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Abstract. Providing appropriate and equal healthcare to the various classes of so- Article details:
ciety is among the major issues in social welfare. The spatial distribution and lo- ReceiYed: 02 October 2017
cating of health service centres are significant in addressing the healthcare needs Revised: 26 January 2019
o\ . . o o Accepted: 17 February 2019
of citizens. This issue needs to be evaluated using quantitative and qualitative ap-
proaches throughout those cities with high populations and activity density levels.
By taking Isfahan metropolitan area as the case study area, in this study, a combi-
nation of Network Analyst tool within Geographic Information System (GIS) and
an Analytic Hierarchy Process (AHP) model was used to evaluate the catchment
areas of the 26 existing hospitals within the study area. Thus, with effective data
collection in the form of layers of information such as transportation network,
population density, land use, etc. using (GIS), the authors categorised urban land
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in seven categories from poor to very good for the construction of hospitals. The spatial analysis,
result of analysis indicated that existing hospitals covered approximately 24% of hospital,
active urban areas within a standard access time. The result can be used for pol- Isfahan

icy making and healthcare planning.
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1. Introduction

1.1. Statement of problem

The high concentration of population in urban ar-
eas increases the potential of urban crises and risks
such as earthquakes, fires, car accidents, work-re-
lated incidents, food poisoning and various diseas-
es. In this regard, planners are trying to present an
appropriate model for allocating land to urban land
uses and appropriate locating of such uses to im-
prove human safety and welfare in the urban area
and to provide a better life therein (Valizadeh, 2005:
7). Since aid uses perform vital functions, they are
of special importance compared to other urban ser-
vices (Nazarian and Karimi, 2009: 5). Health and
treatment as an aid use are among the most sen-
sitive indicators in relation to sustainable urban
and regional development and, given its close rela-
tionship with human health, it deserves special at-
tention in urban and regional planning (Bahrami,
2008: 5). Health resources and services should be
available to all people equally and fairly (Baghiani
Moghadam and Ehrampoush, 2004: 47). However,

in terms of the fair spatial distribution and location
of healthcare services in order to provide fair and
quick access to them in a timely and convenient
manner some problems are evident (Ebrahimzade
et al.,, 2010: 40). This is because access to medical
services for emergencies and life-threatening con-
ditions is a vital expectation of the public in many
communities (Nasiripoor et al., 2009: 140). In par-
ticular, in Iran, where due to the specific conditions
and natural and other disasters and incidents, many
lives are threatened in such emergencies, more at-
tention is required in this regard (Sahibzada and
Bagheban, 2006: 104). That is because the speed of
service provision in medical service centres, espe-
cially in emergency wards, is essential in reducing
mortality and disabilities (Zohoor and Pilevarzadeh,
2003: 413). It is vital for patients to reach health-
care centres quickly, which reduces the probability
of casualties (Azizi, 2004: 133).

One of the major issues in social welfare is the
provision of appropriate and equal healthcare for
different classes of society. In addition to its impor-
tance, this issue is complex due to the multiplicity
of its dimensions and effects, so administrators and
managers are faced with major and complex deci-
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sions in this regard. Observations suggest that peo-
ple who have settled in poor urban areas due to
their poor financial ability have more limited access
to healthcare services as a result of an increase in
spatial and social inequalities (Sharifzadegan et al.,
2010: 2; Soltani, and Maranadi, 2015: 33). Thus, site
selection for hospitals and centres should be based
on criteria and standards and existing realities and
take into account the urban context and the struc-
ture of the transportation network. This way, they
can cover all urban areas with respect to standard
spatial and temporal distance. This study attempts
to use a Geographic Information System (GIS) and
network analysis method to evaluate the spatial dis-
tribution of and access to the hospitals in Isfahan
metropolitan area. A combination of GIS and Ana-
lytic Hierarchy Process model (AHP) was used for
optimal hospital site selection at the city level and
an attempt was made to provide a good model to
improve the present situation.

1.2. Research objectives

Several scholars have discussed the issue of health-
care in the global context (Gotata and Kuropka 2018,
Ingwe 2012). Based on the 1999 Human Develop-
ment Report by the United Nations, health status
is one of the three criteria for assessing the devel-
opment of countries around the world. One of the
main criteria in the promotion of community health
is that of increased citizen access to healthcare ser-
vices. Hospitals, as a type of healthcare facility, are
of especial importance. When acute conditions for
patients start, the speed of access to health care is
the difference between their survival, serious inju-
ry or death. Usually, delay in the transfer of patients
to medical centres for reasons such as traffic, poor
access network, the unsuitability of many passages
for emergency vehicle traffic, and low speed of vehi-
cle traffic on the network cause patients irreparable
damages. Therefore, urban planning, especially in
the area of transportation network structure, should
apply more sensitivity regarding the location of
quick and convenient access to emergency centres
and hospitals in accordance with standards and cri-
teria, so that these facilities can be used as soon as
possible and without facing barriers and limitations
in the urban environment. Given the metropolis of

Isfahan’s population and building density increasing
the risk of disease, incidents, and crises, this study
aims at a quantitative and qualitative evaluation of
hospitals in Isfahan according to the standards and
regulations in order to provide an optimum model
for their site selection and fair spatial distribution.

1.3. Literature review

Providing healthcare services in urban areas has a
long history, but literature is lacking in the area of
site selection and distribution of healthcare centres.
To the researchers’ knowledge, such studies go back
to the 1970s. In 1979, the UK Department of Health
and Social Security gave attention to the strategic
development of healthcare centres, after which,
studies began in this area. This line of research was
followed in Austria in 1980-1982. The idea of site
selection of private hospitals was proposed by Les-
lie Mayhew of Birkbeck’s College in London, who
tried to develop a spatial model to predict patient
flows to hospitals based on results from changes in
supply and demand for non-hospital services (Azizi,
2004: 10-11). A number of studies related to site se-
lection for health centres are reviewed here. Ibrahim
and Graham (2003) used the site selection model
for maximum coverage of the Saudi Red Crescent
in Riyadh. Evance (2004) emphasised the role of
GIS in disaster management as related to the op-
eration of emergency centres and stated that not
only can GIS reduce damage at the time of acci-
dents, but it can also help with finding optimum lo-
cations for effective emergency centres, and this in
turn increases high efficiency during a crisis. Cheng
and Huang (2007) investigated optimal site selec-
tion for Taiwanese hospitals to ensure a competi-
tive advantage using AHP and Sensitivity Analysis.
Zarei (2010) studied the spatial analysis and loca-
tion of urban services in Nurabad using GIS and
discussed the location of hospitals as part of the
study. Qeisari et al. (2007) tried to identify candi-
date locations for establishing emergency facilities
with minimum cost after specifying demand points
on the network. In this regard, they used a genet-
ic algorithm which follows location-allocation and
the problem of P-Median. After analysing the fac-
tors affecting the placement of EMS centres using
GIS and network analysis in the 6th district of Teh-
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ran, Shabani (2005) provided recommendations re-
garding the location of EMS centres. Jamali et al.
(2014) evaluated the pattern of hospital locations in
Tabriz. Yaghfoory et al. (2014) studied the optimal
locations for healthcare centres in the 3rd district
of Zahedan using GIS after urban land use plan-
ning. The purpose of the present study is to take
advantage of the above experience, information and
methods to study the spatial distribution and loca-
tion pattern of hospitals in Isfahan.

1.4. Methodology

Providing appropriate and equal healthcare to var-
ious classes of society and optimum spatial distri-
bution and the equitable locating of health services
is among the major issues in social welfare. This is
because optimum spatial distribution and equita-
ble locating of health services allow users to access
health services and improve the spatial distribution
of hospitals based on the related standards and reg-
ulations. Evaluation of urban land for locating new
hospital is necessary. Due to the high population
and density in the metropolis of Isfahan, the meth-
odology used in this paper is descriptive-analytical
and of an applied kind, and has adopted a system-
atic approach to the issue based on theoretical in-
formation and geographical data (location-space,
documents, field investigations, and 1:2,000 maps
of Isfahan). The data were collected using the doc-
uments, field notes, and the existing maps in the
city of Isfahan. First, in designing the passages net-
work of the city of Isfahan, completing it with the
required information and digitising in the GIS en-
vironment using the network analysis model, the
status quo of services and performance of each
hospital at the city level was analysed. Subsequent-
ly, based on that and the Index Overlap model (I0)
and AHP, suitable locations for the construction of
new hospitals were identified after going through
the stages of entering the necessary information lay-
ers and managing, analysing, processing, valuating,
weighting, and combining them.

1.5. Research area

A. Isfahan has a longitude of 51°39'40"E and a lati-
tude of 32°38'30"N. It is 1,570 metres above sea lev-
el. Isfahan is the centre of Isfahan Province with an
area of about 512 km” on a plain of Zayandehrud’s
alluvium on the eastern Zagros Mountains (Omra-
ni, 2005: 31). Map. 1 shows the location of Isfahan
in the country, the province, and the city region.

2. Principles and concepts

2.1. Theoretical background

The city has long been not only a symbol of crea-
tion, but also a symbol of terror and fear, because
irregularities in atmospheric conditions, as well as
earthquakes and fires, have occasionally destroyed
towns and homes (Shakuie, 2004: 231). The geo-
graphical region of Iran is among the world’s most
vulnerable places to probable disasters, particular-
ly earthquakes. Every year, the occurrence of these
events causes great losses of life and property in ru-
ral and urban areas (Taghvaei and Azizi, 2008: 19).
Therefore, urban planners have sought to develop
and explore solutions that secure the health and
welfare of citizens. According to Article 29 of the
IRI Constitution, improving health status and pro-
viding health services with timely and easy access to
them, is a universal right of all and is one of the as-
pects constituting social and economic development
(Monfaredian Sarvestani, 2007: 13). Hospitals and
healthcare centres are among the utilities that have
to meet the emergency needs during and in the af-
termath of disasters (Taghvaei and Azizi, 2008: 166).
In the system of medical emergency services, two
factors should be examined regarding the lack of ap-
propriate performance: (a) the distance between the
centre and the incident site; and (b) the time need-
ed to access the incident location (Bahrami, 2009:
67). Thus, experts believe that one of the essential
conditions for the success of medical emergency
centres is to increase the geographical distribution
and the number of hospitals and emergency centres
to the extent that such services can reach patients
in the shortest time possible (Taghvaei and Azizi,
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Fig. 1. Location of Isfahan in the country, province and city region

Source: authors

2008: 107). On the other hand, the establishment of
an urban element in a specific spatial-physical loca-
tion is subject to certain principles and mechanisms
that, once observed, can increase the performance
of the element in the specified location (Roostaei et
al., 2011: 46 and Hadiani and Kazeminezhad, 2010:
99-100). In the systems approach from the func-
tionalists’ point of view, parts and the whole take
their meaning in relation to each other (Latifi, 2006:
24). Thus, since the main purpose of planning is
the physical organisation of the city based on so-
cial justice, efficiency and quality of environment,
proper site selection for activities has particular im-
portance (Taghvaei et al., 2010: 101). Determining
proper locations for the establishment of various ur-
ban uses depends on many factors (Zebardast and
Muhammadi, 2005: 8). Usually, the site selection for
urban elements, especially for-profit ones, follows
economic mechanisms and free competition rules.
However, not-for-profit elements cannot be entire-
ly subject to economic mechanisms, but it is nec-
essary to compensate for market inefficiencies via

decisions and policies based on public interest. This
applies to public services such as public healthcare
units (Yekanifard, 2001: 61). Therefore, in order to
ensure human health, which is at the core of sus-
tainable development, it is necessary that all hospi-
tals and healthcare centres be evaluated and revised
with respect to location and design (Taghvaei and
Azizi, 2008: 22). In this study, to investigate the lo-
cation of hospitals in Isfahan, due to the sensitivi-
ty of the issue and the fact that a large volume of
information on spatial-locational aspects has to be
collected, combined and analysed for proper eval-
uation of the contributing factors, a combination
of location-based and multi-criteria models can
be helpful. GIS, which was created for the purpose
of storing, retrieving, changing, analysing and de-
signing data (Richard 2002, 541), is widely used as
part of information technology by organisations re-
sponsible for health management at global, nation-
al, regional and local levels (Zare et al., 2006: 47).
The application of this system for site selection and
helping accessibility is obvious (Masoomi and Fa-
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rajzadeh, 2006: 195) and can be used to locate op-
timal hospital sites.

2.2. Research models

2.2.1. Network Analysis

Connectivity functions are used in GIS analysis and
include network analysis and proximity functions.
In proximity functions, due attention is not paid to
the passages and access network; therefore, buffer-
ing analysis results do not have a high degree of
confidence (Modiri, 2005: 56). In network analysis,
streets and passages that play a vital and fundamen-
tal role in transportation within a city are used as
linear features; therefore, the results of the analysis
have a higher degree of validity compared to those
of spatial analysis.

2.2.2. Index Overlap model (IO)

The combination of different information layers in
GIS is known as Overlay. In this model, different
effects in different classes receive different weight-
ings to create a flexible combination of maps cov-
ering a range of numbers. In addition to weighting
units in any information layer, each layer is weight-
ed in the site selection according to its importance
(Tajik, 2009: 66).

2.2.3. The Analytic Hierarchy Process (AHP)

AHP is one of the most efficient techniques for de-
cision making, and was first developed by Thom-
as L. Saaty in 1980 (Poorghayoomi, 2010: 39). The
method involves a series of two-on-two compari-
sons in order to make the appropriate matrix. The
matrix receives a number of pair-wise comparisons
as input and produces the desired weights as out-
put (Malczewski & Ogryczak, 9991: 7). For this rea-
son, in this study, this model is used to evaluate
parameters and alternatives and select the appro-
priate location.

3. Results and Discussion

3.1. Evaluating the status quo of Isfahan hos-
pitals and determining their catchment
area

There were 26 hospitals in the city of Isfahan, most
of which had emergency services wards. Those
hospitals have been built in an area of 316,000 m>.
There are also 23 health clinics in the city. A com-
parison of the number of hospitals and clinics in the
14 areas showed that area 1 had the highest num-
ber of hospitals (eight hospitals). Areas 2, 11, 12, 13
and 14 had no hospital (Table. 1)

Area 3 had the highest number of clinics (six)
and areas 2, 8, and 14 had the lowest (no clinics). A
comparison of hospital areas shows that with three
hospitals, area 5 has the maximum area of hospitals
among all city areas. This is even more than that of
area 1. That is, the total hospital area in city area 5
is nearly three times that of area 1, which has eight
hospitals. As can be seen, there was no balance in
the distribution of hospitals and hospital area in
the city, so that the highest density of hospitals was
around the old town, especially in areas 1 and 3. The
catchment area of the hospital across the city is the
area that can be covered by its emergency services
within a specified standard time. The standard re-
sponse time for an emergency vehicle (ambulance)
is 3 minutes according to international standards
(Bahrami, 2008: 75). Based on an average speed of
30 kilometres per hour, this radius is considered to
be between 1.5 to 2.5 km (Arse Consulting Engi-
neer, 1996:1). However, this distance depends on
factors such as the urban fabric, the structure of a
transportation network, and traffic conditions, and
can be less or more than the value stated above.
Therefore, to determine the catchment area and
range of services in international standard time
(3 minutes), Find Service Area in network analy-
sis model was used. First, a network of all trans-
portation paths of Isfahan was prepared based on
actual traffic directions. Then, after creating topol-
ogy in Arc Map, other network information such as
street type (arterial, collector and distributor and lo-
cal access), length and width of passages, direction
(one-way, two-way, impasse), traffic volume, average
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Table 1. Distribution of health facilities in different areas of Isfahan based on the 2001 population

Hospital

Area Numb.er of Nun.lb.er of beds Physiciz}ns Nurse§ Area of
Hospitals clinics per capita per capita per capita healthcare uses
Area l 8 3 68.48 234.00 170.08 56,319
Area 2 0 0 - - - 41
Area 3 4 6 231.43 630.22 242.50 73,468
Area 4 2 2 191.77 2048.06 721.15 49,614
Area 5 3 1 136.35 796.59 347.78 145,309
Area 6 2 2 623.09 2,644.69 1,190.11 11,330
Area 7 3 3 522.81 2,226.54 1,819.77 14645
Area 8 1 0 1,608.85 13,790.14 3,575.22 11,776
Area 9 1 1 154.34 8,045.13 4,022.56 11,895
Area 10 2 2 1,318.61 5,713.97 6,122.11 15,925
Area 11 0 1 - - - -
Area 12 0 2 - - - -
Area 13 0 1 - - - -
Area 14 0 0 - - - -
Maximum 8 6 1,608.85 13,790.14 6,122.11 145,309
Mean 1.85 2.9 539.5245 4,014.3696 2,023.4758 39,032.24
Minimum 0 0 68.48 234.00 170.08 41

Source: Nastaran (2001: 226) and the authors’ calculations

speed, and intersections and limitations were add-
ed and the spatial relationship between the network
lines was created. Time periods for every passage
were calculated based on which the catchment area
of every hospital in the city was specified. Figure 2
shows the distribution and catchment area for the
hospitals based on the global standard of 3 minutes
and 5 minutes. With respect to a catchment area of
3 and 5 minutes, it is observed that a wide range of
the west, north west, South, and south west of Is-
fahan is outside the catchment area covered by ex-
isting hospitals. Table 2 shows the area covered by
hospitals. The 3-minute service area of Isfahan hos-
pitals was 84,067,249 m?, of which 32,864,641 m®
is shared between hospitals. Therefore, their useful
coverage was 89,834,222 m®. Given the area of Is-
fahan, it can be said that 32.19% of the city area
is covered by standard catchment area of existing
hospitals (Table. 2). Thiessen Polygon Analysis was
used to find the level of performance of existing
hospitals (Fig. 3).

3.1.1. Structural and non-structural analysis of Is-
fahan hospitals and their vulnerability

Analysis of the structural status of hospitals was
done in terms of building skeleton, construction
date, structural quality, quality of materials used in
construction, configuration and access to hospital
facilities.

3.1.1.1. Type of building skeleton and the structural
quality of hospitals in Isfahan

Type of building materials, resistance, structur-
al properties and architecture of building relate to
land type and the seismic properties of the region,
and affect the level of vulnerability to natural dis-
asters. The disproportion between regional vulner-
ability and quality of building materials (in terms
of the structural characteristics that provide resist-
ance against natural disasters) significantly increases
the extent of damage and vulnerability (Nateq Ela-
hi, 1998: 110). Our evaluation of the 26 hospitals in
Istahan showed that a significant number of those
hospitals were made of brick and other materials
that were vulnerable to natural disasters (Table. 3).
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Fig. 2. Distribution and catchment area of hospitals based on the global 3-minute and 5-minute standard

The study of the structural quality in hospital
facilities (Nateq Elahi, 1998: 110) shows that 32%
of hospitals had poor structure, 40% had average
structure and only 28% had good structure (Ismail-
ian, 2011: 191).

3.1.1.2. Quality of materials used in hospitals

Evaluation of the quality of materials used in hospi-
tals (Nateq Elahi, 1998: 111) also indicates that ten
hospitals in the city had less strong materials and 16
hospitals had strong materials (ibid).

3.1.1.3. Access to hospitals

The problem of evacuating patients and staff and
hospital population from the building in the event
of earthquakes and other natural disasters is also
important. In fact, due to the failure of the lift af-
ter earthquakes, stairs and corridors constitute an
emergency exit route. Various events might occur
to the stairs, such as the breakdown of walls on

both sides, blockage and so on. Experience shows
that, in earthquakes, doors become stuck in their
frames and cannot be opened. Since hospitals usu-
ally have small rooms with doors, it is easy for cor-
ridors and hallways to become blocked. The canopy
and corridors will easily collapse and block the pas-
sage. The destruction of the hospital in addition to
its losses creates a legal responsibility towards the
victims. The above problems are caused by lack of
attention to proper design and earthquake safety
measures and stress the importance of principles
of safety in hospital design (Ameriuon, 2002: 5).
Analyses showed that access to the hospital facil-
ities was weak in ten hospitals of Isfahan (Ismail-
ian, 2011: 193).
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Fig. 3. Distribution and catchment area of hospitals in Isfahan using Thiessen polygons

3.1.1.4. The crisis management system in Isfahan hos-
pitals

Crises caused by natural disasters have significant
effects on society. Health centres play an important
role in crisis management. The organisation and
management of health centres in the event of dis-
asters are of considerable importance. Convenience,
comprehensiveness, functionality, and attention to
the hospital’s main structure are among the main is-
sues necessary for developing a comprehensive cri-
sis management programme for hospitals. Plans for
emergency admissions, hospital transportation sys-
tem design, operational definition of the roles of in-
dividuals in each group, training programmes, plans
for rapid discharge, physical space for screening and
triage, and protection of hospital staff and patients
are among the principles of dealing with crises (Na-
teq Elahi, 1998: 112) (Table. 4).

According to Table 5, the 25 hospitals studied

were evaluated as good in terms of internal
tasks and development of a plan and average
to very poor in terms of other variables. The
developed plan of rescue only existed in the
form of diagrams in most organisations, and
was not clearly defined (Ismailian, 2011: 196).

3.1.1.5. The status of operational information in hospi-
tals

To assess the vulnerability level and to design an
emergency plan to prevent and mitigate the effects
of natural disasters, it is necessary to recognise and
evaluate the operational information of hospitals.
This information includes explaining and clarify-
ing the current situation of rescue equipment in
the centre and their vulnerability. The existence of
screening and triage space in hospitals, and organi-
sational information such as information on the sta-
tus quo of human resources, financial and material
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resources, objectives, visions and strategies of other
organisations and hospitals, legal frameworks, cur-
rent technical and economic programmes and staft
training programmes, were also studied (Nateq Ela-
hi, 1998: 511). The results showed that knowledge
of the stock of other hospitals was poor and very
poor in the majority of facilities; only nine hospi-
tals had a good presence of screening space; and
only seven hospitals had a good condition regard-
ing rescue equipment and vehicles (Ismailian, 2011:
201) (Table. 6).

3.2. Placement of a new hospital

To find the optimal location of new hospitals in
Isfahan, it was essential to investigate the various
abilities of urban spaces in terms of availability of
suitable and sufficient land and its connection with
the network of streets and other urban facilities
and to identify the areas where such services were
needed. Because of the large volume of information
required to locate the hospitals, and given the spa-
tial-locational properties of the data, spatial analysis
tools such as GIS and multi-criteria decision-mak-
ing models such as AHP were used. The procedure
is as follows.

3.2.1. Identification of factors affecting site selec-
tion

Identification and selection of factors that influence
site selection is an important stage of research (Fa-
raj Zadeh, 2005: 91); therefore, to find the optimal
location for hospitals, an attempt was made to iden-
tify different parameters and indicators affecting site
selection and to evaluate them in terms of the fol-
lowing layers: (1) transportation network, (2) exist-
ing healthcare centres, (3) land use, (4) population
density, (5) distance from industrial centres, (6) dis-
tance from existing fire stations, and (7) distance
from urban green spaces.

3.2.2. Valuation of data layers

Valuation of data layers includes weighting informa-
tion layers according to their importance and im-
pact on site selection. In this study, the AHP model

was used for the valuation of these layers. In this
method, the weighting of criteria is done in Expert
Choice. The procedure is as follows.

A. Creating a pair-wise matrix: an underlying
scale with values from 1 to 9 is made to rate the
relative preferences for two items. In this matrix,
if alternative A has double preference over B, then
B has half priority compared to A. Comparison of
each criterion with itself gives a score of 1 (equiv-
alent priority). Therefore, 1 is assigned to all ele-
ments on the diagonal of the pair-wise comparison
matrix (Mahmoodzadeh, 2010: 92).

B. Calculation of criteria weighting: This stage
includes the following operations: a) adding up the
values of each column of the pair-wise comparison
matrix; b) dividing each element of the matrix by
its column total (the resulting matrix is called nor-
malised pair-wise comparison matrix); (c) comput-
ing the average of the elements in each row of the
normalised matrix. These averages will give an es-
timate of the relative priorities of the elements be-
ing compared. Table 7 shows the matrix created for
the selection of emergency centre sites.

C. Assessment of the consistency matrix: At
this stage, the consistency of judgments will be de-
termined. This involves the following operations: a)
determining the total weighted vector by multiply-
ing the weight of the first scale in the first column
of the main binary comparative matrix, then mul-
tiplying the second scale in the second column, the
third scale in the third column of the main matrix
and, finally, finding the sum of these values; and b)
determining the consistency vector by dividing the
weight vector by the scale weights which were pre-
viously specified. Now that the consistency vector
has been calculated, we need to calculate the values
of A and consistency index (CI). The value of \ is
the average of consistency vector values. IC calcu-
lation is based on the fact that A is always equal to
or greater than the number of items under consid-
eration (n). The case of n=\ occurs when the pair-
wise comparison matrix is consistent. Therefore, A
- n can be an indicator of a level of consistency de-
termined as follows:

CT =

A=

fi=1 1)

Cl is an indicator of deviation from consistency.
Consistency Ratio (CR) can be calculated as follows:
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Table 2. Hospitals in Isfahan and their service areas

Hospital name Fixed Address Field of activity 3-n'11nute 5-rr.unute Thfessen
bed service area servicearea service area
Alzahra 950 Soffe Boulevard General 4,112,972 10,647,937 30,848,052
Soffe St., across
Baharestan 60 from Alzahra General 1,794,349 7,361,975 17,270,667
hospital
Shariati gso ~ Chahar fi agh Bala General 3,499,202 10,182,227 4,852,207
Sepahan 120 Mir St. General 3,621,909 10,886,285 4,683,304
Sadi 120 Sadis Bustan, General 3,401,362 10,916,883 3,087,524
Seyed Al Khodaverdiave  Hematology and
eyed Al- 130 ayam st CMATOIOBYANE 5514761 8,776,075 32,763,367
Shohada 1liafsh_alc)h_ ve. Oncology
. . elezi bridge,
Shagd BIebheshtl 180 Motahari St. Gynecology 3,598,380 11,138,253 835,227
19a-Ibi- 261 Shams Abadi St. General 3,480,340 10,825,337 1,679,692
Maryam .
Ostandari St.
Noorand Ali next to Shahid General 3,690261 11,088,656 2,173,923
Asghar Dastgheyb
ShBoul Vzciir'dSt
Sina amsabadi St General 3,654,686 10,236,632 979,821
Palace crossroad
Mehregan 40 Sheikh Baha'l St. General 4,161,655 11,355,794 467,694
Sheikh Baha'l
Isfahan Clinic 50 St. Ordibehesgt General 3,982,806 10,966,584 549,754
Avatollah intersection
Iz:sﬁasi 394 Kashani St. General 3,730,752 11,353219 23,212,621
. Taleghani St.
Ahmadiyya 40 Mirdamad St. General 3,377,033 10,925,570 2,615,075
Amin 152 Ibn Sina St, General 3,396,831 10,789,215 3,299,105
Qods Square
Feiz 172 - beginning of Ophthalmology 4,079,281 11,823,130 1,483,678
Modarres St.
ods Square
Jorjani 35 - beginning of General 3,909,511 11,387,355 3,994,624
Zseinabi}el gtT Obstetri d
Askariye 100 OTOOSH St SEHICS ANC 11 008,510 11,827,493 3,972,047
I M Askariye Ave. Gynecology
mam Musa
Kazim (PBUH) 120 Kéveh.St. Burns 3,430,343 10,144,964 24,611,227
Zeinabieh,
Zahra (PBUH) 6o ‘yatollah Ghaffari General 3,492,963 10,330,373 23,765,831
St., across from
Imam town
Kaveh highways,
Gharazi 256 after Malekshshr General 3,691,607 10,787,879 51,420,525
B intersec iorslt
Chamran 192 OZOTEMENISL, o) diovascular 289,426 3,340,285 5,604,398
Salman Farsi Ave.
Sadooghi * Bozorgmehr St. General 2,552,570 8,390,243 8,057,848
I(r;;njg‘ 100 Ahmadabad St. General 3739296 10,377,678 2,600,908
Hojatie 50 Safjad St'sfepahsaar General 2,892,897 7,297,710 16,321,510
Farabi 288 Arghavanie Psychotherapy * * *
Total 4955 * * 84,067,249 252,338,779 279,006,089
Useful coverage * * 51,202,608 89,834,222 *
Shared coverage * * 32,864,641 162,504,557 *

Source: Isfahan Municipality & the authors’ calculations
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Table 3. Structural quality of hospitals

Quality of structures Frequency Percent
very poor 0 0
poor 8 32
Average 10 40
good 7 28
Total 25 100
Source: Ismailian (2011: 191)
Table 4. Crisis management status in hospitals of Isfahan
Very poor Poor Average Good
Developed plan 0 1 8 16
Director of the crisis committee 2 14 8 1
Information committee 3 12 8 2
Trained search 6 15 4 0
Internal tasks 0 0 7 18
Special First Aid teams 2 11 12 0
energy production systems 0 0 10 10
Total 13 58 57 47
Source: Ismailian (2011: 98)
Table 5. Operational information in hospitals of Isfahan
Very poor Poor Average Good
Available vehicles 0 3 15 7
Rescue equipment 0 3 15 7
Having screening space 6 2 8 7
information on the stock of other
hospitals 12 12 ! 0
Total 18 20 39 23
Source Ismailian (2011: 201).
Table 6. Pairwise comparison of seven criteria for categorisation of new hospitals
Information layers Popula.tion Transportation  Land Health  Industrial  Green Fi.re Fi'nal
density network use centres centres space stations weight
P‘é‘i‘ﬁ;ttlyon 1 2 25 3 35 4 42 0.2
Trapsportztion 0.5 1 19 24 28 32 3.4 0.1
Land use 0.4 0.52 1 1.8 21 2.4 2.6 0.1
Health centres 0.33 0.41 0.55 1 1.7 1.9 - 0.069
Industrial centres 0.28 0.35 0.47 0.58 1 1.6 1.7 0.043
Green space 0.25 0.31 0.41 0.52 0.62 1 1.5 0.026
Fire stations 0.23 0.29 0.38 0.47 0.58 0.66 1 0.56
Final weight 2.99 4.88 7.21 9.77 12.3 14.76 14.4 1.0

Source: authors



A. Soltani et al. / Bulletin of Geography. Socio-economic Series / 43 (2019): 71-89 83

CR = ol
RI
2)

Where RI is the average consistency index of
randomly generated (inconsistent) pair-wise com-
parison matrices. It can be shown that RI depends
on the number of components being compared. CR
is designed in such a way that if CR<0.1, there is an
acceptable level of consistency in the pair-wise com-
parisons. But if CR>0.1, it demonstrates inconsist-
ent judgments. In such cases, the original values of
the pair-wise comparison matrix should be revised
and modified (Mahmoodzadeh, 2010: 94). Table 8
shows weighting layers in the AHP model for find-
ing the location of hospitals (Table.7).

As is clear from the above table, for layers of
distance from green spaces, distance from fire sta-
tions and distance from the main transportation
network, by increasing the distance the score re-
duces and vice versa (Fig. 4, 5 and 6). For layers of
distance from industrial centres and distance from
hospitals and health centres, the reverse is true, so
that the increase in distance increases the score and
vice versa (Fig. 7). This is because one of the pur-
poses of locating health centres is for the majority
of the population to benefit from these centres. For

the population density layer, neighbourhoods with
higher density have higher scores and vice versa.

The land use layer was based on economic val-
ue and suitability of land for building health centres.
For example, arid lands received higher scores and
commercial uses received lower scores on the basis
of the economic value (Fig. 8).

3.2.3. Combining information layers (the final
evaluation map)

Combining layers and creating the final map is usu-
ally done according to project needs and in a few
different ways. If the purpose of placement is to find
suitable sites with a high score, the maps are pre-
pared in the form of single-use maps that just dis-
play appropriate areas. In these maps, no ranking
(various zones) is done for parameters. The oth-
er form of final maps, in addition to determin-
ing appropriate sites, specifies inappropriate or less
appropriate locations, depending on the project.
These maps usually show zones separately (by col-
our, symbol, etc.) (Husseini et al., 2010: 63). In this
study, an IO model was used to combine layers. The
results are shown in Fig. 9. At this stage, according
to the rank, the categories of each layer are weight-
ed and a Raster Calculator is used to add up col-

Scores based on distance from
parks and green spaces

Distance (meter] score
0-200 0.426
B 200500 0.253
500-730 (0.148

B 7501000 01

10000 Meter

5000

Fig. 4. Scores based on distance from green space
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Scores based on distance from fire
station

Distance (meter) score

Fig. 5. Scores based on distance from fire station

Scores based on distance from

transportation networks

Distance (meter] score

Fig. 6. Scores based on distance from main transportation network
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Scores based on distance from
industrial centers

Distance (meter} score

- 0-500 0.074
B 500-1000  0.099

1000-1500 p.148
-_150&2000 0.253
- 2000-10028 0.426

Scores based on

land use

Distance (meter) score
- 7 0.039
_| 5 0.052
m 0072
- 4 0.105
- 3 0.155
[ ] 2 0.232
- 1 0.344

Fig. 8. Scores based on land use
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Table 7. Weighting layers in the AHP model for finding the location of hospitals

= iy = oy
g = s 5 g~ g = = g g~
5 s <5 = 2z F e 2% = E3ZE
2 = S = Oz = 2 ) =3 = O'2 =
= £ ¢ F “EE £ gz Ef F CiE
~ ° E S ~ ° E S
g 0-100 0.388 0-500 0.427
.S =
= )
.g 100-300 0.253 5 500-1,000 0.251
= 17}
é‘f 300-500 0.167 ::d 1,000-1,500  0.15
o ©
= g 0219 500-750 0.113 001 g 0.056  1,500-2,000 0.099  0.00
5 2 b
& 3]
8 g
§ 750-3,755 0.078 g’ 2,000-5,227  0.073
Z
&_:; 0-300 0.067 0-50 0.087
S >
= 200-600 0.099 G 50.1-75 0.115
5 ., £
= = 600-900 0.156 ot 75.1-100 0.164
g g 0.109 0.01 8 0.316 0.01
E 3 900-1,200  0.256 = 100.1-140  0.249
3 2
; g
,_% 1,200-8,132  0.423 140.1-250 0.385
0-500 0.074 3 0-200 0.426
= &
= 500-1,000 0.099 2* 200-500 0.253
=
(]
E ® 1,000-1,500  0.148 85,0 500-750 0.148
£33
25 "9 15002000 0253 § 0066 750.1000 01 0%
3 o
f=} Q
s s
5 2,000-10,028 0.426 A2 1,000-5,724  0.03
(@)
Green space, gardens and arid land 0.344
Industrial and transportation 0.232
© Administrative, law enforcement and sports 0.155
(5
3 0.229 Health care 0.105 0.01
<
- Education and higher education 0.072
Market, commercial and residential 0.052
Cultural, religious, channels 0.039

Source: Authors
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Final evaluation for
building new
hospitals

Very poor

[}
==
=l

Fig. 9. Final valuation of urban land for building new hospitals

umns of scores of each layer. At this stage, the final
map is evaluated, with classification of data in sev-
en distinct categories from ‘very inappropriate’ to
‘very appropriate’ for new hospitals. This way, it
will be possible to change land use, determine ap-
propriate zones, and locate new sites for building
the new hospital in Isfahan.

5.3. Conclusion

Access to health services is one of the most sen-
sitive indicators of sustainable development at
urban and regional levels and should be made
available to all people equally and fairly. The
population and building densities of the met-
ropolitan area of Isfahan increase the possi-
bility of various diseases, accidents and crises.
Therefore, spatial distribution and site selection
for healthcare facilities across the city accord-
ing to the standards and regulations seems to

be necessary. However, based on the analyses
carried out in Isfahan, spatial distribution and
site selection of hospitals in the city is inap-
propriate. In the global standard time (3 min-
utes), their catchment area is 8,406 hectares, of
which 3,286 hectares is overlapping area. There-
fore, their effective coverage is 5,120 hectares.
Given the total area of Isfahan, it can be con-
cluded that 18.35% of the city area is covered
by the catchment area of existing hospital ser-
vices. The 5-minute service areas of Isfahan is
25,233 hectares, of which 16,250 hectares with-
in the catchment areas of more than one hos-
pital. Therefore, their effective coverage area is
8,983 hectares. Given the total area of Isfahan,
it can be said that 32.19% of the city is cov-
ered by the standard catchment area of avail-
able hospitals. Thus, the need for proper site
selection and distribution of the hospitals is sci-
entifically and systematically justified. Thus, ef-
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fective data were collected in the form of layers
of information such as transportation network,
land use, etc., using GIS and AHP to speci-
ty the sites for construction of new hospitals
in seven different categories from ‘very poor’
to ‘very good’. Further studies can investigate
the match between the proposed model and
ground realities of different spaces and areas.
On this basis, new hospitals can be construct-
ed in higher preference sites to provide equita-
ble access for citizens and improve the spatial
distribution of hospitals based on standards and
regulations in the short, medium and long-term
by officials and administrators.
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