 4.35
9.Information
4.54 4.54 4.54 4.54 4.54
technology
10.Flooded
1.42 2.81 2.81 4.34 1.42
management
11.Topography 441 1.56 2.95 5.91 6.50
12.Country
: 6.35 4.47 3.07 3.07 6.35
planning
13.Cost 6.48 6.48 6.48 6.48 1.68
14.Competition 592 0.73 5.92 5.92 5.92
15.Density of
5.14 0.93 5.14 0.61 5.14
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Ba_T_E.Khun Bang Na | Bang Phlat Bang Rak | Bang Sue
Criteria an
dV(AG! A_) d(A7! A_) d(A8! A_) d(Ags A_) d(AlO: A_)
1.National
environment 4.38 4.38 4.38 5.75 4.38
and its impact
2.Accessibility| 1 57 1.57 3.02 6.82 4.56
3.Labor 6.20 4.41 4.41 3.03 5.80
4.Connectivity
to multimodal 2.97 4.45 1.57 4.45 1.57
transport
5.Government
.| 576 5.76 4.31 2.90 4.31
and regulations
6.Demand 4.35 4.35 2.91 4.35 2.91
7.Infrastructure 3 g1 5.25 5.25 5.75 5.75
8.Security 5.71 4.35 5.71 4.35 3.00
9.Information
3.10 4.54 4.54 5.99 4.54
technology
10.Flooded
2.81 4.34 1.42 1.42 2.81
management
11.Topography 441 1.56 1.56 6.50 6.50
12.Country
. 5.89 6.35 6.35 6.35 6.35
planning
13.Cost 6.48 6.48 6.48 0.62 5.16
14.Competition 592 5.22 1.04 5.22 5.22
15.Density of
. 1.66 1.66 0.93 0.61 5.14
traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Balr\1]gl_<ok Ba$g[<ok BuengKum | Chatuchak .ﬁ?om
Criteria ol a ong
1.National
environment 4.38 5.75 4.38 3.02 4.38
and its impact
2.Accessibility| 302 3.02 3.02 4.56 3.02
3.Labor 5.80 3.03 5.80 6.20 5.80
4.Connectivity
to multimodal 2.97 1.57 1.57 6.57 2.97
transport
5.Government
.| 431 4.31 5.76 4.31 6.27
and regulations
6.Demand 4.35 1.56 2.91 2.91 2.91
7.Infrastructure 5 75 5.75 5.25 5.25 5.25
8.Security 5.71 5.71 3.00 3.00 3.00
9.Information
5.99 4.54 4.54 5.99 4.54
technology
10.Flooded
1.42 1.42 2.81 2.81 2.81
management
11.Topography 2 95 2.95 2.95 2.95 2.95
12.Country
: 6.35 6.35 3.07 6.35 6.35
planning
13.Cost 6.48 6.48 6.48 5.16 6.48
14.Competition 1 04 5.92 5.92 1.04 5.92
15.Density of
5.14 6.32 0.93 0.61 5.14

traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Din Daeng Don Dusit Huai Khan Na
Criteria Mueang Khwang Yao
1.National
environment 4.38 4.38 5.75 4.38 4.38
and its impact
2.Accessibility| 302 1.57 1.57 4.56 1.57
3.Labor 5.80 6.20 4.41 3.03 4.41
4.Connectivity
to multimodal 1.57 5.96 2.97 5.96 1.57
transport
5.Government
.| 290 5.76 2.90 2.90 6.27
and regulations
6.Demand 1.56 1.56 2.91 6.34 2.91
7.Infrastructure 5 75 5.25 5.75 5.75 3.81
8.Security 4.35 3.00 4.35 4.35 3.00
9.Information
4.54 4.54 5.99 4.54 4.54
technology
10.Flooded
2.81 1.42 4.34 4.34 2.81
management
11.Topography 441 2.95 2.95 1.56 4.41
12.Country
: 6.35 3.07 5.89 6.35 4.47
planning
13.Cost 1.68 6.48 1.68 1.68 6.48
14.Competition 1 75 5.92 5.92 5.92 5.92
15.Density of
. 0.93 0.93 1.66 1.66 0.93
traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

traffic

Khlo\?\? Sam Khlong San|Khlong Toei| Lak Si |LatKrabang
Criteria a
1.National
environment 4.38 4.38 3.02 4.38 4.38
and its impact
2.Accessibility| 1 57 4.56 6.13 1.57 1.57
3.Labor 6.20 3.03 4.41 4.41 6.20
4.Connectivity
to multimodal 1.57 1.57 4.45 2.97 2.97
transport
5.Government
.| 6.27 2.90 4.31 6.27 6.27
and regulations
6.Demand 1.56 2.91 2.91 2.91 2.91
7.Infrastructure 3 g1 5.75 5.75 5.25 3.81
8.Security 5.71 3.00 4.35 3.00 5.71
9.Information
4.54 4.54 4.54 4.54 5.99
technology
10.Flooded
2.81 1.42 5.93 1.42 1.42
management
11.Topography 1 56 2.95 6.50 6.50 1.56
12.Country
: 3.07 6.35 6.35 5.89 3.07
planning
13.Cost 6.48 5.16 1.68 6.48 6.48
14.Competition 592 1.75 0.73 5.92 1.04
15.Density of
6.32 1.66 1.66 5.14 5.14
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

. . Nong Pathum
LatPhrao | Min Buri |Nong Chok
Criteria Khaem Wan
dV(A261 A_) dV(A271 A_) dV(A281 A_) dv(AZQa A_) dV(A301 A_)
1.National
environment 4.38 4.38 5.75 4.38 4.38
and its impact
2.Accessibility| 1 57 3.02 1.57 1.57 6.82
3.Labor 5.80 5.80 5.80 5.80 3.03
4.Connectivity
to multimodal 2.97 1.57 1.57 1.57 5.96
transport
5.Government
.| 576 6.27 6.27 6.27 2.90
and regulations
6.Demand 2.91 2.91 1.56 2.91 4.35
7.Infrastructure 5 25 3.81 3.81 3.81 5.75
8.Security 3.00 5.71 5.71 5.71 4.35
9.Information
4.54 3.10 4.54 4.54 4.54
technology
10.Flooded
1.42 1.42 1.42 2.81 2.81
management
11.Topography 441 2.95 2.95 1.56 2.95
12.Country
: 1.71 3.07 3.07 5.89 6.35
planning
13.Cost 6.48 6.48 6.48 6.48 0.62
14.Competition 592 5.92 5.92 5.92 5.22
15.Density of
, 1.66 5.14 5.14 5.14 5.14
traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Phasi Phaya Thai Phra Phra PomPrap
Criteria Charoen Khanong Nakhon | SattruPhai
dV(A3ll A_) dV(A321 A_) dV(A331 A_) dV(A34l A_) dV(A351 A_)
1.National
environment 5.75 4.38 5.75 5.75 5.75
and its impact
2.Accessibility| 1 57 3.02 1.57 3.02 3.02
3.Labor 5.80 3.03 4.41 3.03 3.03
4.Connectivity
to multimodal 1.57 5.96 4.45 1.57 1.57
transport
5.Government
.| 6.27 2.90 5.76 2.90 2.90
and regulations
6.Demand 2.91 5.81 1.56 1.56 2.91
7.Infrastructure 5 25 5.75 5.25 5.75 5.75
8.Security 5.71 4.35 4.35 4.35 4.35
9.Information
5.99 4.54 4.54 5.99 5.99
technology
10.Flooded
1.42 4.34 2.81 1.42 1.42
management
11.Topography 295 6.50 1.56 1.56 2.95
12.Country
: 6.35 6.35 6.35 3.07 6.35
planning
13.Cost 6.48 1.68 6.48 1.68 1.68
14.Competition 592 5.22 0.73 5.22 5.22
15.Density of
5.14 0.61 1.66 1.66 5.14

traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Prawet | Rat Burana|Ratchathewi| Sai Mai ?r? mphan
Criteria awong
1.National
environment 4.38 4.38 3.02 4.38 5.75
and its impact
2.Accessibility| 1 57 1.57 6.82 1.57 3.02
3.Labor 5.80 4.41 3.03 6.20 1.70
4.Connectivity
to multimodal 1.57 1.57 5.96 1.57 1.57
transport
5.Government
.| 6.27 6.27 2.90 6.27 2.90
and regulations
6.Demand 1.56 4.35 6.34 2.91 2.91
7.Infrastructure 3 g1 3.81 5.75 3.81 5.75
8.Security 3.00 3.00 4.35 3.00 4.35
9.Information
4.54 4.54 4.54 4.54 4.54
technology
10.Flooded
4.34 1.42 2.81 2.81 1.42
management
11.Topography 1 56 5.91 2.95 6.50 2.95
12.Country
: 3.07 6.35 6.35 1.71 6.35
planning
13.Cost 6.48 6.48 1.68 6.48 0.62
14.Competition 1 75 5.92 5.22 5.92 5.22
15.Density of
, 5.14 5.14 0.93 5.14 5.14
traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Saphan Taling Thawi
Sathon | Suan Luang
Criteria Sung Chan Watthana
Ov(Aar, A )| d(A2, A )| d(Ass A )| (A A )| d(Ass, A )
1.National
environment 5.75 4.38 5.75 4.38 4.38
and its impact
2.Accessibility| 1 57 4.56 1.57 1.57 1.57
3.Labor 4.41 4.41 4.41 4.41 3.03
4.Connectivity
to multimodal 1.57 4.45 6.57 2.97 2.97
transport
5.Government
.| 6.27 2.90 5.76 5.76 5.76
and regulations
6.Demand 1.56 2.91 2.91 1.56 1.56
7.Infrastructure 3 g1 5.75 3.81 3.81 3.81
8.Security 3.00 4.35 3.00 5.71 5.71
9.Information
4.54 4.54 4.54 5.99 4.54
technology
10.Flooded
1.42 2.81 1.42 2.81 1.42
management
11.Topography 295 6.50 1.56 2.95 4.41
12.Country
: 6.35 6.35 4.47 1.71 5.89
planning
13.Cost 6.48 0.95 6.48 5.16 6.48
14.Competition 592 5.92 5.92 5.22 5.92
15.Density of
5.14 1.66 1.66 6.32 6.32

traffic
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TABLE F.19 Distancesd,(Ai..A ) for alternatives (cont.)

Thon Buri TKhhung ThWar:g Watthana | Yan Nawa
Criteria fu onglang
1.National
environment 4.38 4.38 4.38 3.02 3.02
and its impact
2.Accessibility| 302 1.57 1.57 6.82 3.02
3.Labor 5.80 4.41 4.41 4.41 4.41
4.Connectivity
to multimodal 2.97 1.57 4.45 2.97 4.45
transport
5.Government
.| 431 5.76 5.76 4.31 2.90
and regulations
6.Demand 4.35 1.56 1.56 5.81 1.56
7.Infrastructure 5 75 3.81 5.25 5.75 5.75
8.Security 3.00 3.00 3.00 4.35 4.35
9.Information
5.99 4.54 4.54 4.54 4.54
technology
10.Flooded
1.42 2.81 1.42 2.81 1.42
management
11.Topography 295 6.50 5.91 1.56 6.50
12.Country
: 1.71 4.47 4.47 6.35 6.35
planning
13.Cost 6.48 6.48 6.48 1.68 0.95
14.Competition 522 5.92 1.75 5.22 5.92
15.Density of
. 1.66 5.14 1.66 1.66 0.61
traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives

traffic

: Bang
Bang Bon | Bang Kapi| Bang Khae| Bang Khen
Criteria KhoLaem
dv(A]_, A*) dv(AZ: A*) dV(A?! A*) dV(A4! A*) dV(AS! A*)
1.National
environment 6.11 6.94 6.11 6.94 6.11
and its impact
2.Accessibility 7.67 6.60 7.67 7.67 6.60
3.Labor 6.07 5.46 5.03 5.03 6.07
4.Connectivity
to multimodal 6.67 6.67 7.70 5.53 7.70
transport
5.Government
.| 480 4.80 4.80 4.80 6.77
and regulations
6.Demand 6.75 6.75 6.75 7.73 6.75
7.Infrastructure 5 64 4.75 4.75 4.75 4.75
8.Security 5.55 6.97 5.55 6.97 6.15
9.Information
5.92 5.92 5.92 5.92 5.92
technology
10.Flooded
7.61 6.55 6.55 5.17 7.61
management
11.Topography 556 7.71 6.70 4.66 3.98
12.Country
. 4.95 5.99 6.87 6.87 4.95
planning
13.Cost 4.71 4.71 4.71 4.71 7.44
14.Competition 546 8.35 5.46 5.46 5.46
15.Density of
6.19 7.98 6.19 8.21 6.19
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Ba_T_E.Khun Bang Na | Bang Phlat Bang Rak | Bang Sue
Criteria an
M(As, A%) | dA7, A*) | dfPe, A*) | dAg, A*) | dAso A%)
1.National
environment 6.11 6.11 6.11 5.50 6.11
and its impact
2.Accessibility| 767 7.67 6.60 3.88 5.42
3.Labor 5.03 6.07 6.07 6.92 5.46
4.Connectivity
to multimodal 6.67 5.53 7.70 5.53 7.70
transport
5.Government
.| 4.80 4.80 5.68 6.77 5.68
and regulations
6.Demand 5.64 5.64 6.75 5.64 6.75
7.Infrastructure 5 g4 4.75 4.75 4.06 4.06
8.Security 5.55 6.15 5.55 6.15 6.97
9.Information
6.82 5.92 5.92 5.29 5.92
technology
10.Flooded
6.55 5.17 7.61 7.61 6.55
management
11.Topography 556 7.71 7.71 3.98 3.98
12.Country
. 5.37 4.95 4.95 4.95 4.95
planning
13.Cost 4.71 4.71 4.71 8.19 6.14
14.Competition 546 6.59 8.14 6.59 6.59
15.Density of
. 7.47 7.47 7.98 8.21 6.19
traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Balr\1]gl_<ok Ba$g[<ok BuengKum | Chatuchak .ﬁ?om
Criteria Ol al ong
dV(Alll A*) d\/(AlZ! A*) d\/(Al3! A*) d\/(Al4l A*) d\/(Al5! A*)
1.National
environment 6.11 5.50 6.11 6.94 6.11
and its impact
2.Accessibility 6.60 6.60 6.60 5.42 6.60
3.Labor 5.46 6.92 5.46 5.03 5.46
4.Connectivity
to multimodal 6.67 7.70 7.70 3.95 6.67
transport
5.Government
.| 568 5.68 4.80 5.68 4.10
and regulations
6.Demand 5.64 7.73 6.75 6.75 6.75
7.Infrastructure 4 06 4.06 4.75 4.75 4.75
8.Security 5.55 5.55 6.97 6.97 6.97
9.Information
5.29 5.92 5.92 5.29 5.92
technology
10.Flooded
7.61 7.61 6.55 6.55 6.55
management
11.Topography .70 6.70 6.70 6.70 6.70
12.Country
. 4.95 4.95 6.87 4.95 4.95
planning
13.Cost 4.71 4.71 4.71 6.14 4.71
14.Competition g 14 5.46 5.46 8.14 5.46
15.Density of
6.19 4.76 7.98 8.21 6.19

traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Din Daeng Don Dusit Hual Khan Na
Criteria Mueang Khwang Yao
Ov(Ase, A*) | OW(Ar7, A*) | df(Ars, A*) | d(A1g, A*) | d(Azo, A¥)
1.National
environment 6.11 6.11 5.50 6.11 6.11
and its impact
2.Accessibility| 6,60 7.67 7.67 5.42 7.67
3.Labor 5.46 5.03 6.07 6.92 6.07
4.Connectivity
to multimodal 7.70 4.62 6.67 4.62 7.70
transport
5.Government
1 677 4.80 6.77 6.77 4.10
and regulations
6.Demand 7.73 7.73 6.75 4.06 6.75
7.Infrastructure 4 06 4.75 4.06 4.06 5.64
8.Security 6.15 6.97 6.15 6.15 6.97
9.Information
5.92 5.92 5.29 5.92 5.92
technology
10.Flooded
6.55 7.61 5.17 5.17 6.55
management
11.Topography 556 6.70 6.70 7.71 5.56
12.Country
. 4.95 6.87 5.37 4.95 5.99
planning
13.Cost 7.44 4.71 7.44 7.44 4.71
14.Competition 7,70 5.46 5.46 5.46 5.46
15.Density of
. 7.98 7.98 7.47 7.47 7.98
traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

traffic

Khlo\?\? Sam Khlong San|Khlong Toei| Lak Si |LatKrabang
Criteria a
(Ao, A%) | di(Azo, A¥) | d(Aoz, A%) | O(Aza, A%) | Oy(Ags, A¥)
1.National
environment 6.11 6.11 6.94 6.11 6.11
and its impact
2.Accessibility| 7 67 5.42 4.51 7.67 7.67
3.Labor 5.03 6.92 6.07 6.07 5.03
4.Connectivity
to multimodal 7.70 7.70 5.53 6.67 6.67
transport
5.Government
.| 410 6.77 5.68 4.10 4.10
and regulations
6.Demand 7.73 6.75 6.75 6.75 6.75
7.Infrastructure 5 64 4.06 4.06 4.75 5.64
8.Security 5.55 6.97 6.15 6.97 5.55
9.Information
5.92 5.92 5.92 5.92 5.29
technology
10.Flooded
6.55 7.61 4.00 7.61 7.61
management
11.Topography 771 6.70 3.98 3.98 7.71
12.Country
: 6.87 4.95 4.95 5.37 6.87
planning
13.Cost 4.71 6.14 7.44 4.71 4.71
14.Competition 546 7.70 8.35 5.46 8.14
15.Density of
4.76 7.47 7.47 6.19 6.19
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

. . Nong Pathum
LatPhrao | Min Buri |Nong Chok
Criteria Khaem Wan
dV(A261 A*) d\/(A27! A*) d\/(A28! A*) dv(AZQa A*) d\/(A30! A*)
1.National
environment 6.11 6.11 5.50 6.11 6.11
and its impact
2.Accessibility| 7 67 6.60 7.67 7.67 3.88
3.Labor 5.46 5.46 5.46 5.46 6.92
4.Connectivity
to multimodal 6.67 7.70 7.70 7.70 4.62
transport
5.Government
.| 4580 4.10 4.10 4.10 6.77
and regulations
6.Demand 6.75 6.75 7.73 6.75 5.64
7.Infrastructure 4,75 5.64 5.64 5.64 4.06
8.Security 6.97 5.55 5.55 5.55 6.15
9.Information
5.92 6.82 5.92 5.92 5.92
technology
10.Flooded
7.61 7.61 7.61 6.55 6.55
management
11.Topography 556 6.70 6.70 7.71 6.70
12.Country
. 7.82 6.87 6.87 5.37 4.95
planning
13.Cost 4.71 4.71 4.71 4.71 8.19
14.Competition 5 46 5.46 5.46 5.46 6.59
15.Density of
. 7.47 6.19 6.19 6.19 6.19
traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Phasi Phaya Thai Phra Phra PomPrap
Criteria Charoen Khanong Nakhon | SattruPhai
dv(Az1, A*) | d(Asz, A*) | du(Ass, A*) | Oy(Ags, A*) | dy(Ags, A*)
1.National
environment 5.50 6.11 5.50 5.50 5.50
and its impact
2.Accessibility| 767 6.60 7.67 6.60 6.60
3.Labor 5.46 6.92 6.07 6.92 6.92
4.Connectivity
to multimodal 7.70 4.62 5.53 7.70 7.70
transport
5.Government
- 4.10 6.77 4.80 6.77 6.77
and regulations
6.Demand 6.75 4.75 7.73 7.73 6.75
7.Infrastructure 4 75 4.06 4.75 4.06 4.06
8.Security 5.55 6.15 6.15 6.15 6.15
9.Information
5.29 5.92 5.92 5.29 5.29
technology
10.Flooded
7.61 5.17 6.55 7.61 7.61
management
11.Topography .70 3.98 7.71 7.71 6.70
12.Country
) 4.95 4.95 4,95 6.87 4.95
planning
13.Cost 4.71 7.44 4.71 7.44 7.44
14.Competition 5 46 6.59 8.35 6.59 6.59
15.Density of
6.19 8.21 7.47 7.47 6.19

traffic




Thummamateta Treevirotmongkol

Appendices / 174

TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Prawet | Rat Burana|Ratchathewi| Sai Mai ?r? mphan
Criteria awong
Av(Aze, A*) | O(As7, A*) | h(Ase, A*) | Ou(Asze, A*) | d(Aso, A¥)
1.National
environment 6.11 6.11 6.94 6.11 5.50
and its impact
2.Accessibility| 7 67 7.67 3.88 7.67 6.60
3.Labor 5.46 6.07 6.92 5.03 7.84
4.Connectivity
to multimodal 7.70 7.70 4.62 7.70 7.70
transport
5.Government
. | 4.10 4.10 6.77 4.10 6.77
and regulations
6.Demand 7.73 5.64 4.06 6.75 6.75
7.Infrastructure 5 64 5.64 4.06 5.64 4.06
8.Security 6.97 6.97 6.15 6.97 6.15
9.Information
5.92 5.92 5.92 5.92 5.92
technology
10.Flooded
5.17 7.61 6.55 6.55 7.61
management
11.Topography 771 4.66 6.70 3.98 6.70
12.Country
: 6.87 4.95 4.95 7.82 4.95
planning
13.Cost 4.71 4.71 7.44 4.71 8.19
14.Competition 770 5.46 6.59 5.46 6.59
15.Density of
. 6.19 6.19 7.98 6.19 6.19
traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Saphan Taling Thawi
Sathon | Suan Luang
Criteria Sung Chan Watthana
Ov(Asz, A*) | O(Aa, A*) | Oy(Asz, A*) | d(Agg, A*) | d(Ass, AY)
1.National
environment 5.50 6.11 5.50 6.11 6.11
and its impact
2.Accessibility| 7 67 5.42 7.67 7.67 7.67
3.Labor 6.07 6.07 6.07 6.07 6.92
4.Connectivity
to multimodal 7.70 5.53 3.95 6.67 6.67
transport
5.Government
.| 410 6.77 4.80 4.80 4.80
and regulations
6.Demand 7.73 6.75 6.75 7.73 7.73
7.Infrastructure 5 64 4.06 5.64 5.64 5.64
8.Security 6.97 6.15 6.97 5.55 5.55
9.Information
5.92 5.92 5.92 5.29 5.92
technology
10.Flooded
7.61 6.55 7.61 6.55 7.61
management
11.Topography  6.70 3.98 7.71 6.70 5.56
12.Country
: 4.95 4.95 5.99 7.82 5.37
planning
13.Cost 4.71 7.96 4.71 6.14 4.71
14.Competition 546 5.46 5.46 6.59 5.46
15.Density of
6.19 7.47 7.47 4.76 4.76

traffic
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TABLE F.20 Distancesd,(A; . A*) for alternatives (cont.)

Thon Buri TKhhung ThWar:g Watthana | Yan Nawa
Criteria fu onglang
Ad(Ase, A*) | O(Asa7, A*) | OAss, A*) | d(Adg, A*) | Odu(Aso, A¥)
1.National
environment 6.11 6.11 6.11 6.94 6.94
and its impact
2.Accessibility| .60 7.67 7.67 3.88 6.60
3.Labor 5.46 6.07 6.07 6.07 6.07
4.Connectivity
to multimodal 6.67 7.70 5.53 6.67 5.53
transport
5.Government
. | 5,68 4.80 4.80 5.68 6.77
and regulations
6.Demand 5.64 7.73 7.73 4.75 7.73
7.Infrastructure 4 o6 5.64 4.75 4.06 4.06
8.Security 6.97 6.97 6.97 6.15 6.15
9.Information
5.29 5.92 5.92 5.92 5.92
technology
10.Flooded
7.61 6.55 7.61 6.55 7.61
management
11.Topography .70 3.98 4.66 7.71 3.98
12.Country
: 7.82 5.99 5.99 4.95 4.95
planning
13.Cost 4.71 4.71 4.71 7.44 7.96
14.Competition g 59 5.46 7.70 6.59 5.46
15.Density of
, 7.47 6.19 7.47 1.47 8.21
traffic
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TABLE F.21 Closeness coefficientsdC) of the 50 districts

Alternatives d (e CGCi Order

Bang Bon A 65.79 89.7 0.42 6
Bang Kapi A 53.26 96.2 0.36 47
Bang Khae A 64.26 90.8 0.41 17
Bang Khen A 61.68 90.4 0.41 22
Bang KhoLaem A 60.33 92.4 0.39 30
Bang Khun Thian A 65.03 89.0 0.42 7
Bang Na A 64.67 89.2 0.42 11
Bang Phlat A 53.89 96.2 0.36 45
Bang Rak A 64.10 89.3 0.42 13
Bang Sue Ao 67.99 88.5 0.43

Bangkok Noi A 65.65 89.4 0.42

Bangkok Yai A 64.69 89.8 0.42 12
BuengKum Az 58.39 93.3 0.38 36
Chatuchak As 60.75 91.5 0.4 27
Chom Thong As 67.79 87.9 0.44 2
Din Daeng As 51.79 96.7 0.35 48
Don Mueang A 59.00 92.9 0.39 34
Dusit Agg 59.04 92.5 0.39 33
Huai Khwang Ag 63.32 88.22 0.42 14
Khan Na Yao Ao 57.50 93.18 0.38 38
Khlong Sam Wa A 61.78 91.51 0.40 24
Khlong San A 51.93 97.17 0.35 49
Khlong Toel A3 62.71 87.79 0.42 15
Lak Si Pog 66.65 88.33 0.43 4
LatKrabang As 58.53 94.04 0.38 37
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TABLE F.21 Closeness coefficientsddG) of the 50 districts (cont.)

Alternatives d q* CC; Order
LatPhrao As 57.8 93.7 0.38 39
Min Buri A7 61.5 92.2 0.4 26
Nong Chok As 61.5 92.8 0.4 28
Nong Khaem Ao 64.4 90.9 0.41 16
Pathum Wan Ao 65.2 89.2 0.42 8
Phasi Charoen A 69.1 88.4 0.44
Phaya Thai Ao 64.4 88.2 0.42 9
Phra Khanong £ 57.2 93.9 0.38 40
Phra Nakhon Ay 48.5 100 0.33 50
Pom Prap Sattru Phai| 34 58 95.2 0.38 41
Prawet As 54.8 95.6 0.36 44
Rat Burana Ay 65.1 89.4 0.42 10
Ratchathewi Asg 62.7 89.5 0.41 20
Sai Mai Agg 62.8 90.6 0.41 21
Saphan Sung A 54.2 97.5 0.36 46
Saphan Sung A 60.7 92.9 0.4 29
Sathon Ao 62.4 89.1 0.41 19
Suan Luang A 59.9 92.2 0.39 31
Taling Chan Aa 60.3 94.1 0.39 32
Thawi Watthana hs 63.8 90.5 0.41 18
Thon Buri A 59 93.4 0.39 35
Thung Khru P 61.9 91.5 0.4 23
Wang Thonglang ks 56.6 93.7 0.38 42
Watthana Ao 61.3 90.8 0.4 25
Yan Nawa Ao 55.7 93.9 0.37 43
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APPENDIX G
THE RESULT OF SENSITIVITY ANALYSIS

Yan Naw:
Watthani
Wang Thonglan
Thung Khrt
Thon Bur
Thawi Watthan
Taling Chai
Suan Luan
Sathoi

Saphan Sur
Samphanthawor
Sai Ma
Ratchathev
Rat Buran |
Prawe

Pom Prap Sattru Pt
Phra Nakho
Phra Khanon
Phaya Thz
Phasi Charoe
Pathum Wa
Nong Khaer
Nong Chol

Min Buri
LatPhrat
LatKraban
Lak Si

Khlong Toe
Khlong Sal
Khlong Sam W
Khan Na Ya
Huai Khwan
Dusit

Don Muean
Din Daeny
Chom Thoni
Chatucha
BuengKun
Bangkok Ya
Bangkok Nao
Bang Su

Bang Ra

Bang Phle
Bang N:

Bang Khun Thia
Bang KholLaer
Bang Khel
Bang Kha
Bang Kap
Bang Bol

0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42

Figure G.1 The closeness coefficient (Gof 50 districts for sensitivity

analysis (all criteria are very low)
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Yan Nawa
Watthana |

Wang Thonglang |
Thung Khru |
Thon Buri |
Thawi Watthana |
Taling Chan |
Suan Luang |
Sathon |

Saphan Sung
Samphanthawong|
Sai Mai |
Ratchathewi |

Rat Burana |
Prawet |

Pom Prap Sattru Phal
Phra Nakhon{%
Phra Khanong |
Phaya Thai
Phasi Charoen

Nong Khaem 0.402
Nong Chok 0.387
Min Buri | —1 0.387
LatPhrao
LatKrabang
Lak Si
Khlong Toei
Khlong San s ——————  0.349
Khlong Sam Wa
Khan Na Yao
Huai Khwang
Dusit
Don Mueang
Din Daeng
Chom Thong
Chatuchak
BuengKum
Bangkok Yai 0.403
Bangkok Noi 0.407
Bang Sue
Bang Rak
Bang Phlat
Bang Na 0.402
Bang Khun Thian 0.407
Bang KhoLaem
Bang Khen
Bang Khae

Bang Kapi 0.342 -
g Kap) FeemeR——— .

0.425

0.418

Bang Bon

0.20 0.22 024 0.26 028 030 032 034 036 0.38 040 0.424 0.4

Figure G.2 The closeness coefficient (G)Oof 50 districts for sensitivity analysis

(all criteria are low)
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Yan Nawa
Watthana |

Wang Thonglang |
Thung Khru |
Thon Buri |
Thawi Watthana |
Taling Chan |
Suan Luang |
Sathon |

Saphan Sung
Samphanthawong|
Sai Mai |
Ratchathewi |

Rat Burana |
Prawet |

Pom Prap Sattru Phal ;
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Phaya Thai
Phasi Charoen

) 0.373[ |
: 1 0.402

1 0.416
1 0.390 |
1 0.394
1 0.414
0.399

1 0.357 |

1 0.412
1 0.410
T 0.425

0.450

Nong Khaem 0.420
Nong Chok
Min Buri
LatPhrao
LatKrabang
Lak Si 0.432
Khlong Toei
Khlong San
Khlong Sam Wa
Khan Na Yao
Huai Khwang
Dusit
Don Mueang
Din Daeng
Chom Thong
Chatuchak
BuengKum
Bangkok Yai 0.424
Bangkok Noi 0.428
Bang Sue

0.439

{1 ! ! [ | [ [ | | |
Bang Rak 0.420

Bang Phlat : 0.359 -
9 N I I N R R ’

Bang Na 0.421
Bang Khun Thian 0.428

_________= 0.398

A s s S s s S o ——
Bang Khen 0.404

Bang Khae
Bang Kapi
Bang Bon 0.428

0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 046 0.48

Figure G.3 The closeness coefficient (G)Oof 50 districts for sensitivity analysis

(all criteria are medium)
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Yan Nawa |
Watthana |
Wang Thonglang |
Thung Khru |
Thon Buri |
Thawi Watthana |
Taling Chan |
Suan Luang |
Sathon |
Saphan Sung
Samphanthawong
Sai Mai

Ratchathewi |

;. 0.384 | |
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Rat Burana | : 11 0.438
Prawet | 1 0.367 |
Pom Prap Sattru Phal , = 0.389
Phra Nakhon% 0.327 |
Phra Khanong | : 1 0.389
Phaya Thai
Phasi Charoen

Nong Khaem
Nong Chok
Min Buri
LatPhrao
LatKrabang
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Khlong Toei

KRiong San e —————————O.371
Khlong Sam Wa
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Khan Na Yao

Huai Khwang
Dusit
Don Mueang
Din Daeng
Chom Thong
Chatuchak
BuengKum
Bangkok Yai 0.437
Bangkok Noi 0.441
Bang Sue
Bang Rak 0.436
Bang Phlat
Bang Na 0.433
Bang Khun Thian 0.441
Bang KhoLaem
Bang Khen
Bang Khae
Bang Kapi
Bang Bon 0.441 |

0.452

0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42 0.46 0.48

Figure G.4 The closeness coefficient (G)Oof 50 districts for sensitivity analysis
(all criteria are high)
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Figure G.5 The closeness coefficient (GOof 50 districts for sensitivity analysis

(all criteria are very high)
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Figure G.6 The closeness coefficient (G)Oof 50 districts for sensitivity analysis
(highest weight of national environment and its impctcriterion)
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Figure G.7 The closeness coefficient (G)Oof 50 districts for sensitivity analysis
(highest weight of accessibility criterion)
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Figure G.8 The closeness coefficient (GOof 50 districts for sensitivity analysis

(highest weight of labor criterion)
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Figure G.9 The closeness coefficient (G)Oof 50 districts for sensitivity analysis

(highest weight of connectivity to multimodal trangort criterion)
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Figure G.10 The closeness coefficient (Gf 50 districts for sensitivity analysis

(highest weight government and regulations criterin)
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Figure G.11 The closeness coefficient (G®f 50 districts for sensitivity analysis
(highest weight of demand criterion)
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Figure G.12 The closeness coefficient (G®f 50 districts for sensitivity analysis
(highest weight of infrastructure criterion)
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Figure G.13 The closeness coefficient (G®f 50 districts for sensitivity analysis
(highest weight of security criterion)
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Figure G.14 The closeness coefficient (G®f 50 districts for sensitivity analysis

(highest weight of information technology criterior)
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Figure G.15 The closeness coefficient (G®f 50 districts for sensitivity analysis

(highest weight of flooded manag
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Figure G.16 The closeness coefficient (Gf 50 districts for sensitivity analysis
(highest weight of topography criterion)
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Figure G.17 The closeness coefficient (G®f 50 districts for sensitivity analysis

(highest weight of country planning criterion)
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Figure G.18 The closeness coefficient (Gf 50 districts for sensitivity analysis

(highest weight of cost criterion)
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Figure G.19 The closeness coefficient (Gf 50 districts for sensitivity analysis

(highest weight of competition criterion)
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Figure G.20 The closeness coefficient (Gf 50 districts for sensitivity analysis

(highest weight of density of traffic criterion)
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Table G.1 The result of equal weight all criteria

Sensitivity analysis
Order
Very low Low Medium High Very high
1 |Phasi CharoeiPhasi CharoejPhasi CharoenPhasi Charoen Phasi Charoen
2 Bang Sue | Chom Thong Chom Thong Chom Thang Chaoong@h
3 Chom Thong  Bang Sue Bang Sue Bang Sue Bang Sue
4 Lak Si Lak Si Lak Si Lak Si Lak Si
5 Bang Bon Bang Bon Bang Bon Bangkok Npi  Bangkok No
6 Bangkok Noi BagﬁiaK:un Bangkok Noi Ba$ﬁi;<:un Ba$ﬁi;<:un
7 BagﬁiaK:un Bangkok Noi BagﬁiaK:un Bang Bon Bang Rak
8 Rat Burana Rat Burana Rat Burana Rat Buraha Bang
9 Pathum Wan Bangkok Yai Bangkok Yai Bangkok Yai ayhThai
10 Bang Na Pathum Wan  Phaya Thai Bang Rak Huai Kgwa
11 | Nong Khaem Bang Na Pathum Wan Phaya Thai RatrBur
12 Bang Khae | Nong Khaem Bang Na Pathum Wan  Banykok
13 Phaya Thai Bang Khae Bang Rak Huai Khwang PatMam
14 | Bangkok Yai| Phaya Thai Nong Khaem Bang Nag Képlbaei
15 Bang Rak WTar:%V:na Huai Khwang| Nong Khaem Bang Na
16 Thawi Huai Khwang| Bang Khae Bang Khae Sathon
Watthana
17 | Huai Khwang Bang Rak Thawi Sathon Nong Khaem
Watthana
18 Sai Mai Sathon Sathon Khlong Toei Bang Khae
19 Sathon Sai Mai Khlong Toeirhawi Watthana Ratchathewi
20 Khlong Toei| Khlong Toei Sai Mai Sai Mai V\;rarlgl\l:na
21 Ratchathewi| Ratchathewi RatchathewiRatchathewi Sai Mai
22 Thung Khru Khlo\;:l%Sam Khlo\;:l%Sam Khlong Sam Wa Khlo\?V%Sam
23 Nong Chok | Thung Khry  Bang Khen Bang Khep Bidhgn
24 Min Buri Min Buri Nong Chok Watthana Watthana
25 Khlo\?V%Sam Nong Chok | Thung Khru Nong Chok Chatuchak
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Table G.1 The result of equal weight all criteria ¢ont.)

Sensitivity analysis

Order : : :
Very low Low Medium High Very high
26 Bang Khen Bang Khen Watthana Thung Khru ~ NohgkC
27 Watthana Watthana Min Buri Min Buri Thung Khru
28 Saphan Sung Saphan Sung Chatuchak Chatughak arSaphg
Bang Bang . ,
29 KhoLaem KhoLaem Saphan Sung Saphan Supg Min Buri
: Bang Bang Bang
30 Taling Chan/| — Chatuchak KhoLaem KhoLaem KhoLaem
31 Chatuchak | Taling Chan  Suan Luang Suan Luang Sueamg
32 Suan Luang| Suan Luang Dusit Dusit Dusit
33 Dusit Dusit Taling Channt  Don Mueang Don Mueang
34 Thon Buri | Don Mueang Don Mueang Taling Chan Lratkang
35 Don Mueang  Thon Buri LatKrabang LatKrabang TalZhan
Pom Prap , .
36 Sattru Phai BuengKum Thon Buri Thon Buri | Phra Khanong
37 LatKrabang| LatKrabang BuengKum  BuengKum Thon Bur
Pom Prap
38 BuengKum Sattru Phai LatPhrao | Phra KhanongBuengKum
39 LatPhrao LatPhrao Pom Prap_ Khan Na Yao Khan Na Yao
Sattru Phai
40 | Khan Na Yaq Khan Na Yaol Khan Na Yao LatPhrao LatPhrao
Pom Prap
41 | Phra KhanongPhra KhanongPhra Khanong Sattru Phai Yan Nawa
Wang Wang Pom Prap
42 Thonglang | Thonglang Yan Nawa Yan Nawa Sattru Phai
Wang Wang Wang
43 Yan Nawa Yan Nawa Thonglang | Thonglang | Thonglang
44 Prawet Prawet Prawet Prawet Bang Phlat
45 Samphantha Samphantha Bang Phlat Bang Phlat Prawet
wong wong
46 Bang Phlat Bang Phlaf Samphantha] Samphantha] Samphantha
wong wong wong
47 Bang Kapi Bang Kapi Bang Kap Din Daeng DiaelDg
48 Khlong San Din Daeng Din Daeng Bang Kapi BamagiK
49 Din Daeng Khlong Sann  Khlong San  Khlong San  Kgl8an
50 Phra Nakhonn Phra Nakhon Phra Nakhon Phra Naki®dra Nakhon
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Table G.2 The result of highest weight national erikonment and its impact,

accessibility, labor and connectivity to multimodaltransport criteria

Sensitivity analysis

Order National Connectivity to
environment and| Accessibility Labor multimodal
its impact transport

1 Phasi Charoen Pathum Wan|  Bang Khun ThiaRathum Wan
2 Bangkok Yai Bang Rak Phasi Charoen Chatuchak
3 Bang Rak Ratchathewi Bang Khae Phaya Thali
4 Bang Sue Watthana Bang Sue Suan Luang
5 Chom Thong Bang Sue Chom Thong Huai Khwang
6 Nong Chok Khlong Toel Sai Mai Ratchathewi
7 Lak Si Huai Khwang Bangkok Noi Bang Na
8 Saphan Sung Sathon Khlong Sam WaDon Mueang
9 Bang Bon Chom Thong Bang Khen Bang Rak
10 Bangkok Noi Chatuchak Chatuchak Sathon
11 | Bang Khun Thian Bangkok Noi Nong Khaem Khlong Toei
12 Suan Luang Phasi Charoen Don Mueang Chom Thang
13 Rat Burana Phaya Thai LatKrabang Bang Khen
14 Dusit Bangkok Yai Nong Chok Lak Si
15 Pathum Wan Lak Si Min Buri Bang Bon
16 Bang Na Bang Bon Lak Si Bangkok No
17 Nong Khaem Min Buri Bang Bon Bang Khun Thian
18 Bang Khae Bang Khun Thign Rat Burana Phasi @nmarp
19 Phaya Thai Rat Burana Bang Na Bang Sue
20 Pom I;La;; Sattry Bang KhoLaem Thon Buri Thawi Watthana
21 Thawi Watthana Bang Na BuengKum Phra Khanong
22 Huai Khwang Nong Khaem LatPhrao Wang Thonglang
23 Phra Khanong Bang Khae Sathon Watthana
24 Sai Mai Thawi Watthana Khlong Toel Yan Nawa
25 Sathon Thon Buri Thung Khru Rat Burana
26 Thung Khru Pom Prap Sattru Watthana Taling Chan

Phai
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Table G.2 The result of highest weight National enkonment and its impact,

accessibility, labor and connectivity to multimodaltransport criteria (cont.)

Sensitivity analysis

Order National Connectivity to
environment and| Accessibility Labor multimodal
its impact transport
27 Min Buri Sai Mai Saphan Sung Nong Khaem
28 Khlong Sam Wa] BuengKum Bang KhoLaem Bang Khae
29 Bang KhoLaem Thung Khru Taling Chan Bangkok Yai
30 Taling Chan Nong Chok Prawet Dusit
31 Samphantha Khlong San Suan Luang Thon Buri
wong
32 Thon Buri Khlong Sam Wa Dusit LatKrabang
33 Don Mueang Bang Khen Pathum Wan Sai Mai
34 LatKrabang Saphan Sung Phaya Tha LatPhrag
35 BuengKum Taling Chan Bangkok Yai Thung Khru
36 LatPhrao Yan Nawa Bang Kapi Nong Chok
37 Khan Na Yao Suan Luang Bang Rak Min Buri
38 Khlong Toel Dusit Thawi Watthana  Khlong Sam Wa
39 Ratchathewi Sar\:wvgzgntha Huai Khwang Saphan Sung
40 | Wang Thonglang Don Mueang Din Daeng Bang KhoLapm
41 Bang Khen LatKrabang Khan Na Yag Pom I;La;)i Sattru
42 Watthana Bang Phlat Phra Khanong BuengKum
43 Chatuchak LatPhrao Ratchathewi Khan Na Yao
44 Prawet Khan Na Yao Wang Thonglang Bang Kapi
45 Phra Nakhon Phra Khanong Yan Nawa Prawet
46 Bang Phlat Bang Kapi Bang Phlat Samphantha
wong
47 Khlong San Wang Thonglangporn I;La;)i Sattru Bang Phlat
48 Din Daeng Din Daeng Khlong San Khlong San
49 Yan Nawa Prawet Samphantha Din Daeng
wong

50 Bang Kapi Phra Nakhon Phra Nakhon Phra Nakhon
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Table G.3 The result of highest weight governmentral regulations, demand,

infrastructure and security criteria

Order

Sensitivity analysis

Government and

requlations Demand Infrastructure Security
1 Phasi Charoen Huai Khwang Bang Sue Phasi Charpen
2 Chom Thong Ratchathewi Bangkok Nai Bang Bon
3 Lak Si Phaya Thai Phasi Charoen Bangkok Npi
4 Rat Burana Watthana Pathum Wan  Bang Khun Thian
5 Nong Khaem Bangkok Noi Phaya Thai Nong Khaem
6 Sai Mai Bang Khun Thian  Bangkok Ya Bang Khae
7 Bang Bon Rat Burana Chom Thong Bangkok Yai
8 Nong Chok Pathum Wan Bang Rak Thawi Watthana
9 Min Buri Bang Na Huai Khwang Nong Chok
10 Khlong Sam Wa Phasi Charoen Sathon Min Buri
11 | Bang Khun Thian Bang Rak Lak Si Khlong Sam Wa
12 Saphan Sung Bang Sue Khlong Toeli Taling Chan
13 Bang Na Chom Thong Ratchathewi Pathum Wan
14 Bang Khae Lak Si Watthana Bang Na
15 Thawi Watthana Bang Bon Bang Na Phaya Thali
16 Bang Sue Nong Khaem Bang Khae LatKrabang
17 LatKrabang Bang Khae Dusit Bang Rak
18 Thung Khru Thon Buri Thon Buri Huai Khwang
19 Khan Na Yao Sai Mai Pom IIZLZF; Sattry Bang Sue
20 Bang Khen Sathon Bang Khen Sathon
21 Taling Chan Khlong Toel Bang Bon Khlong Toe
22 Bangkok Noi Min Buri Bang KhoLaem Chom Thong
23 Suan Luang Bang KhoLaem Chatuchak Ratchathewi
24 Don Mueang Chatuchak Bang Khun Thian Watthana
25 Prawet Bangkok Yai Rat Burana Lak Si
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Table G.3 The result of highest weight governmentral regulations, demand,

infrastructure and security criteria (cont.)

Sensitivity analysis
Order
Governmgnt and Demand Infrastructure Security
regulations
26 Bangkok Yai Suan Luang Yan Nawa Bang KhoLaem
27 BuengKum Dusit Nong Khaem Rat Burana
28 LatPhrao Thawi Watthana Don Mueang Dusit
29 Phra Khanong Pom Prap Sattry Samphantha Bang Phlat
Phai wong
30 Khlong Toei LatKrabang Thawi Watthanapom Izrthi) Sattry
31 | Wang Thonglang BuengKum BuengKum Sai Mai
32 Watthana LatPhrao LatPhrao Phra Khanong
33 Chatuchak Thung Khru Sai Mai Thung Khru
34 Pathum Wan Nong Chok Phra Khanong Bang Khen
35 Phaya Thai Khan Na Yao Thung Khru Yan Nawa
36 Thon Buri Khlong Sam Wa Nong Chok Saphan Sung
37 Bang Kapi Bang Khen Wang Thonglang Chatuchak
38 Bang Rak Saphan Sung Min Buri Samphantha
wong
39 Huai Khwang Taling Chan Khlong Sam Wa Suan Luang
40 Sathon Samphantha Khlong San Thon Buri
wong
41 Ratchathewi Don Mueang Din Daeng Don Mueanqg
42 Bang KhoLaem Bang Phlat Saphan Sung BuengKum
43 Dusit Phra Khanong Taling Chan LatPhrao
44 Bang Phlat Bang Kapi Suan Luang Din Daeng
45 Pom I;La;; Sattry Wang Thonglang  Bang Phlat Khan Na Yao
46 Yan Nawa Khlong San LatKrabang Wang Thonglang
47 Samphantha Yan Nawa Bang Kapi Prawet
wong
48 Khlong San Prawet Phra Nakhor Phra Nakhon
49 Din Daeng Din Daeng Khan Na Yag Bang Kapi
50 Phra Nakhon Phra Nakhon Prawet Khlong San
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Table G.4 The result of highest weight informatiortechnology, flooded

management, topography and country planning critera

Sensitivity analysis

Order | |nformation Flooded Topography Country
technology management planning

1 Phasi Charoen Khlong Toei Bang Sue Phasi Charpen
2 Bangkok Noi Bang Na Lak Si Bang Sue
3 Bang Rak Phaya Thai Phaya Tha Chom Thong
4 Bang Sue Huai Khwang Bang Rak Bang Bon
5 Chom Thong Bang Sue Sathon Bangkok Noi
6 Lak Si Chom Thong Sai Mai Rat Burana
7 Chatuchak Bang Khen Khlong Toe Pathum Wan
8 Taling Chan Bang Khun Thian Thung Khru Bang Na
9 Bang Bon Phasi Charoen Rat Burana Phaya Thai
10 Rat Burana Dusit Bang KhoLaem Bangkok Yai
11 Dusit Pathum Wan Bang Khen Bang Rak
12 Pathum Wan Nong Khaem Bang Bon Huai Khwang
13 Bang Na Bang Khae Bang Khun Thian Sathon
14 Nong Khaem Sai Mai Yan Nawa Khlong Toe
15 Bang Khae Sathon Phasi Charoen Lak Si
16 Thon Buri Lak Si Thawi Watthana Ratchathewi
17 Phaya Thai Ratchathewi Chom Thong Bang Khunnrhia
18 Bangkok Yai Bang Bon Wang Thonglang Watthana
19 LatKrabang Thung Khru Bangkok No Bang KhoLaem
20 Pom I;La;)i Sattry Khlong Sam Wa Pathum Wan Saphan Sung
21 Thawi Watthana Bangkok Noi Bang Khae Chatuchak
22 Huai Khwang Watthana Bangkok Ya Nong Khaem
23 Sai Mai Rat Burana LatPhrao Thawi Watthana
24 Sathon Taling Chan Khan Na Yap Pom I;Laaﬁ Sattry
25 Khlong Toei Chatuchak Ratchathew Phra Khanong
26 Ratchathewi Prawet Nong Chok Yan Nawa
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Table G.4 The result of highest weight informatiortechnology, flooded

management, topography and country planning critera (cont.)

Sensitivity analysis
Order -

Information Flooded Topography CounFry

technology management planning
27 Thung Khru Bangkok Yai Min Buri Dusit
28 Nong Chok Bang Rak Saphan Sung Samphantha

wong
29 Khlong Sam Wa Thawi Watthana Taling Chan BangtPh
30 Bang Khen BuengKum Bang Na Thung Khry
31 Watthana Nong Chok Chatuchak Din Daeng
32 Saphan Sung Min Buri Nong Khaem Khlong San
33 Bang KhoLaem Khan Na Yao Dusit Suan Luang
34 | Bang Khun Thian Phra Khanong Huai Khwang Bang Khae
35 Suan Luang Saphan Sung Thon Buri Khan Na Yao
36 Don Mueang Bang KhoLaem Don Mueang  Wang Thamgla
37 BuengKum Suan Luang Pom IF;LaaF? Sattry Nong Chok
38 LatPhrao Thon Buri BuengKum Min Buri
39 Khan Na Yao Don Mueang Din Daeng Khlong Sam Wa
40 Phra Khanong Pom Izrthi) Sattry Khlong Sam Wa Bang Khen
41 | Wang Thonglang LatKrabang Watthana Don Mueang
42 Min Buri LatPhrao Suan Luang LatKrabang
43 Yan Nawa Bang Kapi Samphantha Sai Mai
wong
44 Prawet Wang Thonglang LatKrabang BuengKum
45 Samphantha Din Daeng Phra Khanong Bang Kapi
wong
46 Phra Nakhon Yan Nawa Khlong San Taling Chan
47 Bang Phlat Samphantha Prawet Prawet
wong

48 Bang Kapi Bang Phlat Bang Phlat Thon Buri
49 Khlong San Khlong San Bang Kapi LatPhrao
50 Din Daeng Phra Nakhon Phra Nakhon Phra Nakhon
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Table G.5 The result of highest weight cost, compébn and density of traffic

|

m

Phai

criteria
Sensitivity analysis
Order , :
Cost Competition Density of traffic

1 Phasi Charoen Phasi Charoen Bangkok Yai
2 Chom Thong Chom Thong Thawi Watthang
3 Lak Si Lak Si Phasi Charoen
4 Bang Bon Bang Bon Khlong Sam Wa|
5 Bangkok Noi Bang Khun Thian Bang Sue
6 Bang Khun Thian Rat Burana Chom Thong
7 Rat Burana Nong Khaem Taling Chan
8 Bang Na Bang Khae Lak Si
9 Nong Khaem Bangkok Yai Bang Bon
10 Bang Khae Huai Khwang Bangkok Noi
11 Bangkok Yai Thawi Watthana Rat Burana
12 Thawi Watthana Sai Mai Pathum Wan
13 Sai Mai Sathon Nong Khaem
14 Thung Khru Thung Khru Bang Khae
15 Nong Chok Nong Chok Sai Mai
16 Min Buri Min Buri Thung Khru
17 Khlong Sam Wa Khlong Sam Wa Nong Chok
18 Bang Sue Bang Sue Min Buri
19 Bang Khen Bang Khen Saphan Sung
20 Saphan Sung Saphan Sung Bang KholLae
21 Suan Luang Bang KhoLaem LatKrabang
22 Thon Buri Suan Luang Pom Prap Sattru H
23 Don Mueang Dusit Bang Khun Thian
24 LatKrabang Don Mueang Bang Na
25 BuengKum BuengKum Huai Khwang
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Table G.5 The result of highest weight cost, compébn and density of traffic

criteria (cont.)

Sensitivity analysis
Order , :
Cost Competition Density of traffic
26 LatPhrao Pathum Wan Prawet
27 Khan Na Yao Bang Na Samphanthawor)g
28 Phra Khanong LatPhrao Sathon
29 Wang Thonglang Phaya Thai Khlong Toei
30 Prawet Khan Na Yao Phaya Thai
31 Taling Chan Bang Rak Watthana
32 Bang Phlat Yan Nawa Bang Rak
33 Chatuchak Ratchathewi Ratchathewi
34 Bang Kapi Watthana Suan Luang
35 Phaya Thai Taling Chan Dusit
36 Huai Khwang Thon Buri Thon Buri
37 Khlong Toei Pom Prap Sattru Phai Bang Khen
38 Ratchathewi Bangkok Noi LatPhrao
39 Pathum Wan Samphantha Chatuchak
wong

40 Watthana Khlong Toei Phra Khanong
41 Bang KhoLaem Chatuchak Don Mueang
42 Bang Rak Phra Nakhon Wang Thonglang
43 Sathon LatKrabang BuengKum
44 Khlong San Wang Thonglang Khan Na Yao
45 Dusit Prawet Yan Nawa
46 Pom Prap Sattru Phai Phra Khanong Khlong San
47 Yan Nawa Khlong San Bang Phlat
48 Din Daeng Din Daeng Bang Kapi
49 Samphanthawong Bang Phlat Din Daeng
50 Phra Nakhon Bang Kapi Phra Nakhon
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Abstract Due 1o 2001 food crisis in Thailand, @ number of drug neno fctarers had Feen under the flood
water for a few months, Some dmg manufacturers did oot get the diret impact foom the Mooding, but they
could net distribute drugs to their customens due to ranspon disruption. These had resulied in shortage of
drugs in many hospitals especially in the remote areas. Therefore, the objectve of this research is w identfy
appropriate [actors used in locaion planming For estabishing adrug disiribution center. Tt is expected thar the
provposed lecation selection will help the distibution center o continuusly distibute drugs i customers
during crisis and bence save the patients. Fnally, the appropi ate factors will be identified and meommended

foor checision mekers.

Reywords: Drug distribution center, Location Planning, Dismption.

L INTRODUCTION

The Wordd Bank ¢201 1) stated that the manufacturing
sector sulfered the biggest damages and loses of 1,007
billion Buht due to 2001 flooding in Thailand, Like other
organizations und industies, many of dug manufacturery
had closed down duriog crisis due 1o the plants had been
under the food water or their employess could not ga o
work Some drug manfacturers did ool get the direc
impact from the Nooding, but they could not operate and
ditribute  drugs to their cudomers due to transport
disruption. These had o bg impact on the entire hospital
supply  chain  including manufacurers,  digributors,
hospitals,  and  the  end  costomers-the  pabents
(Liangrokapart, 20120 As o resull, the sock shotage of
drugs and medical sopplies in some hospitals had besn
problems due to the ransport disoption and the end
customers had got all the shortage nsks,

A the transpont disruption was the major problem on
the dug shortage in many hospitals, it was challenging o
find scane solutions for sobving the problem One possible
solution is & build a new drug distribotion center located

Corresponding Author

an the [lood-free zone with full accessibility during the
erists so that the distribution center could continue transfer
drugs o the customer without any disruption. In order o
find the best pew locaton for the distnbubon center, a
number of factors should b dentified and considersd.

This paper presents the methodology o identify
upproprigle  factors wsed i location skction  Tor
extablishing a drug distribution center.

The drug disribution center is o of plavers in
healthoare supply chain which distributes drogs 1o the
hospitals before the drugs were prescribed o the patkents,
The objective of this study 15 (o select an appropriake
location for esdabhshing a drug distribution cener which
will be uble to distibute drog toits costomens during the
crists and hence, save the patients. The proper hocation
helps o continueasly  supply  sufficiem dmugs o the
customers during the crisis

The reseach methodology begins with the lilerature
review. From Neramme mviews o momber of crieria used
in decision making for Gnding the best location have besn
wentified. Experts’ opinion srategies were conducted in
arder w confirm the imponance of each seleced criteria,
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Interestingly, some healthcare-related criteria have been
identified in addition o the gemeral oneria for location
selection.

In this paper is divided as follows, Section 2 preseats
lieraure review. In section 3, presens the research
methodology, In section 4, presents resull and discussion.
Finully, the conclusion is presented.

2. LITERATURE REVIEW

2.1 Defix

A distribution center (DC) 15 a building which stomey
the products under the suitable temperatore and humidiry,
The processing of distribulion center s 1o peceive various
proclucts, store untl cuskomers meed and distibute o the
retaikrs whoksakrs, or consumers (Sorat, 20090 The
wooed  pracices of distribution ceners help o reduce

itkom of Distribution Ce

er

inventory level tnventory camying cod, the final price of
the: procuct delivered w the end consumers and processing
tinme of onder processing,

2.2 Location Scbection Criteria in General,

Previous studies re laed 1o the opinion of decixion
makers in selecting cntena for location planning have been
Audied, Farmhani er af, (20100 sarted that reviewed about
multi-crteria location problems in three caegories of bi-
objective, multi-objective and multi-attribute prblens. The
major criteria from thi s msearch are *cost’, “environmental
risk', “service lewel’, ‘cowverage' and  Cother criteria’-
‘resource accessibility’, “economical crtena’, Cdistances
including closeness o market! or “customers, supplies
and resources’, “political mmtters and  repolations” and
competiion’, The author divided “cost’ inno pwo ypes
including fixed costs and variabk costs, The fined costs are
stat up cost untl investment and the sariable cosis are

ransportation, operations, product ion, services, disribution,
logistics, waste disposal, maintenance, and envimnmental
cod, Awasthi er al (20011) proposed o molt-orileria
decision making approach for location planmng. These
criteria for urban distribotion centers are “accessibility',
“wecurity’, Coonmectivity o multimodal ransport’, Ccosis’,

femvironmental  bmpact’,  Cprocimity o customers,
‘proximity oo suppliers’,  Cresource availubality',
‘conformance o sustainable  freight regolaons’,

Spossibility of expansion’, and “quality of service’. Another
work was done by Choo er al, (2008) who presented a
fuzzy  mulb-criterin decision making  model  for
imternational wunst hotel locabon selection. “Access', “resi
“surrounding  environment',  ‘convenience’,
intemal development’, Cexternal deselopment’, “human

“operating  conditions” we criterin in their

resourees

resource’,

research, Farahani et @l (20071 investgated the location
distribution centers for milivary logistics sy sem, The i of
attnbutes 15 “natural enviromment’, “military’, ‘economical’,
“infra-sructures’, They summarized that the land cost is the
maost important reason for business expansion, Uiy also
confirmed by the research of Yang er al (20073 that
business poblem, cost 15 very important for decision
making mole because of the limited investment.  Demirel e
al (200100 added  that Ceosts’, Clabor chameteristics',
“nfrastructure’, and “markets’ are the factors o evaloate a
real warshouse location selection problem of a big Turkish
lovgistic Firm. Azadeh er @l (20110 presented an integrated
approach for location of wind plants in Imn by using 4
categonies of ‘population and human labor', “distance of
power disribation setworks', *land cox’ and *peographical
area’, Other authors including Kayikei, (20100, Ren er al,
(20010, Ou er al (20090, 14 er al (2001), Koo (2011}
Kahraman ef af. (X003, Chen, 200010, Kayikei, (20100,
Boufoonon. 19955, Ocalir e al (20000 Mokhtarian ef ol
(20123, Cheng et af, (2008), Lee ef al, (2008) and Liu er al,
(2011 alsy gudied the criteria for locaion s kction in
different industies. The summary of general cntena for
location selection is shown in Tabke |

2,3 Healtheare-s fic Criteria,

Healthcare business is an important roke for the society.
Since people were born untl death, all have toinvolve with
hospital services. Fail o get healthcare services at the time
they need will have a severe mmpact 1o ther safety
(Liangrokapan, 20123, Therefore the continued service of
the hospitals, especially during the « 1% extremely
important. The hospitals should have sufficient supply of
drugs, medical devices, medicinal gas and other products 1o
serve the patients at all dme, The suppliers must pue all
effort to disribute their products to the hospitals by all
means in order o emsure that the end customers-the patients
will get the right products @ the right gquantity, al the right
quality, at the right place and ar the right time, A good
location for continged distributing products o the hospial
should be determined and the citena 1o be considered
should be identified.

Previous studies have been done in the heal theare
research related to location skection, Wo (2007 gudied
the optimal selection of location for Twiwanese hospital s
using six evaltion criceria which are “factor conditions’,
“dermand conditions’, “lion strategy, struciure and rivalry',
‘related and  supporting industries’, government’ and
“chance’ and I8 sub-criteria including “capital’, “laboe',
Sland’,  Cpopulation aumber’,  Cpopulabon density’
“population age distribulion’, “management obgctive’,
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TaHe 1: General aiteris for Location selection from leratome review
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Table 2: Healthcare-specific criteria from Histature review.
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Cralg eral (1995) % %
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ramk of competing hespitals’, “policy maker's attiiude’, “the elfforts newr dmg markets’, Coverlook drug possession’,
medicing pract @ and the pharmaceutical sectr’, “hosptal ‘provide access oo private areas near shelters’, *oontinue
administraton  sector’, “the healtheare sactor’, rescue efforts’ and “provide dnig mainienance, detox and

of the hospital's edublishment and  the
regul ations of the established standard’, “efforts 1o promoae
a medical metwork’, “pomulgating fasks that require a
hospital assessment’, “violent change in market demand”,
ramatic uetatons in production costs" and Significant

changes in the fmancial market and exchange rate’.
Simango (1993) presented strategic factors which “low
corporate ax', “hase for BC entry' and “skilled manpower’
that attract US and Furopean pharmeceutical muolinational
enterprses to lovate in lreland, While Dunlap e al (2011)
recommended that the focus should include * focus outreach

counseling services for disaser manag ment. Dong ef al
19998 deseribed the dmg policy reform in China that
advantage 1o redwes the cost meduce the length of the
chain  between producer and user, and improve  their
podwction in Ching has been wed o mform government
production plan o market dermand, Egecially  during
disaster, “the focus outrench efforts near dmg markets
critera’ is important © reach poor drugs users that related
1o reduce diog vaers osk (Dunlop, 20113 The healtheare-
specific criteria ant summarized in Table 2.
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A METHODOLOGY USED FOR SELECTION
CRITERIA

The main steps of methodology  are identifying
location s kection crieria and identifying potential location
lor a distribubion center. The methodology 15 presentsd in
Figure 1,

31 Identify the Location Selection Criteria

All criteria collected from hterature review and the
opinion of decision makers are divided imo two major
aneas-general cnterla and healthears cntena. Firally, the
autearme of ficst stepis a group ol location selection cnena
foor chrug dis tribution center,

A 11 Identify the General Criteria

This step stans from 25 geneml location criteds were
listed dowrn in Tabke 20 Thoese criteria were ranked by the
frequency ol citations, In this research, only the cniena
cited by five literatune s o more were used in the sy,

31.2 Identify the Healtheare Criteria

The 29 healthcare-specific crieria were also colkcted
from litermture mview as shownin Table 3, In tis rsearch,
due mothe limited number of lierauwmes, only the criteda
cited by two lierature or more were used in this study,

A2 Location Crkeria for Healtheare Setting and

* Exmpt ¢ Th patentinl Sowtian

3.4 Define ench eriferin
» (bwtput | Fhe Selinivans of crvterin

Figure 1: Methodology used for selecting enteria.

#41

Sl

ried Criteria by Experts

The entena from 30,01 and 3.1.2 are combined and
wed as selected location criteria. Three expens were
asked o confirm if the = kced oriteria sems (o be
reasonable (o be used in the further studv. At this step, the
total of 22 criterin were selecied incliding “accessibility’,
‘comnectivity o mulimodal  tansport’, oot
‘wonformance o sistaimable freight egolations’, gquality of
posibility of expansion’, *competition’, * labor”,
‘matural  environment',  Cinfrastructune’,  Cenvironmental
impact’,  C‘density  of  maffic’,  Cpoliical  egulations’,
‘proximity o suppliess’,  Cresource availdbiliny,
‘economical eriteria’, “demand’, Cproximity o suppliers’,
“firm srategy, structure and nvalry', Cgovernment’, “focus
outreach efforts near drog markets” and “population’,

wrvice'

33 Select the Potentinl Location

The 50 districts in Bangkok are Bangbon, Bangkapi,

Bangkhae, Bangkhen, Bangkholaem,  Bangkhunthian,
Bangna, Bangphlat, Bangrak, Bangsue, Bangkoknoi,
Bangkokyai,  Buenglum  Chachak  Chomthong,

Dindaeng, Donmuoesng, Dust, Huaykhwang, Khannayao,
Fhlongsamwa, Khlongan, Khlongoed, Lalks, Latkrabang,
Latphmo, Minburi Nongehok, Nongkhaem, Pathomwan,

Phasicharoen,  Phayathai,  Phmkhanong,  Phramakhon,
Pormprap  Prawet,  Rajhomna Ratchathewi  Saimai
Samphanthawong,  Suphansung,  Sathon,  Suanluang,
Talmgehan,  Thawiwatthana,  Thonbur,  Thungkhru,
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Wangthonglang, Watthana, and Yannawa disiricis Those
distnets are considensd a8 possible  areas for dug
distribution  cenfer  location,  However,  for  efficient
identification, potential locatom were identified wing pre-
sereening criteria. The pre-screening oriteria include (see
Figure 21,

Five Fotentlal Lacnd

Figure 2: The pre-scree ning crieria for

location s kction

1) Mo MNood problem higory i 1995,
2) Moflood problem history in 2011,
3) Closeness o expressway eniranced exit,

Alter applicaton of the prescmening critera, the
outpat of this step is 5 potential locaion areas Tor
establishing drug distibution center,

3.4 Define Each Criterion

The selected criteria from Step 3.2 are defined and
shownin Appendix A,

4, RESULT AND DISCUSSION

The mesult and franework of this research is prese nted
in Agure 3, Fram the above methodology, the outputs of
each step were adentified and summarweed mto the final
step Totally, 22 criteria were selected as the criteda (o be
considersd or location selection of drug didribution center.
The selected criteria ame the combination of 18 general
crieria and 4 healthcars gecific criteria from  ligrature
review. Then three experts were asked to reconfirm that the
sehected crieria semto be relevant to the research. The 18
generdl  eriteria include Caccessillity', Cconpectivity 1o
m ltimedal fangport’, ‘cos’, “conformunce o adainable
freight regulatons’, “quality of service’, ‘possahility of
expansion’, ‘competition’, *labar’, ‘natural envronnent’,
“infrastrociure’, ‘envimnment impact’, ‘demsity of raffie’,

842

‘political regulations’, “procimity o appliess’, nesouroe
availability", ‘economic criera’, demand’ and “pmoximity
to supphiers’. The four healthcae speafic criena were
considensd i be applied further in this stody including
“firm strategy, struciure and rivalry', “government’, “focus
outreach efforts near dmug markets” and “population’,

For the stage of identifying potential location areas for
establishing a drug distnbution center 1o be able o contdnue
s operatons during the diaster, the output of pre-screening
loeaton  am five  districs including Rawchathewd,
Pathumwan, Chomthong, Bannw and Bangkap districts,
The map aof Ave potental locations in Bangkok s
llustrated in Fgure 4 In fuiure, the five disticts will be
evaluated using fuzey TOPSIS @ select the best locaton
for drug distribution center.

5, CONCLUSION

In arder to ket the best location for edablishing
a drug dism bution center where it can continue operabions
during the crisis, a set of appropriae erierin were identilied
using previows lit review and experts opion. In this study,
not mly the criteda used in location selecion  for
dhistnbution center in genenml were considered, but also the
healtheare spealic eriteria were added 1n the constderat o,
Fimally, the 22 criteria were summarized s important
criteria to be used in further study. It is expecied that the
selected eriteria will be apphied © justify the pre-selection
locadon and mecommended the best locaion for dug
chistnbution center in the furither study.
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