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Abstract  
 
In this paper a new approach to determine criteria for hospital site selection in an efficient and reliable way 
is presented. It is based on environmental indices and multi-criteria decision-making methods. The 
technique combines the criteria and sub-criteria by means of the Analytic Hierarchy Process method and 
interpreting the information obtained from the experts during the decision-making process. The AHP which 
is the most appropriate for the analysis of uncertain data, like experts’ estimations and also, it allows the 
aggregation of the experts’ judgments on each of the indicators. The method has been applied to the 
proposal is for determining most important criteria to select the suitable land for construction.  
The participating experts coincided with the appreciation that the method proposed in this paper is useful 
and an improvement from traditional techniques such as environmental impact studies, lifecycle analysis, 
etc. They find the results obtained coherent, the process seems sufficiently rigorous and precise, and the 
use of resources is significantly less than in other methods. 
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I. INTRODUCTION 
Criteria selection plays a crucial role to hospital construction and management. An appropriate 

criteria selection helps optimizing the medical resources allocation, the urban and rural health 
service development coordination, facilitate health care accessibility, rescue time reduction, 
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satisfy and promote the life quality [1]. 

Many studies have been conducted for hospital site selection. Perry and Gesler (2002) [2] tried 
to find out the residents’ access to the health care center in a distant area of Andean Bolivia. 
Hare and Barcus (2007) investigated geographical distributions, travel times, and the relevance 
of accessibility and health in the heart-related hospitals in Kentucky [3].  
In terms of hospital site location and selection, many factors should be taken into account such as 
the population, pollution, existing health centers, geological factors, economic factors, 
government policies and administrative laws and regulations. Nobre et al. (1999) assessed 
priorities in health care by using a multi-criteria analysis [4]. Ohta et al. (2007) has analyzed the 
geographical accessibility of neurosurgical emergency hospitals in his study [5]. 
Cheng-Ru et al. (2007) implemented an AHP-based evaluation model to choose the optimal site 
for the Taiwanese hospital [6]. In their study, they adopted 6 criteria including, factor conditions, 
demanded conditions, firm strategy, related supporting industries, government and chance and 
their sub-criteria as well.  

Ali &Ebrahim (2011) has classified the criteria adopted from previous studies into 3 categories 
based on hospital type and scale (Table1) [7].  

TABLE1: CLASSIFYING CRITERIA TO THREE CATEGORIES 

Hospital type and scale Criteria 

General hospital 

Capture rate of population, current and 
projected population density, travel 
time, proximity to major commuter and 
public transit routes, distance from 
arterials, distance from other hospitals, 
anticipated impact on existed hospitals, 
land cost, contamination, socio-
demographics of service area. 

Children hospital 

Conformity to surrounding region, 
incremental operating costs, site 
purchase cost, travel time, proximity to 
public transport, traffic routes, site 
ownership, site shape, site gradient, 
ground conditions (soils/rock), access, 
ease of patient flow and staff movement, 
existing infrastructure and availability 
of services, perimeter buffer zone, 
environmental considerations, future 
population and prominence. 

Professional medicine and cure hospital 

proximity to future expansion space, 
consistency with city zoning/policies, 
compatibility with surrounding uses, 
character and scale, cost of site control, 
helicopter access, local community 
preferences, accessibility, centrality, 
environment, land ownership, size and 
future population and prominence. 
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Zhou & Wu (2012), in their study they have identified eight-factor criteria in the new hospital 
which oriented as a general hospital. The specific buffer requirements for these factor criteria are 
shown in Table 2 [1]. 

TABLE2: LIST OF BUFFER FACTORS 

Factor  Setting  

Existing hospital The further away from the existing 
hospital (>=500m), the better  

Residential area The nearer away from the residential 
area, the better  

Road The nearer away from the road 
(>=100m), the better  

Street The nearer away from the street 
(>=100m), the better  

Sub-street The nearer away from the sub-street 
(>=100m), the better  

Metro The nearer away from the metro 
station (>=100m), the better  

River The further away from the river 
(>=300m), the better  

Public toilet The further away from the public 
toilet (>=200m), the better  

 

In the following table, the other authors’ opinion about affected factor for hospital constructions 
has been listed. 

TABLE3: AFFECTED CRITERIA IN DETERMINING SUITABLE SITE 

Author Factor 
Salomon Population, ecological processes and biodiversity 
Jacobso and Evans Geological factors 
Geurs and Wee Land accessibility 
Hsu et al Geological factors 
Zondag et al Land accessibility 
Fahmi, et al Land strategy 
Pupo et al Geological factors 
Mittal and Kashyap Land strategy 
Akgun and Turk Geographical locations, intensity of the built area,  

 

The complexity of assessment for selecting a suitable site for construction 
as a project becomes more and more complex; their impact assessment also becomes more 
complex. This has led several authors to discuss the reliability and accuracy of the decision-
making tool for ranking different alternatives when they show complex interactions [8]. 

Selecting the most appropriate site for constructing projects can be included in this category. 
According to [9], [10], [11], [12], they are projects with significant and complex environmental 
impacts. On the other hand, they are projects with long life cycles in which the biggest impacts 
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mainly occur during the exploitation phase. The exploitation phase may last several decades 
which makes it difficult to assess its values. Thus, techniques are necessarily based on estimates 
and assumptions for the determination of the most relevant impacts. Another drawback when 
making decisions on different projects, as the results obtained from the assessment process for 
each decision are not comparable. Actually, each assessment team may take into consideration 
different environmental impacts [13]. But even if they select the same impacts for all the 
alternatives, a second problem is how to compare alternatives that stand out in the analysis of 
different environmental impacts. 

To solve such problems the most widely used approaches are those that combine a simpler 
procedure of data collection and clustering of the results into indices [14]. The differences among 
these indices can be grouped into two index design strategies: 

 How to estimate the relationship between the activity 

 How to cluster the results of the estimates into one single value 

For obviating these kind of limitation so, in order to build better relationships and classification 
among criteria the Analytic Hierarchy Process has been offered. In the present work an approach 
based on the experts´ judgments classifying the criteria and sub criteria is accomplished. The 
experts help to classify different alternatives according to the environmental pressure that the 
alternatives will exert along their life cycle if they are implemented. [14]. The experts select the 
indicators depending on the characteristics of the project and the conditions of the local and 
general environment, and the estimated environmental impacts resulting from the 
environmental pressure of each alternative. In order to cluster all judgments a new technique 
based on Multi Criteria Decision Analysis (MCDA), namely the Analytic Hierarchy Process, is 
proposed in the present work. This method, is particularly suitable for problems with little and 
uncertain information, using qualitative criteria which are connected together [15]. 

II. THE USE OF MCDM TECHNIQUES TO CHOOSE SUITABLE CRITERIA FOR SITE SELECTION 
Authors like [16] or [8] have indicated the importance of accurately modeling reality when 

making decisions on Projects. The selection of the indicators (which will act as criteria) and how 
they are assessed and clustered to calculate the indices should be done carefully to maximize the 
correlation between the index values obtained and the quality to be measured. 
MCDM techniques are very appropriate to solve this type of problems. The expression MCDM is 
used as an umbrella term to describe a number of formal approaches which seek to take explicit 
account of multiple criteria in helping individuals or groups explore decisions that matter [17]. 
More information about MCDM can be found in [17], [18]. 

Several authors introduce the use of MCDM techniques for assessment. Many of them focus on 
the use of the Analytic Hierarchy Process [19] which has been accepted as a leading multi-
criteria decision model [20], [16], [21] to assign priorities to the criteria or indicators involved.  
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III. THE ANALYTIC HIERARCHY PROCESS TECHNIQUE 
An “objective function” that should be either maximized or minimized, is normally referred to 

in order to resolve difficult optimization problems as adopted by mathematical models. Briefly, it 
entails a function in a certain number of decision variables, which are combined with some 
decision criteria and hence constitute of formal algebraic expression. Unfortunately these models 
may be applied in presence of simple cases, under restrictive simplifying hypotheses that greatly 
reduce their applicability AHP (Saaty, 1980) embodies a powerful and flexible multi-criteria 
decision-making tool for complex problems where both quantitative and qualitative aspects need 
to be considered. This represents, indeed, the most important characteristic and the benefit of 
such a tool. AHP is preferable whenever one has to represent complex situations without 
simplifying them. To be more precise, the most valuable benefits can be perceived when a 
problem is defined in terms of intangible characteristics or if the involved variables show a high 
degree of non-homogeneity [22]. 

Briefly, the AHP technique uses the “decomposition and synthesis” approach. A complex 
decision may be represented easily if its factors are arranged into a hierarchical structure, 
having a certain number of levels from the root (objective) to the leaves (alternatives), with the 
intermediate levels constituted by the ostensive sub-criteria [23]. Having successfully completed 
this first phase, the method does a pair wise comparison of all elements belonging to a certain 
level with respect to the parent element in the upper level. Criteria are then compared to each 
other with respect to the global objective of the analysis. With incorporation of this method we 
derive a series of comparison (or decision) squared arrays and, finally, a priority vector that 
measures the relative degree of importance of all possible alternatives (the leaves). Theoretically, 
AHP methodology can be used whenever a problem can be condensed to a hierarchical 
representation consisting of at least two levels: 

(1) Evaluation criteria – those elements that allow taking a decision; 

(2) Alternatives – those elements that influence the evaluation criteria. 

Reassuming the analysis starts with the definition of the problem, consisting of a target and of 
a variable number of possible solutions (the alternatives). The procedure can be summarized as 
follows: 

(1) Definition of the goal and identification of the criteria and alternatives influencing it; 

(2) Construction of the hierarchical structure, starting from the global objective and stepping 
down to the alternatives, via all the intermediate levels;  

(3) Construction of the decision matrices to report all the evaluations deriving from the 
assessed pair wise comparisons; 

(4) Calculations of the priority vector for all the evaluation criteria; 
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(5) Iteration of steps 3 and 4 for all the alternatives at all levels; 

(6) Derivation of the final priority ranking;  

Based on the hierarchical structure, a method to determine the intensity by which the elements 
of a level weight on each node in the upper level must be fixed at the beginning. This ensures the 
possibility to quantify the impact of the lowest levels on the final target of the analysis. This is 
reached through interviewing a sample of expert operators regarding the problem that has to be 
solved. Each question should consider a group of alternatives with respect to the parent criteria 
in the proximately upper level. A predetermined conversion scale is required in order to give a 
numerical judgment during such a qualitative assessment procedure. We can adopt a judgment 
scale based on nine degrees of importance, as the one reported, if the involved elements are 
homogeneous and that their relative weights do not differ more than nine times. An example is 
that illustrated by table IV. The nine-point scale has often been used whenever the hierarchical 
approach could be followed, and proved to be quite reliable. Put in a nutshell this approach the 
scale is constructed based on five elements: 

(1)Equal;  (2) Moderate;  (3) Strong;  (4) Very strong; and (5) Extreme. 

TABLE4: SAATY’S NINE POINT SCALE 

Value  Judgment Description 
1 Equal Two alternatives share the same level of importance 
3 Moderate Experience and judgment favours one alternative 

with respect to the other in little measure 
5 Strong Experience and judgment strongly favour one attribute over another 
7 Very strong Experience and judgment tell that one alternative is much more 

important than the other 
9 Extreme The difference of importance is extreme 
2,4,6,8 Intermediate 

values 
Used if more precision is needed 

 

Evaluate the correctness and the consistency of the given paid wise comparisons, by means of 
an inconsistency ratio (IR) [24]. The judgments can be considered acceptable if any only if IR # 
0.1. 

IV. SELECTION OF THE CRITERIA 
Criteria are variables that justify or explain the environmental impact on making decision to 

select the most suitable site for project. They are chosen depending on the characteristics of the 
alternatives. It is necessary to have enough information about the chosen criteria so as to allow 
for comparison among the alternatives. 

For environmental assessment the criteria used belong to a set of environmental Indicators 
which was obtained following the experts’ opinions. Then, the experts discussed the whole set 
and agreed the indicator that exert the greatest influence on the final decision and the least 
discrepancy among experts.  
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Thus, the indicators selected as main criteria for the AHP are: Land Accessibility, Geological 
Factor, Land Strategy and Population. And sub criteria are;  Density, Distance from Earthquake, 
Fault Line, Flood, Future Expansion, Future Population Government Planning, Ownership, Site 
Orientation, Supporting Industrial, Transit, Travel Time and Volcano. 

The complex task of representing the evaluation problem as a structure of interdependent 
elements distributed into clusters can be decomposed into the following steps: (i) to identify the 
elements (alternatives and criteria), (ii) to group them into clusters and for our case study the 
following with structure three clusters has been built: 

 

FIGURE 1: HIERARCHICAL STRUCTURE 
 
The four criteria were grouped into one cluster as main criteria, and another cluster with 

fourteen indicators have been classified as a sub criteria. 

V. CALCULATION OF AHP 
The selection of the five experts was based on their expertise in the area of projects and their 

relationship with environmental issues applied to urban planning projects. The experts were 
interviewed and they were informed on the AHP methodology and its applications in alternatives’ 
prioritization. Subsequently, they were informed on the characteristics of the alternatives to 
analyze  

After solving any questions asked by the experts, a questionnaire was designed using paired 
questions in order to allow for the comparison analysis. The result of the pair wise comparison 
has been depicted in Table 5. 

The results show that the alternatives with the highest impact are the Transit which is related 
to land accessibility. The Flood, Future population and density which are related to Geological 
factor and population are in second level respectively. 
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TABLE 5: WEIGHT’S OF EACH CRITERIA 

 Goal 
 Main Criteria 

Goal Main criteria for site 
selection 

0 

Main Criteria 

Geological factor 0.1217 
Land accessibility 0.2567 
Land strategy 0.0264 
Population 0.0950 

Sub Criteria 

Density 0.0475 
Distance from 0.00235 
Earthquake 0.00325 
Fault line 0.0371 
Flood 0.0777 
Future expansion  0.0132 
Future population 0.0475 
Government planning 0.0051 
Ownership 0.0046 
Site orientation 0.0010 
Supporting industrial 0.0244 
Transit 0.220 
Travel time 0.0122 
Volcano 0.0036 

 

VI. CONCLUSION 
This paper presents a new approach to prioritize urban planning projects in an efficient and 

reliable way based on environmental variable. The method consists of the determining the 
indicator by using expert opinion during decision making process and applying AHP to prioritize 
which indicator that has more important affect. 

 The experts have identified the indicators to be used as AHP criteria. The selected criteria are 
Geological factor, Land accessibility, land strategy and population. The experts have determined 
the importance of the AHP criteria, the relationships among criteria, and the relationships 
between the criteria and alternatives. The resulting data show that transit is the most important 
environmental pressure factor, and the distance from is alternative which exerts the least 
environmental pressure on the area. 
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