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This paper presents a Multiple Criteria Decision Making (MCDM) process for the site selection of a
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grass warehouse in Chiang Rai Province, Thailand. The following seven criteria were used for site selection:
size of property, property cost, labor costs, public utilities, mode of transportation, and ability to access
the location, and distance from suppliers. In this paper, the conjunctive constraint method was used to
reduce the alternatives from seven to four. The screened locations include Amphoe Mae Jan, Amphoe
Mae Sai, Amphoe Chiang Saen, and Amphoe Chiang Khong. The decision regarding the site selection was
made using the Analytic Hierarchy Process (AHP) technique. Based on this process, the criteria “distance
from suppliers” and “property cost” were ideas identified as important to the site selection for the grass
warehouse. As a result, we determined that Amphoe Chiang Khong was the most appropriate location for

the warehousing of grass in Chiang Rai Province.
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1. Introduction

Regarding the necessity of storing inventory,
entrepreneurs may not want to hold much
inventory in stock because of economic liquidity
and organizational cost concerns. However, in
terms of pursuing efficient logistics management
and the range and duration of transportation
management, there must be a consideration of the
space of time condition. If the distance is longer,
transportation will also take longer, and it will lead
These

considerations are reasons to hold an inventory

to greater transportation costs.
and reduce costs. Having a warehouse is also
important for storing inventory.

Brooms are important tools for cleaning
houses; as a result, the life of broom may not be
long, which means that the demand for them is
continually high. Based on this persistent demand,
the production and income related to brooms are
also high. Broom manufacturing is a new business
designed to earn more money for the villages of
Thailand.  The

supporting evidence shows that there are more

northern and  northeastern
broom producers today than ever before. Also, the
production of brooms calls for many elements,
especially grass, which is a broom’s main
component. The resources for grass in northern
Thailand are Chiangrai, Phayao, Nan, and Chiangmai
Provinces, and Laos. The main suppliers of grass
are in Chiangrai and Laos; in fact, the Chiangrai
Province produces the most grass, which makes a
study of it interesting. The grass is collected during
one specific season, from November through
March. During this time, the grass is less expensive.
Still, entrepreneurs must store the grass to meet
the year-round demand. There is more demand in
the market each vyear, and entrepreneurs are
paying higher prices for grass because of the higher
demand. With this in mind, entrepreneurs need to
find, new appropriate locations to store grass in the

Chiang Rai Province. When this can be done,

entrepreneurs will be able to increase their storage
capacity and reduce logistical costs.

As the above has demonstrated, the
warehouse  location is  very  important.
Entrepreneurs must pay attention to the distance
from it to the sources of production, the size of
the area, land prices, the cost of wages, and
transportation patterns. All of these are factors
affecting the choice for the new location and will
help to save logistics costs. If the location is not
appropriate, problems will result, such as higher
logistics costs because of a greater distance from
the sources of production to the market. Moreover,
there will be insufficient quality labor, elements, or
materials, along with other necessary factors.
Generally speaking, one location has no dominant
advantage over other areas. Only the good
properties of the land that will benefit the
business should be considered. To choose an
efficient location for the business, entrepreneurs
need to consider the cost of production and
services, keeping them as low as possible. Many
factors will be involved in choosing the location for
the business, including transportation planning,

investment, income, and so on. [1]

2. Study area and methodology

This study is an adaptation of the MCDM
process used to choose the location for a grass
warehouse in Chiang Rai Province. Chiang Rai is the
appropriate strategic province in which to set the
warehouse. There are many resources available
each year, and it is home to an important
economic route for exporting products to nearby
countries. If the warehouse is set in Chiang Rai
Province, it will be convenient to transport the
grass to other provinces in Northern Thailand
throughout the year, and it will be possible to
store the materials imported from nearby
countries. This will lend a logistical efficiency to

the location. There may be more than one
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appropriate location for the warehouse, so the
MCDM approach will be used to choose the best

one, as indicated below.

2.1 Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is one
of the MCDM methods originally developed by
Prof. Thomas L. Saaty. In short, it is a method used
to derive ratio scales from paired comparisons. AHP
small  inconsistencies in

allows for some

judements, because humans are not always
consistent. The ratio scales are derived from the
principal Eigen vectors, and the consistency index
is derived from the principal Eigen value.

The elements of AHP are as follows:

® (riteria

® Comparison of criteria

® Table of priorities or preference levels

The elements in a decision-making process
can be divided into four parts:

1. Identifying the problem or goal is the
beginning of the decision-making process and
affects the determination and evaluation of
alternatives.

2. Major criteria is a set of criteria for
decision making problem.

3. Sub-criteria are secondary criteria used to
enhance the effective decision-making process.

4.  Alternatives. The

alternatives is the most important step in the

consideration  of

decision-making process. It also affects the ability
to diagnose alternatives.

Prioritizing criteria
established

elements of the hierarchy by making a series of

Priorities  are among the

judgments based on pairwise comparisons of them,
as shown in Table 1.

Goal Level 0
Factor A Factor B Factor C Factor D Level 1
Choice X Choice Y Choice Z Level 2

Figure 1. A Simple AHP hierarchy

Table 1. Preference level and numerical value of AHP

hierarchy

Numerical Value Preference Level

9 Very Strong

Strong to very strong

Strong

Marginally strong to strong

Marginally strong

Moderate to marginally strong

Moderate

Equal to moderate

N [WwW RO |oyn [N |00

Equal

AHP calls for the following steps:

The methodology of the AHP technique can be

explained in the following steps:

Step 1: Divide the problem into a hierarchy of
goals, criteria, sub-criteria, and alternatives.

Step 2:
Comparison Matrix to determine the weights

Enter input data into the Pairwise
for comparing various criteria.
Step 3:

Geometric Mean.

Estimate the weights through the
Step 4: Set the weights with respect to the criteria
or sub-criteria and ratings with respect to the
alternatives.

Step 5: Estimate consistency. If the consistency
ratio (CR) is greater than 0.1, it means this is
incorrect data. If the CR is less than 0.1, it means it
is correct data. The CR can be calculated as:

CR_CI

=— (1)
RI
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Where CR = consistency ratio
Cl = consistency index
Rl = random index

So, the consistency index (Cl) can be obtained as:
A-n
Cl=—— 2
n-1
Where n = number of criteria,
A = maximal Eigen values

The Random Index (RI) is shown in Table 2

Table 2. Values of Random Index (RI)

N 1 2 3 4 5 6 7

RI 0 0 [058 090 | 112|124 1.32

3. Related Research

In this study, the researcher examined
previous studies about the best criteria for
choosing the location for a warehouse. This data
provided information for the present study. The
involved studies all used MCDM. This is one of the
most popular methods for choosing how to
evaluate and analyze various patterns, as noted by
[3] who adapted the AHP technique to create a
model of transportation problems and analyze the
investment needed to choose a warehouse. He
compared two locations in Bangkok according to
legal regulations related to transportation. [4]
adapted the AHP technique to evaluate the
transportation routes from Khunming, China to
These

significance or the importance of routes in terms of

Bangkok. criteria could indicate the
the new route linking Khunming, in the Yunnan
Province, and Bangkok, Thailand.

In addition to the AHP technique, there
are many criteria decision techniques suggested by
other researchers for decision making. For example,
[5] used three multi

techniques to solve the problem of air traffic

criteria  decision making

researches are
that use the

transportation business.  Similar

found in many studies

MCDM technique. For example, [6] uses the ordinal
analysis technique to choose tertiary logistics
services. [7] was mentioned in the literature review
for its capacity evaluation and logistical capacity
development index, and for using four MCDM, such
as TOPSIS, ELECTRE, PROMETHEE, and AHP, to
choose the destination province for a logistics
center for product transportation from the North-
South and East-West economic corridors related to
the route of the Asian Development Bank (ADB).
Further [8] studied the criteria used to choose an
area for a warehouse by comparing the criteria
associated with MCDM. The criteria they used were
AHP, TOPSIS, ELECTRE, and Grey.

In the first procedure, the results from
each theory were compared. After that, the
locations were chosen using criteria from AHP,
TOPSIS, ELECTRE, and Grey. The best result was
chosen. [9] focused on the location for a goods
warehouse and the criteria of cost, labor,
fundamental structure, and marketing. The weight
of each criterion was set by the researchers. When
the data were analyzed using the Fuzzy ANP
technique, the location was finally chosen. MCDM
is used in many studies that call for choosing a
location. For example, [10] used the fuzzy
technique to choose an appropriate location.

Based on our literature review, we can say
that MCDC can be adapted to a variety of
purposes. This is why the researcher wants to use
the approach to choose the location for the grass
The AHP

important

warehouse in Chiang Rai Province.

technique has advantages when
elements of the decision are difficult to quantify or
compare, or where communication among team
by their different

specializations, terminologies, or perspectives.

members is  impeded

4. Results and discussion
After studying the related research to

select the multi-criteria most appropriate for
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choosing the best place for the warehouse, the
results made it clear that the criteria are
dependent upon how appropriate they are to the
research objectives. With this in mind, the
appropriate criteria were synthesized based on
data gleaned from the entrepreneurs’ interviews.
Moreover, the proper criteria were set by
considering the possible choices for siting the grass
warehouse in Chiang Rai. Based on the interviews
the decision maker of the warehouse site selection
and the evaluation of the location’s surroundings,
seven criteria were used to choose the location, as
they covered all of the concerns listed below.
Size of property (X1)

Property cost (X2)

Labor costs (X3)

Public utilities (X4)

Mode of transportation (X5)

Ability to access the location (X6)

N kRN e

Distance from suppliers (X7)

The basic criteria for choosing the location
of the grass warehouse in Chiang Rai Province was
set forth by the conjunctive constraint method.
The filtering factors are as follows.

1. It must be less than 50 kilometers away from
the material source because the entrepreneur
does not want to be too far from the resources.

2. It must be located on main transport routes.

3. It has a main road linking the area.

Based on the initial screening with the
above-constrained conditions, the choices were
narrowed to four districts, including:

1. Amphoe Mae Chan (A1)

2. Amphoe Mae Sai (A2)

3. Amphoe Chiang Saen (A3)

4. Amphoe Chiang Khong (Ad)

The AHP hierarchy can be seen in Figure 2.

Selection of a Warehouse

X1 ‘XZ‘ ‘x3| |X4| ‘XS‘ ‘X6‘ X7

|Al|’A2|‘A3‘|A4|

Figure 2. A simple AHP hierarchy, with the goal of
selecting the location for a grass warehouse in

Chiang Rai Province

As mentioned above, AHP criteria are used
to estimate the importance of each attribute. The
criteria to create matrices of pairwise comparisons
are set by the entrepreneur’s chosen elements for
emphasis. The weight given by the top manager, as
shown in Table 3, has a consistency of 0.08, 0.1

lower than the criterion for the highest possible

index, showing the stability of the decision maker.
Further,
comparisons of Attributes X1 to X7 is shown in
Table 4.

each of the matrices’ pairwise

Table 3. Pairwise comparisons matrix of the analysis
criteria

X1 | X2 | X3 [ X4 | X5| X6 | X7 | Weight
X1 |1 1/3 14 6 a4 a4 1/4 1 0.16
X213 1 6 5 6 1/31 0.25
X3|11/411/6|1 1/2 | 2 3 1/6 | 0.06
Xa|1/6|1/5(2 1 2 3 1/7 | 0.06
X5114f1/6|1/2]1/2]1 1/2 |1 1/6 | 0.04
X6 |1/4|1/5(1/3(1/3|2 1 1/6 | 0.04
X714 3 6 7 6 6 1 0.39

Consistency = 0.08
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Table 4. Pairwise comparisons Matrix of Attributes X1 to X7

for X1 Al A2 A3 Ad
Al 1 4 5 3
A2 1/4 1 3 3
A3 1/5 1/3 1 172
Ad 1/3 1/3 2 1

for X7 Al A2 A3 Ad
Al 1 1/3 1/6 /7
A2 3 1 1/5 1/6
A3 6 5 1 1
Ad 7 6 1 1

Consistency = 0.08

Consistency = 0.04

for X2 Al A2 A3 Ad
Al 1 5 3 3
A2 1/5 1 1/4 1/4
A3 1/3 4 1 172
Ad 1/3 4 2 1

Consistency = 0.06

After making the pairwise comparisons, the
weight of each alternative will be obtained by the
entrepreneur, and adjustments can be made to
sum 1, as shown in Table 5. Finally, the scores are
added by multiplying data in table 5 by the weight

of each criterion, as shown in Table 6

Table 5. The weights of all alternatives

X1 X2 X3 | X4 | X5 X6 X7

Al | 0541050 (053]0.12|0.13]0.49 | 0.05

A2 | 0.24|0.07 | 0.29 ] 0.38 | 0.13 | 0.06 | 0.10

for X3 Al A2 A3 Ad
Al 1 3 4 5
A2 1/3 1 4 4
A3 1/4 1/4 1 1
Ad 1/5 1/4 1 1

A3 | 0.09]0.18 | 0.09 | 0.25 [ 0.37 | 0.21 | 0.41

Consistency = 0.05

Ad 1 0.13]0.25(0.09| 025|037 ]024|0.44

Sum | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00

for X4 Al A2 A3 Ad
Al 1 172 1/3 1/3
A2 2 1 2 2
A3 3 172 1 1
Ad 3 172 1 1

Consistency = 0.06

for X5 Al A2 A3 Ad
Al 1 1 1/3 1/3
A2 1 1 1/3 1/3
A3 3 3 1 1
Ad 3 3 1 1

Consistency = 0

for X6 Al A2 A3 Ad
Al 1 5 4 2
A2 1/5 1 1/5 1/5
A3 1/4 5 1 1
Ad 172 5 1 1

Consistency = 0.07

Table 6. Total sum of the alternatives’ scores

Alternative Score
Al 0.2947
A2 0.1427
A3 0.2629
Ad 0.2997

Based on the AHP criteria for choosing the
location of the grass warehouse in Chiang Rai
Province via the seven criteria, the results show
that the Chiang Khong and Mae Chan Districts are
the best places for the warehouse. The Chiang
Khong District has an advantage, in that it is close
to the resources. Mae Chan is appealing, however,
due to the larger size of the property and its lower
property cost. Both the Chiang Khong and Mae
Chan Districts have different advantages that can

appeal to an entrepreneur selecting a grass
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warehouse location. The runner-up districts are
Chiang Saen and Mae Sai.

5. Suggestions and Conclusion

in the

location selection for a grass warehouse in the

By involving previous research

Chiang Rai Province, the MCDM approach has
called for using the AHP procedure, which consists
of seven criteria: the size of the area, the land’s
the

transportation, the ability to reach the area, and

price, cost of wages, public utilities,
the area’s distance from the raw materials. Based
on our analysis, it was clear that the most
appropriate location for the grass warehouse in
Chiang Rai Province is the Chiang Khong District. In
future studies, the researcher would like to use
other criteria, such as TOPSIS, SAW, and WPA, to
compare results to those gained via AHP. It would
also be useful to analyze data using the Fuzzy

theory.
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