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Abstract. Determination of distribution facilities is highly important to survive in the high
level of competition in today’s business world. Companies can operate multiple distribution
centers to mitigate supply chain risk. Thus, new problems arise, namely how many and where
the facilities should be provided. This study examines a fast-food restaurant brand, which
located in the Greater Jakarta. This brand is included in the category of top 5 fast food
restaurant chain based on retail sales. There were three stages in this study, compiling spatial
data, cluster analysis, and network analysis. Cluster analysis results are used to consider the
location of the additional distribution center. Network analysis results show a more efficient
process referring to a shorter distance to the distribution process.

1. Background

High level of competition in today’s business world has forced companies to rethink their methods in
maintaining their competitiveness. Only companies that can deliver products or services on time with
the right quality and the right price can survive in this era. One of the ways to maintain their
competitiveness is by managing their supply chain risks. Determination of the location of production
and distribution facilities is very important in supply chain risk management. Companies can reduce
risk by operating multiple facilities in spatially dispersed locations [1]. This paper will elaborate
research findings on distribution center location determination.

The research is conducted in the foodservice industry. Food service industry is a growing industry
in Indonesia. Data from Indonesia Central Bureau of Statistics show that Gross Domestic Product
growth from Food Service Industry is always positive for the last five years (2012 — 2016) [2]. In
addition, this industry has a high distribution of outlets. This made a suitable condition as an object of
research on spatial data. We use a brand as a case study for this research. This brand is included in the
category of top 5 fast food restaurant chain based on retail sales [3]. Nonetheless, the methodology
offered in this research can be applied to various other industries, especially those with high
distribution activities. The company at the moment only has one distribution center in the Special
Capital Region of Jakarta. All shipment of intermediate products (uncooked processed food) to all
stores originates from this distribution center. By operating only one distribution center, the company
is prone to supply chain risks, especially environmental risks of Jakarta, such as traffic congestion and
flooding. A research by INRIX ranks Jakarta as the 19" most congested city in the world and the most
congested city in Indonesia [4]. Those risks can create losses for the company, such as late delivery of
stores and damaged food. Therefore, it is necessary for the company to create multiple distribution
centers as a way to mitigate those risks.
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2. Facility Location

The facility location problem (FLP) is the main problem when designing supply and service network
of a company [5]. The pioneer of FLP was Weber in 1909 who studied the facility location to
minimize the distance between the factory and the customer [6]. There are many factors when
deciding new locations, such as available budgets, corporate strategies, current facility locations,
competitor facility locations, markets, demographics (ex. age, gender, population), consumer targets,
logistics and traffic conditions at candidate locations [7]. Now, various kinds of FLP have been
studied, such as warehouses in a supply chain [8, 9].

There are methods to find the best location for second and third warehouse using spatial analysis
and network analysis, which place the right warehouse location can be a long-term solution for the
company [10]. In the context of warehouses, avoiding back order and delivery lead time is the main
goal of increasing the number of warchouses apart from decreasing transportation costs and
environmental requirements in terms of emission gas (CO.) reduction [11, 12].

There are previous studies in determining warchouse’s location, Maharjan & Hanaoka used a
simplex algorithm with branch and bound [13]. Wang, Fu, Chen, & Zhou used a genetic algorithm for
their linear model [14]. Monthatipkul used nonlinear program based on the load distance technique
[15]. Fuente and Lozano used cluster analysis in Spain [16]. Aghezzaf used Lagrangian relaxation
decomposition [17]. Abo-Elnaga, El-Sobky, & Al-Naser introduced a trust region algorithm for their
nonlinear optimization [18]. Hua, Hu, & Yuan used artificial intelligence technique called particle
swarm optimization [19].

3. Research Methods

Jakarta as one of the 30 largest urban agglomerations [20], which calls as megacity [21], plays roles as
economic wealth and employment driver [22]. It has become hubs of commerce [23] and needs to find
a strategy to be more efficient on resource allocation in the complex linkages [22]. Based on this
phenomenon, Greater Jakarta was chosen related to the problems studied in this research.

This study examines a fast-food restaurant brand in Indonesia, which is included in the top 5 global
brands in chained fast food based on retail sales [3]. This brand has main distribution center to serve
all outlets in Greater Jakarta and some distribution centers (warehouses) in other provinces. The
determination of the distribution center branches in the Greater Jakarta area will be the main objective
of this research.

There were three stages in this study. The first stage of this study was compiling spatial data. The
spatial data collection is consist of borderline and road network. These were obtained from Geospasial
untuk Negeri, Indonesia's geospatial portal (http:/tanahair.indonesia.go.id/portal/landingpage),
managed by BIG — Badan Informasi Geospasial. The fast-food restaurant locations are geocoded
based on information from this brand website. The second stage was cluster analysis. This analysis is
conducted to determine natural groupings [24]. It was grouping restaurants location data. Results from
Cluster analysis are used to consider the location of additional distribution centers. The third stage was
network analysis, to observe the difference between current condition (with one distribution center)
and propose condition (propose some additional distribution centers). These three stages were analized
using ArcGIS® Desktop 10.0 for Windows®.

4. Findings and Discussion

The Greater Jakarta area extends along with the urban agglomeration. According to the spread of this
object study, these fast food restaurants were spread in Central Jakarta, North Jakarta, South Jakarta,
East Jakarta, West Jakarta, Bogor, Depok, Tangerang, and Bekasi, as can be seen in Figure 1.

The number of fast food restaurants that became the main object in the study were 96 outlets. 65%
of restaurant locations are located in Jakarta. These locations are used as input features for grouping
analysis. Output feature class which was a result from grouping analysis was a new integer field called
SS_Group, which define a specific group for each record. For this preliminary study and according to
the spread of the location, it was decided to divide it into 3 clusters.
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Table 1. Variable-Wise Summary

Variable Mean St. Dev. Min Max R?

X -6.241610  0.095669  -6.651329  -6.116170 0.608186
Y  106.840304 0.114535 106.520950 107.167997 0.555199
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Figure 1. Clustered Location and Standard Deviational Ellipse of fast food restaurant

Grouping Analysis tool from ArcGIS® Desktop 10.0 for Windows® computed the mean, standard
deviation, minimum and maximum value for each variable. Coordinates X and Y become the variable
in this study, considering the clustering factor is based on the proximity of location between one point
to another. R? value was also computed to analyze the appropriateness of variables on separating the
points. R? value for each variable was greater than 0.5, which indicates that these variables have
divided the location of the restaurant into 3 clusters effectively [24]. Calinski-Harabasz Pseudo F-
statistic was also computed by this program to exercise the grouping effectiveness, and it has shown
that 15 clusters have the highest Pseudo F-statistic. This number found as a non-manageable number
of segments. The researchers have taken the stopping rule to determine the number of clusters based
on strategic and tactical perspective [25]. 3 clusters are considered the most representative, given the
background of the problem. The addition of two new locations of the distribution center is the most
reasonable decision, considering the related resources needed for realization.

The three clusters tend to have directional trends, based on standard deviational ellipse as can be
seen in Figure 1. These orientations of location distribution were calculated based on each coordinate's
standard deviations and its mean center [26]. The first cluster has a straight directional to the south, as
the second cluster to the east. It found that the third cluster has no specific direction, seemingly
distributed in all directions. The third cluster has 69 members, while the second cluster has 19
members and the first cluster has 8 members. Although the three clusters have a disproportionate
amount, the coverage of the three clusters based on Thiessen polygon is relatively similar, as can be
seen in Figure 2.
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Figure 3. Network Analysis; a) Distribution from 1 Distribution Center;
b) Distribution from 3 Distribution Centers

Figure 3 illustrates the straight lines between origin and destinations, with only one distribution
center and with three distribution centers. The total distance that must be taken in the distribution
process becomes shorter with the addition of distribution center. Reduced distribution distance will
save energy and have a positive impact on the environment. To optimize an eco-friendly system in the
distribution process, we also have to incorporate diverse variable in dynamic system. Further research
can be done to compare costs as well as various advantages and disadvantages.

5. Conclusion

The results show a mechanism that practitioners can apply in dividing the region, by cluster analysis
of spatial data. The development of Geographic Information System has an impact on the ease of
conducting cluster analysis of spatial data. The availability of spatial data allows various realm to
perform this analysis.
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The determination of the number of clusters to be one of the important issues in this mechanism, as
explained by Hair, et al. [25]. As in the case of location determination to become an additional hub of
distribution, the determination of the number of clusters can not only be based on recommendations of
computational results but must be based on consideration of operational ease and availability of
resources.

Network analysis performed shows a more efficient process referring to a shorter distance to the
distribution process. Further research can compare the origin of the cost-matrix with a various number
of distribution centers, as well as relate it to various other influencing factors, such as traffic
congestion, volume, and frequency distribution.
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