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Introduction

Over the last decade, 200 million people have been affected by

natural disasters and hazards; 98% of these people lived in devel-

oping countries where climate change causes extreme tempera-

tures, increased flooding, intense heat waves, and droughts

(Aquilino 2011). Those who lost their homes to natural disasters

needed somewhere to live while their houses were rebuilt or needed

to find alternative accommodations (Collins et al. 2010; Davis

1982). The years between living in emergency accommodations

and permanent houses present a time gap that needs to be bridged

by temporary housing (TH) (Johnson et al. 2006). However, these

temporary houses have, to date, been criticized for their inability to

meet the expectations of displaced people (DP) (Chen 2012).

In general, according to most relevant studies (Arslan 2007;

Chandler 2007; El-Anwar et al. 2009a, b; Félix et al. 2013; Johnson

2007a), TH programs have been criticized on several issues: (1) TH

delivery time; (2) social and welfare quality; (3) TH locations;

(4) cost of the TH implementation process; and (5) impact on

the environment.

Improper site selection is a major problem that has caused dis-

satisfaction with regard to the DP of previous natural disasters, such

as Istanbul, Turkey, in 1999 (Johnson 2007b, c); Bam, Iran, in 2003

(Ghafory-Ashtiany and Hosseini 2008; Khazai and Hausler 2005);

L’Aquila, Italy, in 2009 (Rossetto et al. 2014); and the Great

Eastern Japan Earthquake in 2011 (Shiozaki et al. 2013). In gen-

eral, according to most relevant studies, the site location factors that

cause DP to be dissatisfied are: (1) losing previous social commun-

ities; (2) not fitting in new communities; (3) inadequate access to

urban facilities, such as shopping centers, recreation centers, and so

on; (4) large distance from the new location to previous activities

(job, university, and previous private property); and (5) concern

about private property. For instance, Khazai and Hausler (2005)

declared that some of the Bam TH units remained vacant because

of their site location.

Additionally, according to El-Anwar et al. (2009a) and Johnson

(2002), finding a suitable TH location is the main reason for delay-

ing the provision of TH. Furthermore, according to Johnson

(2007a), the site location for TH can have a substantial impact on

public expenditures. Johnson (2007a) stated that TH sites located

on the outskirts of cities needed further development because of

their distance to basic necessities, such as schools, clinics, and

so on. Therefore, the site location of TH has considerable effects

on the provision of TH as well as public expenditure, in addition to

the aforementioned social impacts.

Numerous TH studies have considered the importance of select-

ing an appropriate location for a DP temporary settlement. Some

have assessed site selection exclusively, covering topics such as

guidelines for shelter location (UNHCR 2000), site selection

indicators (Corsellis and Vitale 2005; Davis and Lambert 2002;

Soltani et al. 2014), strategies of site selection (Kelly 2010), selec-

tion of fixed seismic shelters by the technique for order preference

by similarity to ideal solution (TOPSIS) (Chua and Su 2012), urban

shelter locations based on covering models (Wei et al. 2012),

hierarchical location models for earthquake-shelter planning

(Chen et al. 2013), site selection and decision-making methods
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(Omidvar et al. 2013), and optimizing TH assignments to minimize

displacement distance (El-Anwar and Chen 2012).

All of these research studies have contributed to the develop-

ment of TH, but only a few have considered TH optimization

(El-Anwar et al. 2009b) and sustainable construction (El-Anwar

et al. 2009c). The number of studies in which urban areas have been

considered is also small compared to those dealing with rural areas.

However, it is necessary to assess urban areas and to do so indi-

vidually because of their own characteristics, such as concentration

of population, homes and other buildings, transportation infrastruc-

ture, and industries (IFRC 2010).

Additionally, as different cities have various local living stan-

dards and characteristics, the weight of these model indicators,

criteria, and requirements are different from one metropolitan area

to another (Davis 1982; Johnson 2007a). Therefore, because site

selection for TH is a process that involves various criteria (Kelly

2010; Omidvar et al. 2013) and different stakeholders, decision

makers need help dealing with the selection of the most suitable

options by considering multiple criteria with respect to the require-

ments and characteristics of all of the involved stakeholders.

The objective of this paper is to present a new model that is

capable of selecting an optimized location for TH by assessing eco-

nomic, social, cultural, and environmental aspects. To obtain the

optimal satisfaction of the involved stakeholders, this model was

designed to (1) maximize the well-being of DP, (2) minimize

the negative impact on neighborhood life, (3) minimize TH public

expenses, (4) minimize the negative impact on the environment,

and (5) maximize the well-being of people involved in the TH con-

struction process (e.g., engineers, workers). The site chosen in

the present model specifically embraces the TH phase based on

Quarantelli’s definition of phases (Quarantelli 1995), even though

the site can be used for the emergency shelter and temporary shelter

phases as well. Additionally, the paper provides a method meant to

choose and prepare TH locations during the normal situation

(predisaster).

To this end, the integrated value model for sustainable assess-

ment (MIVES), which consists of a multicriteria decision-making

method that incorporates the concept of the value function (Alarcon

et al. 2011), has been used. The MIVES model defined in this

research project relies on seminars given by international multidis-

ciplinary experts. MIVES has already been used to assess sustain-

ability and to make decisions in the fields of (1) the Spanish

Structural Concrete Code (Aguado et al. 2012); (2) sewerage

concrete pipes (Viñolas et al. 2011); (3) school edifices (Pons and

Aguado 2012); (4) probabilistic method (MIVES–EHEm–Monte

Carlo) development for large and complex edifices (del Caño and

Gómez 2012); (5) structural concrete columns (Pons and de la

Fuente 2013); (6) wind-turbine supports (de la Fuente et al. 2015);

and (7) TH (Hosseini et al. 2016).

This new model has been applied to find the best site location

for TH in the case of a probabilistic earthquake of Mosha’s fault

in Tehran, Iran. This case is based on reports from the Japan

International Cooperation Agency (JICA), which has assisted

the Iranian government in providing a disaster management master

plan for Tehran since 1999 (JICA 2000).

Methodology

A holistic approach was used in this paper to present a TH process

that used site selection as one of the significant components of

TH implementation. This methodology has four phases: (1) data

collection; (2) data analysis; (3) model design; and (4) model

application, as shown in Fig. 1. In the data collection phase, the

Fig. 1. Methodology for considering the whole TH process and the sustainability assessment method based on MIVES
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necessary information on TH is obtained through comprehensive

literature reviews, recovery reports, surveys, and TH guidelines.

In the data analysis phase, the stakeholders and characteristics

of TH are defined. Then, the defined characteristics are assessed

to distinguish the negative and positive points according to their

strengths, weaknesses, opportunities, and threats mode (SWOT).

In the model design phase, the requirements tree is based on the

local characteristics of the case study and its demands.

As the objective of this paper includes site selection exclusively,

the estimation of DP is considered to determine the demand area of

the TH site, as shown in Fig. 2, before defining the requirements

tree. The designed tree must contain minimum indicators, which

are independent from each other and calculable in formula.

In the model application phase, the weights of the indices are

evaluated by a group of multidisciplinary experts who use the ana-

lytical hierarchy process (AHP) (Saaty 1990) based on previous

studies and local characteristics. Decision makers also define alter-

native sites that have the ability to be used as locations of post-

disaster TH with regard to the determined requirements and the

relative weights of these requirements. The decision maker can de-

cide to have some small distributed sites in the city or a unique large

site, which is usually located on the outskirts.

Because the data collection and analysis phases of site selection

for TH have already been considered in the introduction of the

paper, the following section defines the model design for site

selection.

Sustainability Assessment of Post-Disaster Temporary
Housing

According to MIVES, a specific tree, which is shown in Fig. 3, was

developed to assess the sustainability of site selection for post-

disaster TH based on data collected from extensive technical

literature and seminars that have been given by multidisciplinary

engineers who are expert in this subject.

The first level of the tree includes the economic, environmental,

and social requirements; the second hierarchical level includes the

five criteria; and the last level includes the nine indicators. Unlike

Fig. 2. Model implementation for site selection
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the requirements and criteria, the indicators are measurable varia-

bles to quantify each alternative site.

The economic requirement (R1) assesses the investment of each

proposed site that could be a location for TH. The social require-

ment (R2) takes the impact of each alternative site, in terms of the

social aspects on DP as users of temporary houses and third parties

who are involved in TH, into account. The environmental require-

ment (R3) assesses the environmental effects of all of the processes

related to the site location throughout all of the phases of the

life cycle.

Definitions of Indicators

Land price indicator (I1) evaluates the cost of land per square

meter (cost=m2). As already mentioned, it is possible to have sets

of several sites whose total area is equal to or close to the re-

quired area.

Cost of site preparation (I2) assesses the amount of expenditure

during the site preparation process; I2 locates the site that requires

the minimum investment for preparation activities. Cost of site

preparation is related to the following site characteristics: (1) slope,

(2) topography, (3) type of soil, (4) type of plants, (5) level of

groundwater, (6) access, (7) mobilization, and (8) utilities and util-

ity vulnerability after a disaster. The experts have estimated the cost

of site preparation for each alternative in cost=m2.

Because the selected site may be located in a district where the

urban facilities (water pipes, power cables, etc.) would be damaged

by natural disasters, the δ factor prevents choosing a site in a district

where the urban facilities will need to be repaired in the aftermath

of a natural disaster. The δ factor presents the quality of the utilities

after the disaster based on professional prediction. The system

assigning points has been employed for this factor.

The efficient use of investment indicator ensures that the chosen

alternative site(s) has an area equal to or close to the required area.

This indicator has been eliminated because most alternative sites

are owned by the government, one of the main investors; it is pos-

sible to use a portion of each site to avoid extra expenses.

The dimensions of the site are defined by the prediction of DP

multiplied by the required area per person. Handbook for Emergen-

cies (2000) suggests a figure of 30 m2 per person, which includes

the necessary area for roads, foot paths, educational facilities, and

so on. Davis and Lambert (2002) stated that 45 m2 per person is

necessary for temporary settlements according to the sphere

project. Aside from the number of DP, other factors, such as build-

ing design varying from flat houses to multilevel houses, average

number of people in households, and local characteristics, impact

the area of site location.

Access (I3) considers the quality and time of access for DP, third

parties, and emergency services from the beginning of the TH pro-

cess to its end; I3 takes into account the access for a period of time

that contains the (1) construction phase, (2) operation phase in

normal situations (predisaster), and (3) operation phase as a TH

location (post-disaster).

During the construction phase, the access for people involved in

construction (employees, workers, engineers, etc.) is assessed.

During the operation phase in post-disaster periods, two issues

are assessed: (1) the quality of DP access to other parts of the city,

and (2) the quality and time of access for emergency services

(medical, fire fighter, police, etc.) to the site. Because the access

in the predisaster construction and operation phases is the same

as the access for DP, only the accessibility for the operation phase

during the post-disaster period is considered. Thus, I3 takes into

account the accessibility of DP and emergency services.

Therefore, the quality of access for DP is determined by using

the following point assigning system for the access coefficient (α).

The access of emergency services takes into account two fac-

tors: (1) access time for emergency services in minutes; and

(2) quality of emergency services, which embraces (a) the quantity

and quality of equipment, and (b) the number of emergency serv-

ices that cover the location of the TH with the same function that is

considered by the coefficient β. This coefficient is measured by

assigning points. Additionally, this paper assumes that the weights

of emergency services are equal.

As the accessibility for emergency services is vitally more im-

portant than access for DP, the coefficient for the accessibility of

emergency services is 70%, and the coefficient for the accessibility

of DP is 30%. These coefficients can change according to each sit-

uation.

Population covering indicator (I4) analyses alternatives to

(1) maximize the coverage of DP, (2) distribute chosen sites

throughout the city (decentralization of temporary sites), and

(3) distribute facilities based on the distribution of the displaced

population.

In other words, I4 helps decision makers obtain two goals:

(1) there is no region where the DP have problems because of area

deficiency; and (2) no selected site remains empty or forces DP to

move to another site that is far from the previous local zone of the

DP. Thus, the population coverage is evaluated by Eq. (1)

PCi ¼
X

m

1

�

Dai→Rm

PRm

�

ð1Þ

The distance from the sources of danger indicator (I5) has been

designed because the chosen site should be located far from the

sources of dangers, such as secondary hazards that could risk

the integrity of the DP.

In addition to the previous distance from the hazardous zone, the

danger level of the source should be considered. Therefore, a sys-

tem assigning points has been used to assess the danger level of the

source that is defined with the γ-coefficient.

The user safety criterion (C2) could also include an additional

indicator, preparation activities time, which is vital for DP. How-

ever, this model does not consider the time of site preparation be-

cause the assumption of this paper is to choose and prepare

locations of TH during the normal situation (predisaster).

Property and land use zoning indicator (I6) considers site con-

ditions in terms of land use, land property, and legal restrictions

based on a comprehensive master plan. A system assigning points

has also been used.

Neighborhood accessibility indicator (I7) takes into account the

impact of TH on the neighborhood environment. This paper has

assessed the following items as subindicators: (1) density, (2) qual-

ity of medical care services, (3) green area, and (4) school capacity.

Additionally, the weights of the previously mentioned subindica-

tors are assumed to be equal.

Landscape respect indicator (I8) takes into account the impact

of TH on ecosystem changes, such as isolated district or access

limitation, damage from sewage, excavation, acidification, and

other negative influences. The system assigning points has also

been employed for this indicator.

Building construction causes high energy consumption and CO2

emissions during the life cycle stages of construction, usage, and

demolition (Pons and Wadel 2011). Thus, indicators should be de-

signed to assess the impact of the TH site on the environment in

terms of CO2 emissions and energy consumption based on the life

cycle assessment (LCA). The environmental impacts of the site

location embrace only the construction and demolition phases:

© ASCE 04016036-4 J. Constr. Eng. Manage.
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(1) construction phase, considering only transportation and site

preparation activities; and (2) demolition phase, considering only

transportation.

Therefore, CO2 emission indicator (I9) was designed to mea-

sure the amount of CO2 emissions according to two aspects:

(1) preparation activities for each site during the construction

phase, and (2) required transportation for each site during the con-

struction and demolition phases.

Because the value of preparation activities has already been cal-

culated for the economic requirement, according to the MIVES

concept, this indicator should be independent, and the consequent

amount of CO2 emissions due to preparation activities is not con-

sidered. Therefore, only the CO2 emissions from transportation for

each alternative are assessed by using the formulas proposed in the

1996 Intergovernmental Panel on Climate Change (IPCC) Guide-

lines for National Greenhouse Gas Inventories destructive gas

emissions and energy consumption (Houghton et al. 1996).

The values of the model parameters suggested byGood Practice

Guidance and Uncertainty Management in National Greenhouse

Gas Inventories (Houghton et al. 1996) are the same for all of

the alternative sites, except for the activity parameter that includes

the fuel consumed or distance traveled. Thus, the amount of CO2

emissions from transportation depends on the activity parameter.

Consequently, I9 calculates the total distance traveled for each

alternative site, which includes the distances from the material re-

sources center and the landfill site to the alternative site.

Other polluting emissions and energy consumption have values

proportional to the indicator CO2 emissions (Pons and Aguado

2012) for each of the studied alternatives. Thus, instead of assess-

ing all polluting emissions and energy consumption, only the CO2

emissions are assessed. Additionally, TH water consumption is not

considered because it is negligible during most phases, such as con-

struction and demolition.

Application Example

An application example illustrates all of the phases of the sustain-

ability decision-making model to choose an adequate site location

for post-disaster TH in Tehran based on the Mosha fault scenario.

The example includes four of the 22 Tehran districts. The popula-

tion of these districts is almost 1,200,000, as shown in Table 1. The

assessed scenario is based on reports from the Japan International

Cooperation Agency (JICA) (JICA 2000). This agency, together

with the Center for Earthquake and Environmental Studies of Teh-

ran (CEST), assessed potential earthquakes in Tehran in 2000

(Omidvar et al. 2013). This study evaluated damaged buildings

and casualties in the aftermath of probabilistic earthquakes based

on four different scenarios: the Rey fault model, the north of Tehran

Fig. 3. Requirements tree designed for this model
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fault model, the Mosha fault model, and the floating model

(Omidvar et al. 2013). This paper considers a model for choosing

an adequate site location for post-disaster TH in Tehran based on

the JICA and CEST results for the Mosha fault model.

According to the JICA and CEST study (JICA 2000), if a prob-

abilistic earthquake occurs during the day, it will cause almost

18,000 casualties, more than 610,000 DP, and 90,000 damaged res-

idential buildings in total. The statistics for damaged buildings

evaluated only residential buildings as blocks without considering

the number of total residential units in one block. The estimated

displaced populations of the four districts considered add up to ap-

proximately 160,000 people. Because it is assumed that one-third

of the DP will be settled in multilevel houses in the camp, the

total area demanded is nearly 1 km2 (100 ha), corresponding to

20 square meters per person. According to UNHCR (2000) and

the sphere project, the area demanded in the camp ranges between

30 and 45 m2=person. However, based on the assumptions of this

paper and the land scarcity in Tehran, two-story and three-story TH

units have been designed. Thus, a demanded area of almost

20 m2=person has generally been obtained.

Based on the required area [1 km2 (100 ha)] for this case, alter-

native sites with the required initial features have been selected.

There are six alternatives, which include 23 sites in or around

the zones of this application example. There are four individual

sites and two sets. The areas of these four alternative sites

(A1 − A4) are approximately equal to or larger than the area de-

manded. The last two alternative sets include divisions: Set B in-

cludes five sites (B1 − B5) with a total area of 100 ha, and Set C

includes seventeen sites (C1 − C14, B2, B4, and B5), including three

sites of Set C in common with Set B, as shown in Fig. 4. All of

these sites are open spaces that need site preparation, except for C12

(parking lot) and C14 (barracks). Eighteen sites are located in the

four chosen districts, and five sites (A1, A2, A4, B4, and B5) are

located outside of these four districts. Sites A1 and A2 are located

outside the city center, close to entry roads.

Analysis

By determining a value function for each indicator according to the

MIVES equations, it is possible to quantify each attribute. Accord-

ing to Alarcon et al. (2011), for the determination of the satisfaction

value for an indicator, there are four stages: (1) determine the

tendency (increasing or decreasing) of the value function,

(2) determine the points to find Smin and Smax, (3) determine the

shape of the value function (linear, concave, convex, S-shaped), and

(4) determine the mathematical expression of the value function.

According to Alarcon et al. (2011), when satisfaction increases

rapidly or decreases slightly, a concave-shaped function is the

most suitable. The convex function is used when the satisfaction

tendency is contrary to the concave curve case. If satisfaction

increases/decreases steadily, a linear function is presented. An

S-shaped function is used when the satisfaction tendency contains

a combination of concave and convex functions, as shown in Fig. 5.

There is complete information about the MIVES methodology in

previous studies, such as Alarcon et al. (2011), Aguado et al.

(2012), and Cuadrado et al. (2015).

The value function implemented in MIVES is based upon the

general exponential Eq. (2). This function permits the simulation of

a wide range of responses by properly modifying the constitutive

parameters (Pons and de la Fuente 2013)

Vi ¼ Aþ B · ½1 − e
−ki ·ðjXind−Xminj=CiÞ

Pi � ð2Þ

This last equation permits the generation of sets of indicator

values [ViðxiÞ] that are between 0 and 1, according to the satisfac-

tion range

B ¼ ½1 − e
ki ·ðjXmax−Xmin j=CiÞ

Pi �−1 ð3Þ

Because the related value function for each indicator has been

matched, this method proceeds with the assessment of the sustain-

ability index for each alternative site. Having previously deter-

mined each indicator value (Vi) and weight (λi), the formula

that is presented in Eq. (4) should be applied to each tree level.

[ViðxiÞ] is a value function that presents the preferences that are

assigned by the decision makers to each value obtained by param-

eter (xi). For the multicriteria case, the additive formula corre-

sponding to Eq. (4) is introduced

V ¼
X

λi · ViðxiÞ ð4Þ

The values of Xmin and Xmax, and the function shapes have been

derived from international guidelines, the scientific literature, Ira-

nian principles, and the background of experts who participated in

seminars, as shown in Table 2. These functions have the following

shapes: four decrease, of which two decrease in a concave fashion

Fig. 4. Tehran map (including the case study districts and alternative sites)
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(DCv) and two decrease in a convex fashion (DCx); and five in-

crease, of which three are S-shaped (IS) and two increase in a con-

vex fashion (ICx). The values of Xmin and Xmax are defined for each

indicator, as shown in Table 2.

Like I5, S-shaped functions have a minimum satisfaction that

drops to zero for values that are smaller than a defined lower in-

dicator value, a maximum satisfaction that reaches 1 for values

greater than a defined upper indicator value, and an increasing sat-

isfaction from almost 0 to 1 for values between the defined lower

and upper indicator values. Concave functions represent indicators

in which the maximum value (such as population covering, I4) is

demanded (Alarcon et al. 2011). The convex I1 function aims to

promote the reduction of land price. The minimum Xmin is the low-

est land price per each square meter in Tehran’s regions [2.4 × 107

Iran Rial rates (IRR)]. Additionally, satisfaction decreases rapidly

when the building cost increases; a decreasing convex (DCx) curve

is assigned for the tendency of this indicator value function, as

shown in Fig. 6.

Four indicators (I3, I6, I7, and I8) have been measured by

points. The maximum Xmax has a maximum value of 1, correspond-

ing to the geometric mean value of the subindicators for each in-

dicator for I3 and I7. These subindicators have five parameters that

are similar to the indicators shown in Table 3. Finally, by defining a

value function according to Eq. (2) for each indicator, it is possible

to assess each attribute.

Weight Assignment

In this step, the weights of the requirements, criteria, and indicators

are assigned by using the analytical hierarchy process (AHP) based

on previous studies, local characteristics, and the knowledge of the

experts involved in seminars. Several individual meetings and

seminars were organized and held by professors of the Universitat

Politècnica de Catalunya, Universitat Internacional de Catalunya,

and the experts of the Tehran Disaster Mitigation and Management

Organization to determine the weights (λi). Regarding the weight

distribution obtained for each of the elements constituting the

requirements tree (Table 4), it should be emphasized that the

coefficients of variation (CVs) of each λi did not exceed 10%,

except the outliers that were initially rejected. Thus, the mean

values of λi were used throughout the sustainability analysis

Fig. 5. Value function types

Table 2. Parameters and Coefficients for Each Indicator Value Function

Indicator Unit Xmax Xmin C K P Shape References

I1 IRR=m2
1.2 × 10

8
2.4 × 10

7
1.2 × 10

7 0.001 2 DCx JICA (2000) and Prices of Housing Market in Tehran (2010)

I2 IRR=m2 40,000 0 3.2 × 104 0.2 2.5 DCx Pricing Schedule of Buildings in Iran (2012)

I3 pts. 1 0 0.35 0.2 3 IS Alavi et al. (2013), Atlas of Teheran Metropolis (2014),

It’s About Time: Why emergency response times matter to

firefighters and the public (2010)

I4 m/pop 3.00 0.3 0.3 0.3 0.9 DCv Amiri et al. (2013), JICA (2000), and

Mohammadzade Asl et al. (2010)

I5 m 2,000 0 750 0.2 4.5 IS Chua and Su (2012), and Nojavan and Omidvar (2013)

I6 pts. 1 0 1.5 1 5 ICx JICA (2000)

I7 pts. 1 0 0.3 0.2 3 IS JICA (2000) and Mohammadzade Asl et al. (2010)

I8 pts. 1 0 1.2 1 3.5 ICx JICA (2000) and Zayyari et al. (2012)

I9 km 27 0 15 2 0.9 DCv JICA (2000)

Fig. 6. Value function of the land price indicator (I1)
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[del Caño and Gómez (2012) for an uncertainty treatment ap-

proach]. Additionally, the alternative approach used herein to ad-

dress the assessment of the weights is presented in the results and

discussion section. This approach does not depend on the priorities

of the experts. The assigned weights are based on choosing a site

during a predisaster normal situation. These weights should be con-

sidered when this model is applied after the disaster.

Finally, by having each index value function ðVxk
Þ and its

weight ðλkÞ, which have previously been explained, Eq. (4) can

be applied for each level of the tree. Fig. 3 shows the mentioned

process to obtain the sustainability index.

Results and Discussion

The results from this evaluation are the sustainability index (I), re-

quirement values (VRk
), criteria values (VCk

), and indicator values

(VIk
) for each alternative, as shown in Table 5. The maximum

sustainability index score I of the site location for TH is 0.61.

Additionally, there are indicators and criteria that only change be-

cause of the site characteristics, irrespective of the site location,

such as I5, I6, and I8. For instance, I6 is only related to land

use and ownership.

Some indicators are influenced by the site location, such as I2,

I3, I4, I7, and I9. The sites that are located near the city center ob-

tain high satisfaction values in accessibility (I3) and population

cover (I4). The sites that are located on the outskirts of the city

have an adequate density and green area, are usually close to re-

sources and main roads, and usually have lower land prices. Thus,

these sites have higher satisfaction values for the following indica-

tors: land price (I1), neighborhood acceptability (I7), and emissions

(I9). Additionally, alternatives that consist of some sets, such as B

and C, obtain maximum satisfaction according to access (I3) and

population cover (I4) and minimum satisfaction from the cost of

site preparation (I2).

In general, Sets B and C have minimum values for economic

requirements, and these sets and A2 have high values for social

requirements. Alternatives A1 and A4, which are located out of

town, have maximum values for the environmental requirement.

Table 3. Parameters and Coefficients for Each Sub-Indicator Value Function

Ix Sub-indicator Unit Xmax Xmin C K P Shape References

I3 Access of DP Pts 1 0 0.3 0.2 3 IS Atlas of Teheran Metropolis (2014)

Access to emergency

services

min 20 4 9.2 0.8 3.4 DS Alavi et al. (2013), It’s About Time:

Why Emergency Response Times Matter to

Firefighters and the Public (2010), and Lee (2012)

I7 Density pers./Ha 349 9 360 0.05 2.5 DCx Atlas of Teheran Metropolis (2014), JICA (2000),

and Mohammadzade Asl et al. (2010)

Hospital pop./N Hosp. 180,000 50,000 220,000 0.5 4 DCx Atlas of Teheran Metropolis (2014), JICA (2000),

and Mohammadzade Asl et al. (2010)

School pop./N Sch. 2,100 200 2,150 0.05 3 DCx Atlas of Teheran Metropolis (2014), JICA (2000),

and Mohammadzade Asl et al. (2010)

Green area m2=pop 20 2 13 0.15 6 ICx Atlas of Teheran Metropolis (2014), JICA (2000),

Mohammadzade Asl et al. (2010), and

zayyari et al. (2012)

Police pop./N P.S. 14,000 1,300 15,000 1 3 DCx Atlas of Teheran Metropolis (2014), JICA (2000),

and Mohammadzade Asl et al. (2010)

Fire station pop./N F.S. 300,000 10,000 400,000 1 3 DCx Atlas of Teheran Metropolis (2014), It’s About Time:

Why Emergency Response Times Matter to

Firefighters and the Public (2010),

Alavi et al. (2013), and Structure Fire

Response Times (2006)

Table 4. Requirements Tree with Weight Assignments

Requirements Criteria Indicators

R1. Economic (45%) C1. Invest capital

(100%)

I1. Land price (75%)

I2. Cost of site

preparation (25%)

R2. Social (25%) C2. User safety

(80%)

I3. Access (30%)

I4. Population

covering (20%)

I5. Distance from source of

danger (50%)

C3. Flexibility

(20%)

I6. Property and land

use zoning (60%)

I7. Neighbourhood

acceptability (40%)

R3. Environmental

(30%)

C4. Land use

(25%)

I8. Landscape

respect (100%)

C5. Emissions

(75%)

I9. CO2 emission (100%)

Table 5. Sustainability Index (I), Requirements (VRk
), Criteria (VCk

), and Indicators (VIk
) Values for the Six Alternative Sites

Alternative I VR1 VR2 VR3 VC1 VC2 VC3 VC4 VC5 VI1 VI2 VI3 VI4 VI5 VI6 VI7 VI8 VI9

A1 0.61 0.59 0.50 0.73 0.59 0.37 1.00 0.50 0.80 0.56 0.68 0.78 0.60 0.03 1.00 1.00 0.50 0.80

A2 0.55 0.47 0.92 0.35 0.47 0.92 0.91 0.50 0.30 0.46 0.52 0.82 0.88 1.00 1.00 0.79 0.50 0.30

A3 0.37 0.18 0.46 0.58 0.18 0.41 0.68 0.50 0.61 0.02 0.67 0.59 0.98 0.07 1.00 0.19 0.50 0.61

A4 0.52 0.28 0.49 0.91 0.28 0.41 0.82 0.75 0.96 0.13 0.72 0.72 0.88 0.03 1.00 0.54 0.75 0.96

B 0.43 0.13 0.78 0.60 0.13 0.79 0.75 0.58 0.61 0.05 0.36 0.99 0.98 0.59 1.00 0.36 0.58 0.61

C 0.47 0.09 0.93 0.65 0.09 0.99 0.72 0.73 0.62 0.11 0.02 0.98 0.98 0.99 1.00 0.31 0.73 0.62
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Alternative A1 has the maximum value for economic requirements.

A1 is the most sustainable alternative site for post-disaster TH

among the alternatives assessed, as shown in Table 5 and Fig. 7.

Moreover, the sites that have been provided for other functions

and have facilities, such as C12 (parking lot) and C14 (barracks),

obtain high sustainability values. Moreover, the sites that are

located on the outskirts of the city obtained high environmental

index values because they are close to resources and main roads;

there are no landscape vulnerabilities greater than the other

alternatives.

Sixteen different scenarios have been considered to determine

the sustainability index trends for the alternatives when the require-

ment ratios were different, as shown in Fig. 8. The highlighted

point on the horizontal axis (economic 45%, social 25%, and envi-

ronmental 30%) shows the sustainability indexes of technologies

based on suitable weights chosen by the experts. If the environmen-

tal weight increases compared to the social weight, such as the first

point on the horizontal axis in Fig. 8 (economic 47%, social 18%,

and environmental 35%), A1 becomes a more sustainable alterna-

tive. If the economic weight increases, such as the fifth point on the

horizontal axis in Fig. 8 (economic 50%, social 25%, and environ-

mental 25%), A1 becomes a more sustainable alternative again.

If the social requirement weight increases, A2, C, and A1 will be

suitable alternatives, although the economic and environmental re-

quirement weights can qualify A1 as a final result. Therefore, if the

quality of life of DP was the first priority for decision makers, A2

and C could be suitable alternatives. However, A1 has a high sus-

tainability value that is based on suitable weights chosen in the

seminars and the economic requirement to a greater degree than

the other alternatives. Additionally, the trend of the A1 sustainabil-

ity index did not change drastically when considering different re-

quirement weights. A3, A4, and B obtain lower sustainability values

compared to the other alternatives under all of the conditions

assessed.

In the end, the results obtained by the MIVES method have been

compared with several techniques to consider the validation of the

model results. To this end, the technique for order preference by

similarity to ideal solution (TOPSIS) (Hwang and Yoon 1981),

elimination et choix traduisant la realité/elimination and choice

expressing reality (ELECTRE) (Roy 1968), and simple additive

Fig. 7. Sustainability index (I) and requirement values ðViÞ for the six alternatives

Fig. 8. Sustainability indexes of the six alternatives with different requirement weights [economic (Ec), social (S), and environmental (En)]
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weighting (SAW) have been used. Additionally, Shannon’s entropy

(SE) has been applied to evaluate the weights of the indicators. The

weights of the indicators have been obtained by Shannon’s entropy

based on two approaches: (1) with regard to the weights assigned to

the indicators based on expert judgment (SE/W) and (2) without

regard to the weights assigned to the indicators (SE/NW). There-

fore, six models, including three techniques (TOPSIS, ELECTRE,

and SAW) with two weight assignment techniques (SE/NW and

SE/W), have been considered. Additionally, the MIVES method

has been considered according to the weights of the indicators,

which were obtained by Shannon’s entropy without consideration

of the indicator priorities (SE/NW), except the suitable weights

chosen by the experts.

Table 6 presents the ranking of the alternatives obtained from

the various methods. Obviously, different methods provide diverse

results, although the results are almost the same for the ranking of

four alternatives. Sites A1, A3, B, and C are ranked as the first, sixth,

fifth, and fourth alternatives, respectively, based on the results of at

least six techniques among eight. Although the four alternatives

have been presented in the second rank by the methods, A2 has

been selected more than the other alternatives. Additionally, A4

has been chosen more than A2 for the third rank by the methods.

Therefore, the results provided by the proposed techniques qualify

the model presented by this paper. However, the differences be-

tween MIVES and the results of the other methods are understand-

able because this model incorporates the concept of the value

function, which is necessary for TH consideration.

Conclusions

In this research paper, a new sustainability assessment model,

which has been specifically configured to analyze alternative sites

for temporary post-disaster settlements in urban areas, has been

presented. For the application example, a total of six different al-

ternatives for temporary housing have been assessed, which include

23 different sites in Tehran. This model takes into account the fol-

lowing aspects: maximizing the well-being of the DP, minimizing

the negative impacts on neighborhood life, minimizing the public

expenditures on TH, minimizing the negative environmental im-

pacts, and maximizing the well-being of the people involved in

the TH process. The following conclusions can be derived from

this research:

• This study defines an assessment model based on the MIVES

methodology, which has been demonstrated to be a suitable

strategy to conduct multicriteria decision processes for an inte-

gral sustainability analysis of each alternative.

• This model is capable of comparing alternatives without being

limited by present conjuncture. As a consequence, this tool is

capable of adapting its parameters (cost, methods, access, etc.),

which change from one period of time to another. Additionally,

this model has the ability to be used for distinct cities by recon-

sidering the requirement tree weights.

• During the site selection process, this model assists decision ma-

kers in observing and comparing the index values of all alter-

natives. Sometimes, decision makers choose alternatives that

have weaknesses caused by limitations; based on the aforemen-

tioned feature of this model, decision makers can detect the

weak parts of a specific site and then overcome these weak-

nesses with proper actions.

• Diffuse sites located in different districts have the best social

index value. Indeed, these sites can give higher satisfaction

to DP, involving labor and neighbors. However, these sites have

lower economic and environmental index values. Moreover,

these disperse sets can cause increased transportation and indi-

vidual mobilization, and they are usually located at greater dis-

tances from resources. Consequently, they cause increases in

expenses and environmental damages.

• Sites that had other functions prior to selection and already had

facilities have higher sustainability indices.

The model and the requirements tree proposed in this study are

generic for any site location of post-disaster TH. However, some

indicators and weights should be adjusted according to the specific

analysis of site selection for other public functions, such as public

facilities, educational services, health services, and so on.
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Notation

The following symbols are used in this paper:

A = response value of Xmin (indicator abscissa), generally

A ¼ 0;

B = factor that prevents the function from leaving the range

(0.00, 1.00);

Ck = criterion k;

Dai→Rm
= distance from the gravity center of the alternative site i

to the gravity center of the region m;

DCv = decrease concavely;

DCx = decrease convexly;

DS = decrease S-shape;

Table 6. Ranking of Alternatives Based on the Methods

Ranking

Method

MIVES

(AHP)

MIVES

(SE/NW)

TOPSIS

(SE/NW)

TOPSIS

(SE/W)

ELECTRE

(SE/NW)

ELECTRE

(SE/W)

SAW

(SE/NW)

SAW

(SE/W)

Total

result

1 A1 A2 A2 A1 A1 A1 A1 A1 A1

2 A2 A1 A1 C A2 A2 A4 A4 A2

3 A4 A4 A4 A2 A4 A4 A2 A2 A4

4 C C A3 A4 C C C C C

5 B B B A3 B B B B B

6 A3 A3 C B A3 A3 A3 A3 A3
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Ec = economic;

En = environmental;

I = sustainability index;

ICx = increase convexly;

Ik = indicator k;

IS = increase S-shape;

Ki = factor that defines the response value to Ci;

m = number of assessed regions;

min = minute(s);

N F.S. = number of fire station(s);

N Hosp. = number of hospital(s);

N P.S. = number of police station(s);

N Sch. = number of school(s);

NW = without considering the weights assigned to the

indicators;

PCi = population covering parameter for alternative site i;

Pi = shape factor that determines whether the curve is

concave or convex or whether is linear or S-shaped;

PRm
= predicted displaced population in the region m;

pts. = points;

Rk = requirement k;

S = social;

SE = Shannon’s entropy;

Smax = maximum satisfaction;

Smin = minimum satisfaction;

V = value;

Xind = considered indicator abscissa that generates a

value Vi;

Xmax = maximum value indicator;

Xmin = minimum value indicator;

W = considering the weights assigned to the indicators; and

λi = weight of the indicator or criterion considered.
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