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Abstract

Background: Hospitals are one of the most important health facilities in every society. Therefore, these facilities should be located
in a rational manner. The present study aims to 1) select optimal locations for establishing new hospitals in Shiraz and 2) assess the
location of the existing hospitals in Shiraz using the geographical information system (GIS).

Methods: At first, the hospital location allocation criteria were identified through reviewing the literature. Then, the criteria were
entered into a questionnaire, which was completed by experts based on analytic hierarchy process (AHP). Afterwards, spatial raster
layers of all the criteria were created in the Arc GIS 10.3 software. Then, in order to select optimal locations for hospitals, weights of
the criteria were calculated based on AHP in Arc GIS and the weights were exerted on the relevant spatial created layers. Combination
of the layers was presented on a map. After evaluating the 33 existing hospitals’ locations based on the map, the areas located in
standard hospital service areas (1500 m) were erased from the map in order to exclude the served areas.

Results: The results revealed that ‘proximity to the main roads’ was the most important criterion amongst the whole applied cri-
teria for selecting hospital location. This study also presented 15 land parcels, located in northern part of the city, as the best lands
for constructing new hospitals. Besides, according the applied criteria in this study, none of the 33 existing hospitals were located
in the appropriate locations.

Conclusions: Considering the obtained pattern of the existing hospitals’ locations, in most of the cases, the existing location is
not good and the future hospitals must be located in more appropriate locations. The results of this study can be useful for health

policymakers to select the most suitable locations for constructing new hospitals in future.
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1. Background

Healthcare managers are commonly faced with vari-
ous problems. In most of these problems, they are sub-
jected to multiple conflicting criterias that should be con-
sidered in the decision making process. Selecting the opti-
mal location for establishing new hospitals, known as hos-
pital location-allocation, is one of these multi criteria deci-
sion making (MCDM) problems. In such problems, consid-
ering just only 1 criterion will result in ignoring other cri-
teria. For instance, considering minimizing the total cost
and maximizing the total accessibility to healthcare facil-
ities as 2 conflicting criterias, minimizing the total cost
requires reduction of the number of healthcare facilities,
while maximizing the total accessibility to healthcare fa-
cilities requires increasing the number of these facilities
(1). Furthermore, every facility should be compatible with
other neighboring facilities and land-uses. For instance,
constructing a hospital in a certain location may lead to
improvement of accessibility, while the location may be lo-

cated in a place neighboring incompatible land-uses. Such
conflicts should be considered in problem solving. In gen-
eral, solving facility location allocation problems as a com-
plex kind of spatial problems requires utilization of spa-
tial analysis methods (2). Spatial analytic hierarchy pro-
cess (SAHP) is a spatial analysis technique that combines
AHP, which is an MCDM technique, with spatial data in Ge-
ographical Information System (GIS) environment (3). The
combination of GIS and AHP has been used in various loca-
tion allocation problems including healthcare centers lo-
cation allocation (4), landfill site selection (5-7), Dam site
selection (8), etc.

Up to now, different studies have been conducted in or-
der to assess the location of healthcare facilities, such as
hospitals. Some of these studies have concentrated on as-
sessing the location of the existing hospitals in a certain
area. On the other hand, some other studies have focused
on allocating optimal locations for constructing new hos-
pitals. In the latter mentioned type of studies, some re-
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searchers have considered only 1 criterion in their deci-
sions, while other researchers (9, 10) have paid attention
to multiple criteria’s.

1.2. Study Area

Shiraz, the capital of Fars province, is one of the most
populous cities in Iran (11). Shiraz is the most developed
city in the south of Iran. Although the southern parts of
Iran are rich in oil, they are amongst the deprived parts of
the country in terms of health enjoyment. Shiraz is known
as the medical tourism pole south of the countr,and many
patients, especially those from southern parts of Iran and
foreign countries allocated around the Persian gulf, travel
to Shiraz annually in order to receive healthcare services
(12). Regarding the population growth in Shiraz and the
importance of medical tourism in Iran’s health programs,
it is essential to improve the quality of the existing health-
care services and establish new hospitals. Also, it is im-
portant to note that in terms of geography, Shiraz is sur-
rounded by mountains and it is not possible to expand the
city’s domain. Considering this limitation, health policy-
makers should select optimum locations for establishing
new hospitals in the existing space. Therefore, the present
study aims to 1) select optimal locations for establishing
new hospitals in Shiraz and 2) assess the location of the ex-
isting hospitals in Shiraz using GIS.

2. Methods

There are 2 approaches to integrate MCDM techniques
with spatial data in GIS. In the first method, multi crite-
ria evaluations (MCE) are carried out in a stand-alone com-
puter software and the results are sent to GIS using a file ex-
change mechanism. In the second method, MCE functions
that are fully integrated into GIS can be used (13). In this
study, the latter method was employed.

2.1. SAHP

SAHP, as a technique that combines AHP with spatial
data in GIS environment, has 4 main steps as follows:

Step 1: Identifying the criteria, which decision makers
are subjected to.

Step 2: Structuring the criteria in a hierarchical frame-
work (including goal, criteria, and sub-criteria).

Step 3: Calculating the weights of the criteria and sub-
criteria regarding the decision hierarchy.

Step 4: Ranking the spatial raster or polygons accord-
ing to the obtained index.

Steps 1- 3 are based on AHP developed by Saaty (14, 15).
In AHP, the criteria should first be identified. Then, the deci-
sion criteria should be broken down in form of a hierarchy.

After all, a pairwise comparison should be made between
the elements of hierarchy in each level based on Saaty’s
scale (Table1).

Table 1. Saaty’s 9-Point Scale

Intensity of Importance Definition

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong or demonstrated importance
9 Extreme importance

2,4,6,and 8 Intermediate values

In AHP, pairwise comparisons aim at the calculation
of the criteria’s weights and priorities. To calculate the
weights, the eigenvector method (Equation 1) was pro-
posed by Saaty:

AW = A\ W

Where A is the n by n comparison matrix, n is the num-
ber of items being compared in the matrix, and A is the
largest eigenvalue of A.

' kT
W = lzmk_,oom (1)

Where e' is the transpose of e=(1,1,1,...,1).

Decision makers’ subjective judgments in AHP can
lead to inconsistency in the comparison matrices (16). Yet,
the quality of a decision can be improved by identifying
the inconsistencies (17). If consistency ratio (CR) is less
than 0.1, estimation of W will be acceptable; otherwise,
the inconsistency must be improved (18) by revising judg-
ments.

CR=CI/RI

_dmazx —n

CcI p—

()

Where RI is the average consistency index for random
matrices and CI is the consistency index.

After all, the priorities of the criteria and sub-criteria
are determined based on their weights.

In this study, SAHP-based evaluation was performed via
the following steps:

Step 1: In order to find the hospital location alloca-
tion criteria, an electronic database search was conducted
via PubMed, ScienceDirect, and Google Scholar databases.
The applied keywords were ‘location allocation’, ‘site se-
lection’, ‘hospital’, ‘Geographical Information System’, and
‘healthcare organizations’. There was no limitation in
terms of applied criteria or techniques in the search strat-
egy. However, it was limited to studies published in 2011 -
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2015. Review of the literature revealed 9 criteria, including
population density, fair distribution of hospitals all over
the city, fast and easy accessibility, proximity to the main
roads, being far from airport, not being located on the river
path, being far from industrial centers, proximity to fire
stations, and land area.

Step 2: The criteria were classified into 5 main criteria
and their sub-criteria.

Step 3: All the criteria were entered into a question-
naire and 18 experts were asked to complete the question-
naire. AHP is a non-statistically based process, and was
originally developed to help a single decision maker in
the decision making process. Therefore, it can be imple-
mented with a sample size including just a single expert
or more (19). In this study, all of the experts who had ex-
perience in hospital development (at least 2 years) in the
vice-chancellery for resource development and the vice-
chancellery for treatment at Shiraz University of Medical
Sciences were asked to complete the questionnaires. The
total of experts was 18 people, including health managers,
urban planners, community medicine experts, and techni-
cal team of Shiraz University of Medical Science who take
partinselecting hospital locations (Table 2). The aim of this
questionnaire was to determine the relative importance of
the mentioned criteria.

Table 2. Characteristics of the Experts

Specialty Number of Experts Academic Degree
1 MPH
4 PHD
Health manager
1 M.Sc.
1 B.Sc.
Urban planner 5 PHD
community medicine 1 PHD
experts
1 M.Sc.
Technical team of Shiraz 4 M.Sc.
University of Medical
Sciences

Step 4: The spatial raster layers of all 9 criteria were cre-
ated in GIS as follows:

1. Population density: Population density was calcu-
lated by dividing the number of people who settled in ev-
ery census unit by the area of that unit. Accordingly, more
populated areas got higher priority compared other areas.

2. Fair distribution of hospitals all over the city: In or-
der to determine how the hospitals were distributed in the
city, the distance of every land-use from the nearest hos-
pital was calculated. To construct new hospitals, the land-
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uses that were located in further distances got higher pri-
ority compared to closer land-uses.

3. Fast and easy accessibility: In order to determine the
accessibility level, the distance of every residential land-
use from the nearest hospital was calculated. Accordingly,
people who lived in closer distances had better accessibil-
ity. Therefore, to construct new hospitals, they got a lower
priority compared to others.

4. Proximity to the main roads: at first, the roads whose
width was more than 30 m were selected as the main roads.
Then, the distance of every residential land-use from the se-
lected roads was calculated. The land-uses located in closer
distances from the main roads got priority over other land-
uses.

5. Being far from airport: the distance of every residen-
tial land-use from Shiraz airport was calculated. The land-
uses located in closer distances from the airport got lower
priority compared to other land-uses.

6. Not being located on the river path: the distance of
every residential land-use from Shiraz river (Saheli River)
was calculated. The land-uses located in closer distances
from the river got lower priority compared to other land-
uses.

7. Being far from industrial centers: the distance of ev-
ery residential land-use from industrial centers was calcu-
lated. The land-uses located in closer distances from the in-
dustrial centers got lower priority compared to other land-
uses.

8. Proximity to fire stations: the distance of every res-
idential land-use from Shiraz fire stations was calculated.
The land-uses located in closer distances from the fire sta-
tions got higher priority compared to other land-uses.

9. Land area: according to the standards of Iran’s min-
istry of health, the least appropriate area for a hospital
with 32 beds is 5000. Therefore, the lands with areas <
5000 got lower priority.

Then, the results of pairwise comparisons were en-
tered into AHP extension tools of Arc GIS10.3. After calculat-
ing the weights and CRs, the weights were exerted on the
9 layers and the layers were combined. The result of this
combination was a unique raster layer. The final layer was
classified into 5 classes based on quintile intervals. There-
fore, the Shiraz area was divided into 5 groups, including
areas with very low, low, moderate, high, and very high
potentials for constructing hospitals. Afterwards, the ob-
tained map was overlaid with the spatial layer of the ex-
isting hospitals’ locations. Accordingly, the location of the
Shiraz hospitals (33 hospitals) was assessed in terms of suit-
ability based on the applied criteria. After all, in order to ex-
clude the served areas, the areas that were located in stan-
dard hospital service areas (1500 m) were erased from the
obtained layer using network analysis and erase tools in
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Arc GIS. Network analysis is a spatial analysis technique to
calculate distances between 2 points using network data,
such as roads network. The final result was another map
that indicated the priority of Shiraz deprived areas for es-
tablishing new hospitals. In the following, among the
most appropriate areas, the most appropriate land parcels
were selected based on 4 main characteristics, including:
a) earth’s tilt < 0.05, b) being non-residential, c) land area
> 5000, and d) located in proximity to the main roads.

It should be mention that the applied questionnaire in
this study was approved by Shiraz University of Medical Sci-
ences in terms of ethics. Furthermore, the experts had the
option to fill the questionnaires or not. In addition, con-
fidentiality and privacy of information was maintained in
all steps of this study. Besides, an ethical commitment was
given to the Municipality Organization of Shiraz for giving
them a copy of results.

3. Results

Review of the literature revealed 9 criteria, including
population density (20, 21), fair distribution of hospitals all
over the city (21), fast and easy accessibility (22), proximity
to the main roads (21), being far from airport, not being lo-
cated on the river path (23), being far from industrial cen-
ters (4, 23), proximity to fire stations (24, 25), and land area
(26). The results of calculating the criteria’s weights have
been presented in Table 3. As the table depicts, the calcu-
lated CRs for all created matrices were less than 0.1. There-
fore, there was no need for revising the questionnaires by
the experts (18). Moreover, ‘Proximity to the main roads’
(0.2234) got the first priority.

The results of prioritizing all areas of the city in terms
of their potentials for constructing new hospitals have
been presented in Map 1-A. In addition, the results of pri-
oritizing limited access areas of the city in terms of their
potentials for constructing new hospitals have been pre-
sented in Map 1-B.

Among the most appropriate areas (areas with very
high or high potential), 159 land parcels were identified as
the appropriate lands (Map 2-A). The area of the appropri-
ate lands were between the ranges of 5005.8 to 559521.4. Of
these, 15 land parcels were located in the areas with very
high potential. Therefore, they were determined as the
best lands. The 15 best lands were located in the northern
part of the city (presented in pink, Map 2-B).

The results of overlaying the spatial layer indicating
the existing hospitals’ locations with Map 1-A have been
presented in Table 4. The results revealed that with respect
to the applied criteria, none of the existing hospitals were
located in areas with high or very high potentials (Figures
1and 2).

4. Discussion

Managing healthcare resources in an appropriate and
efficient way, can improve access to health services and re-
duce health care costs (27). Hospitals, as one of the most
important organizations, play a vital role for preserving
and promoting individuals’ health in every country. Re-
specting this vital role, it is so important to select a proper
site for constructing new hospitals. The lack of compre-
hensive planning and management in selecting appropri-
ate location for hospitals can lead to unpleasant conse-
quences such as reducing access to hospitals, enhancing
the time of rescue, enhancement in expenses for both gov-
ernments and patients, as well as reducing patient satisfac-
tion. Therefore, paying attention to select proper locations
for hospitals based on scientific principles is a necessary
task for policymakers. Unfortunately, in most of the cases,
especially in developing countries, hospital site selection
isnot based on scientific criteria. Iran is not excluded from
this situation. Shiraz is one of the biggest cities of Iran.
The ever increasing population of Shiraz amplifies the de-
mand for establishing new hospitals. However, up to now,
no comprehensive studies have been conducted on differ-
ent aspects of hospital location selection in Shiraz. One
of the bold attributes of the present study was focusing
on different aspects that should be considered in select-
ing appropriate sites, such as population characteristics,
accessibility, equity in distribution, compatibility and in-
compatibility with other land-uses, as well as quantitative
characteristics such as land area. Based on the results of
the AHP analysis, ‘Proximity to the main roads’ (0.2234)
got the first priority. This was followed by ‘population
density’ (0.1986), ‘proximity to fire stations’ (0.1710), ‘land
area’ (0.1395), ‘fair distribution all over the city’ (0.0910),
‘not being located on the river path’ (0.0691), ‘fastand easy
accessibility’ (0.0440), ‘being far from airport’ (0.0406),
and ‘being far from industrial centers’ (0.0226) (Table 3).
The results also revealed that southwestern, western, and
northwestern areas of Shiraz had more appropriate poten-
tial for new hospitals compared to other parts of the city.
Accordingly, the best locations were in zones 2 and 10 (lo-
cations with very high potential, presented in blue in Map
1-B).In addition, the majority of highly potential areas were
located in zone 10 followed by zone 9 (presented in gray
in Map 1-B). On the other hand, the majority of areas with
very low or low potentials (presented in dark brown and
brown, respectively in Map 1-B) were located in zones 1, 3,
6, and 7. Finally, the majority of areas with moderate po-
tential (presented in yellow in Map 1-B) were dispersed in
southern and western parts of the city. In the following,
this study presented 15 land parcels that are completely
in accordance with the applied criteria in this study (Map
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Table 3. Hospital Location Allocation Criteria’s Weights Based on AHP*

Main Criteria Criteria’s Weights CR Sub-Criteria Sub-Criteria’s Synthetic Weights Priority
Weights
Population 0.1986 Population density 0.1986 0.1986 2
Fair distribution all 0.6743 0.0910 5
over the city
Accessibility 0.1351 0
Fastand easy 03257 0.0440 7
accessibility
Road network 0.2234 Proximity to the main 0.2234 0.2234 1
roads
Being far from airport 0.307 0.0406 8
Incompatibility 0.1324 0.0128 Not being located on 0.5221 0.0691 6
the river path
Being far from 0.1709 0.0226 9
industrial centers
Compatibility 0.1710 Proximity to fire 0.1710 0.1710 3
stations
Land specifications 0.1395 Area 0.1395 0.1395 4
Consistency Ratio (CR) = 0.
Table 4. Suitability Level of Shiraz Hospitals’ Locations Based on the Applied Criteria
Hospital ID Hospital Ownership Location Suitability Hospital ID Hospital Ownership Location Suitability
1 Governmental Low 18 Non-Governmental Very low
2 Governmental Low 19 Non-Governmental Low
3 Non-Governmental Very low 20 Non-Governmental Very low
4 Governmental Very low 21 Governmental Very low
5 Governmental Moderate 22 Governmental Very low
6 Non-Governmental Moderate 23 Governmental Low
7 Non-Governmental Very low 24 Governmental Low
8 Governmental Moderate 25 Non-Governmental Very low
9 Governmental Very low 26 Non-Governmental Low
10 Governmental Low 27 Governmental Low
1 Governmental Very low 28 Non-Governmental Low
12 Governmental Low 29 Non-Governmental Low
3 Non-Governmental Low 30 Governmental Low
14 Governmental Low 31 Non-Governmental Low
15 Governmental Very low 32 Governmental Very low
16 Non-Governmental Low 33 Governmental Low
17 Non-Governmental Low

2). All parcels were located in in northern part of the city.
In a previous study carried out in zone 5 in Shiraz (26),
researchers considered 4 criteria, namely distance from
other hospitals, population density, distance from arterial
roads, and location size. These 4 criteria were a subdivision
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of the applied criteria in our study. In another study per-
formed in Dhaka (23), researcher employed 5 criteria; i.e.,
distance from existing hospitals, main roads, industries,
educational institutions, and water bodies. Among these
criteria, distance from existing hospitals, main roads, in-
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Figure 1. Suitability Level of Shiraz Areas for Establishing Hospitals Based on the Applied Criteria

dustrial centers, and water bodies were the same as those
applied in our study. Another study carried out in Ard-
abil (25) considered 13 criteria. Among those criteria, 6
(distance from fire stations, existing hospitals, main roads,
and industrial centers, population density, and accessibil-
ity (distance from residential land-uses)) were similar to
the applied criteria in the present study. In another study
conducted in Benghazi to select the optimal location for
new hospitals (28), 3 of the used criteria; i.e., access to road
network, location size, and fair distribution in different ge-
ographical regions, were consistent with those utilized in
the current study.

The suitability level of the existing hospitals’ locations
was also taken into account in the present study. The re-
sults revealed that 93.75% of the existing hospitals were
located in areas with inappropriate potential and 6.25%
were located in areas with moderate potential. However,
none of the hospitals were located in areas with appropri-
ate potentials (Table 4). Situation of existing hospitals has
been assessed byvariousresearchers in different countries.
Most of these studies, such as those conducted in Michi-
gan, New Zealand, and Ireland (29-31), have only focused
on population accessibility and equity in access. However,

in addition to accessibility, the present study researchers
considered other important criteria in assessing hospitals
location.

It can be noted that in most of the cases, the hospital
lands in Shiraz were an endowment. In addition, shifting
existing hospitals’ locations to other places is not cost ef-
fective. Therefore, the present study recommends to pol-
icymakers to pay more attention to necessary actions for
preparing hospitals’ location in future. Overall, the re-
sults of the current study can help healthcare policymak-
ers make more efficient decisions. Considering the fact
that none of the existing hospitals were located in lands
with appropriate potential, policymakers are required to
pay special attention to these locations and make essen-
tial measures. The present study recommends to policy-
makers to give priority to establishing new hospitals in ar-
easwithoutstandard accessibility over areas with standard
accessibility based on Map 1-B. It is also crucial to use sci-
entific hospital location allocation criteria and regard to
their priorities based on experts’ opinion. The results of
this study (presented in Table 3) can help policymakers be-
come a valuable tool. Besides, they should try to reserve ar-
eas with appropriate potential for constructing hospitals

Shiraz E-Med |. 2017; 18(8):e57572.
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than constructing other facilities. It is also recommended =~ Acknowledgments

to health authorities to use GIS to make sure that other
health resources are spent in appropriate locations.

4.1. Conclusions

As already mentioned, an optimal location-allocation
is a process that evaluates facilities’ location in terms of
various criteria. Evaluating population accessibility and
compatibility of healthcare facilities with other neighbor-
ing land-uses are 2 of the most important criteria in se-
lecting the best locations. In addition to the 2 above-
mentioned criteria, the present study focused on other im-
portant criteria, including population density in different
areas, area of lands according the standards of Iran’s min-
istry of health, and proximity to road networks. Better ac-
cessibility can save patients’ traveling time to hospitals in
emergency situations, reduce traveling costs, and improve
equity in health. Indeed, paying attention to compatibility
criteria can result in increasing patient satisfaction due to

elimination of the destructive effects of facilities, such as
noise pollution.
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