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Abstract: Hospital is one of the most important and beneficial
public services in the world, therefore, these facilities should be
located in a rational manner. Increasing the population of
countries particularly developing countries and remote areas
leads to the demand for new public health facilities and hospitals.
No matter who provides the healthcare facilities, the most
important issue is where to locate a new hospital to provide, both
facility location and attractiveness. Hospital proper site selection
has a vital role in hospital construction and management. From
the aspect of the government and healthcare organization,
appropriate hospital site selection will help optimize the
allocation of medical resources, matching the provision of health
care with the social and economic demands. From the aspect of
the investors and operators of the hospital, optimum hospital site
selection will definitely be cost-saving on capital strategy. On the
other hand, establishing a hospital in urban districts has its own
positive and negative consequences. The positive impacts of
establishing a hospital in an area are that it increases property
value in the neighboring periphery as well as improving health-
related accessibility for the residents of that urban district. The
negative impacts of establishing a hospital in an area are
negative side-effects such as environmental contamination and
inducing new waves of traffic flow. Then, the adjacent
community is impacted by forms of increased traffic flow,
increased emergency vehicle usage in residential areas.
Therefore, in hospital site selection should be tried to reduce the
negative impacts. Then, main aim of this paper is to select a site
for the building of a new hospital in Iskandar Malaysia using
Gl S-based Multi-Criteria Analysis (MCA) with consideration of
various factor criteria, and constraint criteria in order to balance
the medical resourcethere.

Keywords: Hospital, Site Selection,
Analysis, I skandar Malaysia.

GIS, Multi-Criteria

l. INTRODUCTION

Hospital is one of the most important and beneficial
public servicesin the world, therefore, these facilities should
be located in a rationd manner [1]. Increasing the
population of countries particularly developing countries
and remote areas leads to the demand for new public health
facilities and hospitals [2]. By economic growth, many
private-public health facilities are starting services but
mostly serving for the upper class and upper-middle class of
the people, for lower-income and lower middle class the
health facilities are limited particularly in remote and rural
areas[3-5].
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The above situation amplifies the need for new hospitals
to be set up by the governments, profit or nonprofit health
organizations, charities, insurance companies or even
religious orders for the poorer sections of the society who
cannot spend a huge amount in health care [1,2]. No matter
who provides the healthcare facilities, the most important
issue is where to locate a new hospital to provide, both
facility location and attractiveness [1]

Hospital proper site selection has a vital role in hospital
construction and management [2-4]. From the aspect of the
government and healthcare organization, appropriate
hospital site selection will help optimize the alocation of
medical resources, matching the provision of health care
with the social and economic demands, coordinating the
urban and rural health service development, and easing
social contradictions [5-7]. From aspect of the citizen,
proper hospital site selection will improve access to the
healthcare, reduce the time of rescue, satisfy people’s
medical needs as well as enhance the quality of life [1-3].
From the aspect of the investors and operators of the
hospital, optimum hospital site selection will definitely be
cost-saving on capital strategy [1-3].

Establishing a hospital in urban districts has its own
positive and negative consequences. Positive impacts of
establishing a hospital in an area are that it increases
property value in the neighboring periphery as well as
improving health-related accessibility for the residents of
that urban district [1,7, 8]. The negative impacts of
establishing a hospital in an area are negative side-effects
such as environmental contamination and inducing new
waves of traffic flow appearing on the network serving the
digtrict, then, the adjacent community is impacted by forms
of increased traffic flow, increased emergency vehicle usage
in residential areas [1, 8]. Therefore, in hospital site
selection should be tried to reduce the negative impacts.
Therefore, main aim of this paper is to select a site for the
building of a new hospital in Iskandar Malaysia using GIS-
based Multi-Criteria Analysis (MCA). Considering various
factor criteria, and constraint criteria in order to balance the
medical resource there.

. STUDY AREA

The study area for this project is Iskandar Maaysia.
Iskandar Malaysia knew as Malaysia’s economic growth
corridor which covers 2217 sq. km (12% of Johor state) [9-
12]. Iskandar Malaysia, previousy known as the South
Johor Economic Region (SJER) and the Iskandar
Development Region (IDR), Southern tip of Peninsular
Malaysia [9,10]. The region was established in 2006 as one
of the catalyst development corridors to encourage the
growth of the Malaysian economy into the first quarter of
the 21 century [ 9,12]. Fig.
| shows Iskandar Malaysia.
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Fig.1 Iskandar Malaysia. Source: [4]

There is different type of hospital in Malaysia, Table. | show
different types of hospitalsin Malaysia

Table. |: Different types of hospitalsin Malaysia

Category Category A

Population [>400000 B0O0000- ROOOOO- (100000- ¥5000- K
400000 00000 PO0000 {00000 45000

Number  [>800 B00-800 #00-600 PO0-400 P0O-200 K90

of bed

Minimum (12 1o B 9) h B

Area

Hectare

Category  [Category B

Population [>300000 PO0000- [100000- HO00O- BO00O- K
300000 PO000O [100000 B0O000  BO00O

Number  [>600 n00-600 P00-400 [100-200 BO-100 K60

of bed

Minimum (12 2 B B h h

Area

Hectare

In this study the type B hospital for 200000-300000
Population with 400- 600 beds considered, then the
minimum areafor this kind of hospital must be more than 12
Hectares (120000 m2).

M1, METHODOLOGY

The methodologies and analyses which are using for the
site selection in this study are GlS-based Multi-criteria
analysis (MCA) and weighting of criteria. MCA is a
procedure which includes many criteria, that are essentia to
be evaluated in decision-making [2]. MCA includes two
essential parts, factor criteria and constraint criteria [2].
Each of the criteriais appeared as a map layer. Factor maps
are shows as spatial distributions to display the opportunity
criteria and the quality of achieving an objective. Constraint
maps are limitations or restrictions which prevent particular
elements to be taken into account the analysis[1, 2].

The weight for each criterion was given according to the
factor’s importance. The hospital site selection criteria were
identified through reviewing the literature following that,
the criteria divided into factor criteriaand constraint criteria
Some factor criteria have been considered such as
population, the distance between existing hospital, distance
from the main road, distance from the ferry terminal,
distance from ferry route and distance from the river.
Following that the weight from 1 to 3 assigned for each
factor criteria, according to the importance of factor 3 is
given for the factor which is more important and the 1 is

Retrieval Number: K01590121020/2020©BEIESP
DOI: 10.35940/ijbsac.K0159.0221020
Journal Website: www.ijbsac.org

given for the factor which is less important. In addition to
factor criteria, some constraint criteria also have been
considered such as railway, highway, university area and
greenbelt areas.

V. FACTOR CRITERIA

According to Iskandar Malaysia’s data, following are
considered as the Factor criteriafor this research.

1. Existing hospital. This is an important criterion for the

rational location of new hospital, keeping the distance
from existing hospital is the fair contribution of health
care facilities and will balance the medical services for
residents of Iskandar Malaysia. According to [1-3] at
least 500 meters’ distance must be considered from
existing hospital.
Residential area: it is better to locate hospital near to
residential areas in order to ensure the accessihility for
residents. The residential areas with high population
have a higher priority than the areas with low
population. Then in this research, the area with a high
population gets higher priority.

3. Main road: The hospital should be located near the
main roads, because of better accessibility. On the other
hand, when the vehicles are passing the road, their
noises negatively impact on the patients. Therefore, a
quiet distance of 100 meters must be set, outside the
quiet zone, the nearer is the better [8, 9].

4. River: Because the river may be polluted because of
connection to the drainage system. Thus, at least the
new hospital must have 300 meters’ distance from the
river [2]. Outside the buffer zone, the further is the
better.

5. Ferry route: According to data there are many routes for
the ferry in Iskandar Maaysia. Because ferry is the mode of
public transport which can ensure accessibility for the
hospital. Thus, it is better to locate hospita near to ferry route
and ferry terminal with quiet distance of 300 meters. Outside
the quiet zone the nearer the better.

Table. 1l shows the specific buffer requirements for
factor criteria.

Table. I1: Specific buffer requirementsfor factor
criteria. Adapted from [1, 2, 3, 7,8]

Factor Setting

Existing further from existing hospital better but at least

hospital > 500 meters

population | theresident with high population has high

of area priority.

Mainroad | Near to the main road is better but by keeping at
least 100 meters’ distance quiet site.

River The further away from theriver is better but at
least > 300 meters

Ferry route | Near to ferry route is better but by keeping at
least 300 meters’ distance qui€t Site.

Ferry Near to ferry terminal is better but by keeping at

terminal least 300 meters’ distance quiet site.

A. Data Process of Factor Criteria

Start performing the multiple ring buffers according to factor
criteria’s distance criterion (Table. 1I). Fig. Il. Shows the
implemented multiple ring
buffers for Factor criteria.
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Fig.2  Implemented multiplering buffersfor Factor criteria

The suitability weight is using in this research to 2. Ferry route: for ferry route the weight assigned 1
determine the importance of each factor. The ranking because it can help access into hospital, but not the
method has been used to define the weight of each factor. similar of the main road.

The weight assigned between 1 to 3, which 3 is most 3. Ferry termina: for ferry terminal the weight assigned 1.
important criterion and 1 is less important criterion. All 4. Population: for population, the weight assigned 3,

ranking weight converted to a numerical decimal number by because aim of the site selection of hospital in this
finding the importance percentage of each factor. (Tablell). research is to balance the medica services for the
1. Main road: for the main road the weight assigned 3 population. Theodore, it is important to be located
because the accessibility of the hospital is most hospital near to residential areato ensure accessibility.
important and the main road leads the accessibility to
hospital.
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River: for the river the weight assigned 2.

Existing hospital. for keeping the distance between
existing hospitals and new hospital, the weight assigned
3. Locating the new hospital near to existing hospitalsis
improper and insufficient. Table I11. shows the assigned
weight for each factor criteria.

Table. I11: Suitability score. Adapted from [1, 2, 3, 7,8]

Suitability Score JAssigned % Multiolier
Layer Low Medium High weight Weight P
name 1 2 3
Accessibility
] >1000 400- 100-400
Main Road M 1000 M M 3 231 0.23
>1000 400- 300-400
ferry route M 1000 M M 1 7.7 0.08
ferry >1000 400- 300-400
Termind_| M 1000 M M ! 7 008
population
Residential 100000-
population k100000 200000 >200000 3 231 0.23
River
. 300- 600-
River 600M 900M >900M 2 154 0.15
Existing hospital
Existing 500- 800- >
hospital 800M 1200 M 1200M 3 231 0.23
Total 13 100 1

B. Data Conversion

All vector data which is involved in factor criteria, after
implementing the distant buffer and given the vaue
converted to raster data. Fig. Ill. Factor Map of Factor

Criteria.
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Fig.3  Factor Map of all Factor Criteria
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V. CONSTRAINT CRITERIA

According to Iskandar Malaysia’s data, the following are

the constraint criteria for this study.

1

University area: because the universities have their own
hospitals or clinics. Then, it is unnecessary to build new
hospitals there.

Greenbelt areas. in the greenbelt area, the residents come
together and discusses the different thing and have a fun
time together. Greenbelt area is a noisy area; it is not
proper to build hospitals inside the greenbelt areas. On
the other hand, hospital has an impact on greenbelt areas,
which will pollute the greenbelt areas. Therefore, it is
not proper to locate the hospital inside the greenbelt
areas.

Highway: according to data there are many highways in
Iskandar Malaysia. When the vehicles are passing the
highway the noise from motor vehicles has a negative
impact on the patients in the hospital. The residential
area usually located far from highway and land-use
around the highway is usually open area. There is no
priority to build new hospital in contrast with other areas
which have higher priority. At least 500 meters’ buffer
zone must be considered from highway in order to keep
quiet sites for the new hospital.

Railway: when the trains crossing the way their noisy
sound will disturb the Patients. Then the hospital at least
must be located 1000 meters far from the railway [2].

Rail station: Since the patients will be disturbed by noisy
sound of trains when coming to stations and start moving
from station. Thus, the hospital must be located at least
with 1000 meters’ quiet distance from rail station [2].
Ring road: Thereis 16 ring road in Iskandar Malaysia. In
ring road vehicle is moving speedy and generates noisy
sound. Then around the ring road areas are not proper
sites for the hospital. At least 500 meters quiet distant is
essential.

Vacant Land: In this research the type B hospital for
200000-300000 population with 400- 600 beds
considered, then the minimum area for this kind of
hospital must be more than 12 Hectares. Table. 111 shows
constraint criteria setting.

TablelV. Constraint criteria setting. Adapted from [1, 2,

3, 7,8

Constraint | Setting (0= forbiddance; 1=allowance)

University Inside the areais =0, outside the areais =1

areas

Ring road 500 meters buffer zone is set, inside =0,
outside =1

highway 500 meters buffer zone is set, inside =0,
outside =1

Railway 1000 meters buffer zone is set, inside=0,
outside =1

Greenbelt inside the greenbelt area =0, outside =1

area

Rail station 1000 meters buffer zone is set, inside=0,
outside =1

Vacant land | Insidethe Vacant land areas=1, outside =0
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A. Data Process of Constraint Criteria

Buffering the distance for congtraint criteria: the single
buffers implemented according to constraint criteria’s
distance criterion (Table I11). The buffer distance shows the
constraint map for every constraint factor (Fig. 1V).

Union the constraint criteria each constraint criteria
after implementing the distance buffer united with Iskandar
Malaysia’s boundary.

Give the value for constraint criteriaz in order to
determine the suitable and unsuitable area for the hospital. 1
is given for the suitable area and the O given for unsuitable
areasee (Tablelll).

Union all constraint criteria: all constraint factors united
after given the value.

Convert to raster data all constraint criteria: all united
constraint criteria converted to raster data.

Raster calculation: after conversion, all factors criteria
and united of all constraint criteria the raster calculation
implemented to get the result.

Reclassification: after the raster calculation the result
reclassified to determine the high suitable, medium suitable
and low suitable areas.

Convert to vector data the raster result data: in order to
know another characteristic of the candidate sites the raster
data converted to vector data.

Rl
rail station
LA L] ~ t'
"d Te g e
'h value value
p—— - (0
) ? : > [1]
Constraing map
of Ereenbalt
RS
i : value |
- » (0|
Constraint map of ——e
[ e
-
d-’Tflm—, [ralue
-0 - 0]
NN el il

Fig.4  Consraint map of all constraint criteria
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Fig. 5Constraint map of all constraint criteria after
the union

VI. RASTER CALCULATION AND RESULT

The raster calculation used to calculate the suitability of
both factors criteria and constraint criteria. After the
calculation, the suitable sites come up with high suitability
and low suitability. The reclassification implemented to
determine the areas with high suitability, medium suitability,
and low suitability. Equation 1 is used for raster calculation.

Si =X Fk * Xik * IT Cic( 1)

Equation 1 Raster calculation
Si = the suitability of location i
Fk = the weight assigned for factor criterion k. (raster data
of k factor)
¥ = sum of the suitability of both factors criteria and union
of constraint criteria
Xik = the suitability score of location i, on factor criterion k
Cic = the suitability value of location i, on constraint ¢
IT = the product of all constraints, 1 is suitable and 0 is not
suitable.

After the implementation of equation 1, the following
sites with the different suitability values come up for the
hospital location.

Al
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Suitable site for hospital
after raster calculation

Suitable sit for bospital
after reclassication

; AN 3 _
[ Value i - High suitable =3
= 7 ;H‘;h:z ¢ @  Medumsuitable -2
Fig. 7  Suitablesitesfor the new hospital

VIl. SITE SELECTION FROM CANDIDATE SITES

After the raster calculator, there are severa sites with
high suitability, medium suitability, and low suitability.
There are 48 candidates’ sites for the hospital, in order to
have a specific site, firstly, the sites with low suitability and
medium suitability excluded. (Fig. VIII).
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t

e
Site with low and medium suitability

Sites with low suitability and medium suitability
excluded from candidate sites, nhow 10 sites with high
suitability are remaining. Asin this research type B hospital
for 200000-300000 population with 400- 600 beds
considered, then the minimum area for this kind of hospital
must be more than 12 Hectares. Therefore, the areas with
less than 12 Hectares areas exclude from candidate’s sites.
(Fig IX).
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Fig.9  Suitablesiteswith lessthan 12 Hectares
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Now 5 suitable sites with more than 12 Hectares remain.

Form these 5 areas the areas which located near to existing
hospital have excluded. If these areas named as A, B, C, D,
and E thus, site D and site C excluded due to being near to
existing Hospital. Fig. X.

land use,
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Fig. 10 = Thesuitable site near to Exist hospital

From these three remaining sites the site A according to
located near to industria areas. Because the

industry and factory have negative impacts on patients thus,
site A excluded from candidate sites. Fig. XI.
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Fig. 11  Thesuitable site near to theindustry

Site E is far from the residential areas it cannot ensure

good accessibility. On the other hand, site E as well located
near to agriculture areas. Therefore, this site excluded from
candidate sites. Fig. XI1.
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Thesuitable site far from residential areas

Site B located near to the residential areas which can
ensure accessibility. On the other hand, this site located

further from existing hospital

in contrast to site C and D.

Furthermore, this site located further from factories in
contrast to site A. In addition, this site located near to
residential area and commercia areas in contrast to site E.
Moreover, this site locates near to main road ferry-terminal

and ferry route which ensure

the accessihility. Therefore,

this site is the most suitable site from candidate sites and has

been chosen for site of hospit

al in Iskandar Maaysia. Fig.

XII1. The site located in PasirGudang region, in the neighbor
of Taman Rinting and Taman Megah Ria as well as besides
to JB East Coast Road Network. Fig. XIV.
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The selected site for the hospital in Iskandar

Malaysia
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L ocation of selected sites

Fig. 14

VIII. CONCLUSION

GlSbased MCA provides a more technological,

convenient and precise way for hospita site selection. It
combines spatial and non-spatial data to construct visualized
information that can be easily understood and analyzed by
decision-makers. By combining the factor and constraint
criteria, decision-makers can obtain very accurate solutions
for problems. In this research, the optimal site for new
hospitals allocated near to the main road, ferry route, ferry-
terminal, and high-density population areas which prove that
the result from GIS method is accurate and practical.
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