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Abstract: In recent years, the Zayanderood River in Isfahan-Iran has been encountered by
hydrological imbalance and drought. Literature review shows that long-term climate change,
drought, and disruption of the river’s water supply has led to depletion of underground aquifers and,
consequently, gradual subsidence of the river and serious damage to old buildings and structures
along the riverbank. This fact would be followed up by adverse environmental, social, and economic
effect that could threaten the sustainable development of urban space. Therefore, it is necessary to
use efficient risk identification and assessment approaches toward a more effective risk management.
The goal of this study is to identify and prioritize the risks of river drought with regards to all
three sustainable development areas including environmental, social, and economic. The research
methodology was a mixed field method that included a set of questionnaires and interviews.
To evaluate collected data, the analytic network process (ANP) method was used. Eighteen important
risks were identified. Based on the results, decrease in the groundwater level, climate change,
and gradual soil degradation were ranked first, second, and third, respectively. As this study
examined the impacts of river drought on all three areas of sustainable development simultaneously
and comprehensively, it is expected that the results will fill the existing theoretical and practical gap
affecting improvements in assessment and management of sustainable development risks.
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1. Introduction

The Zayanderood River, which is a vital vein of fertility in the city of Isfahan, has experienced
drought and hydrological imbalances for the last two decades [1]. The Zayanderood is the biggest river
in the central desert of Iran. Zayanderood plays an important role in supplying drinking, industrial,
and agricultural water resources in Isfahan province. Unfortunately, the river’s movement has been
broken due to hydrological drought that has occurred in the last few years.
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As water is one of the most pressing human needs, drought and water scarcity are one of the
biggest challenges facing the development of the country in the present and future [2]. Therefore,
Zayanderood drought is one of the most important environmental, social, and economic crises in Iran
in recent years. Continuous trend of the drought will increase the intensity of the ecological changes in
Isfahan, endangering its life and future.

Development in the vicinity of the river is dependent on the riverbed and, in fact, has an interplay
as changes and instability in any of them systematically affect the other one. The severe decline in
groundwater resources, social tensions, drying up of the Zayanderood River, and Gavkhooni wetlands
are the major consequences of drought in Isfahan, which are a serious threat to sustainable development
of Isfahan [3]. Although apparently Zayanderood drought has nothing to do with the construction,
it should be noted that the long-term disruption of water in Zayanderood has been associated with
a decrease in the level of underground aquifers and a gradual subsidence of the earth which can
play a major role in damaging the structures and folds of existing buildings, especially historical
sites [4]. On the other hand, considerations on the possibility of gradual subsidence due to the drought
is necessary in the calculation of new buildings, and construction engineers should pay particular
attention to the design and implementation of buildings (in the context of structures or installations).
All of these can be a restraining factor to achieve the sustainable development goals of Isfahan, which
has been intensely focused by local authorities and managers in recent years.

The occurrence of any of the environmental, social, and economic consequences (as the three main
areas of sustainable development) of the emerging crisis certainly follow a series of long, medium, and
short-term causal relationships. In principle, the continuation of the Zayanderood drought process
has such a negative effect on environmental, social and economic dimensions that can therefore be
critical to the sustainability of Isfahan [3]. Among previous research work, there is no comprehensive
research that simultaneously examined the effects of the river drought on all three areas of sustainable
development. Therefore, the aim of this study was to prioritize effects of the drought on sustainable
development indicators in the buildings and urban space located in the vicinity of the river (as
identified risks). In order to achieve this goal, this study organized to thoroughly examine all three
environmental, social, and economic aspects of sustainable development using the risk assessment
model and Analytical Network Process (ANP) approach (as a multi-criteria decision-making method)
to control the situation, better management and improvements by identification, prioritization, and
assessment of the risks. An in-depth review of previous research showed that relatively less research
has investigated the effects of the drought on all three sustainable development indicators [5,6].
Throughout the literature, with careful study, it can be seen that only one or two aspects of sustainable
development have been considered in a single study, and none of these researches have been taken
into account in all three aspects. This is the latest gap between previous studies. The distinction
between the economy, environment, and community reflected by the sustainability indicators have
been studied in the literature [7,8], although the relative importance of the three dimensions on
assessment of sustainable development needs wider scientific agreement and standardization [9].
There is an indication that the environmental objectives and indicators of sustainable development are
more coherent than the social ones [10]. Also, most of the literature of sustainable development deal
with either socio-economic or socio-environmental development factors of the nations [9]. In addition,
no research that represents a comprehensive approach of experts (experienced in the area such as
geotechnical engineering, civil engineering, architecture, water resource engineering, economists and
other related specialties) has been found. In fact, this attempt has been made to bridge the gap between
previous studies.

2. Literature Review

Extensive study on the Zayanderood River drought has indicated that against the excessive
concerns on the issue of the Zayanderood drought crisis management and due to disregarding various
dimensions and consequences of this crisis, adequate control measures are not in place. Therefore, it is
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necessary to carry out a specific study on the different dimensions of the Zayanderood drought and its
effective risk management. As such, this study categorized the investigation into two major groups:
the first group examined the main roots and causes that have led to the Zayanderood drought, while
the second group considered the consequences of this drought.

2.1. Drought Causes

Disregarding the effects of climate change has a negative impact on sustainable development [11].
In an article on the effects of climate change on the flow of the Zayanderood River in Esfahan, Bowani
and Murid stated that the results showed an overall decrease in precipitation and an increase in
temperature [12]. Research performed by Moradi and Nozari also investigated climate change as one
of the causes of Zayanderood water scarcity and drought [13]. On the other hand, it has been claimed
that although climate change has no effects on temperature and rainfall in Isfahan, the relative humidity
decreased, the number of dry months increased, and, in fact, the climate has since become drier [14].

Globally, climate change has raised serious concern for many researchers. In this approach,
the research developed by Rajkovich and Okour highlighted the importance of planning for future
building stock by considering rapid global climate change instead of sole reliance on historical data [15].
Resilience sustainable development approach with regards to climate change is globally attractive [16].

2.2. Drought Effects

The effects of drought may influence environmental, social, and economic indicators.
Environmental impacts result in damage to air and water quality, degradation of landscape quality,
and soil erosion. Some effects are only short term, but other environmental impacts can create
long-lasting or even permanent effects in many different aspects.

Climate change may be due to regional climate change and geology. The Mediterranean region
is affected by climate change, which is mainly reflected in its effects on water supplies and lack of
flow. In Lebanon, the so-called “hydrological drought” caused a significant decline in water resources
(surface and groundwater) by 23 to 29 percent over the past four decades [17]. Hydrological droughts
reduce the water level of lakes and water reservoirs, reduce the quality of water, reduce the level of
supply for electricity generation, and result in financial and social damages [18]. Prediction and timely
alerts may result in application of the suitable water resources management [19].

In fact, changes in the annual natural precipitation table indicate that the decrease in groundwater
level is due to the interaction of precipitation and river flow, which has reduced the natural productivity
of groundwater [20]. Evaluation of the relationship between drought and its impact on surface and
groundwater resources shows that this relationship is significant with high correlation [21]. Variations
of flow in the study area have contributed significantly to the decline in groundwater levels. Therefore,
considering the decrease or unchanged groundwater discharge in recent years, it can be concluded
that the reduction of water flow in the Zayanderood has been significantly influenced by changes in
groundwater level, and in the areas with the greatest reduction in the water flow, the reduction in
groundwater level in areas near the river is more severe than in other areas [22].

The results of the research by Mirasi et al. suggest that a 23 m drop in groundwater level is one of
the major causes of soil subsidence [23]. The results of the study by Diaz et al. indicate that buildings
located in subdued areas are vulnerable, which can reduce the livability and, in some cases, endanger
safety of the structures erected in the area. Any inhomogeneity can intensify the consequences of
subsidence and cause serious damage to the building. In addition, soil inhomogeneities can worsen
damage due to changes in the thickness or properties of the following non-reforming layers [24].
Reducing soil moisture results in a decrease in groundwater levels [25]. On the other hand, the effect
of changes in groundwater level and soil moisture on the structural stability of buildings and ground
water systems and soil moisture conditions is expected as a result of environmental changes. Most of
the damage reported is to buildings where groundwater depletion occurs at shallow foundations.
However, deep piles can also be affected [26]. Simulation of the effect of the climatic changes caused
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by the increase in greenhouse gases on the Zayanderood flow has been done in other research in which
a decrease of flow in April and May was reported, of which a decrease in precipitation in these months
and an increase in temperature are the reasons [27].

There is also a social impact during periods of drought [28]. According to the results of Maleki
and Ahmad Pour’s research, during the period under study, it has been shown that drought has
had negative effects on the number of annual visits to Isfahan [29]. Citizens’ collective memories of
the river and its landscape are changing, and the identity of the river and the city is under serious
threat [30]. Zayanderood drought has also had economic, social, and psychological impacts on Isfahan
businesses, and has also had environmental impacts [31]. Zayanderood drought has an increasing
impact on reducing tourism in Isfahan as well [2]. In recent years, the crisis caused by microfluid in
Isfahan province and city has been one of the most tangible, natural disasters affecting the daily life of
citizens, and also the economy of the area. If the river drying process continues and the wetland water
right there in the near future, Gavkhuni wetland could also become a major source of microfluidic
production in Isfahan and even other provinces [32]. Incidence and the spreading of disease are among
other consequences created by the drought. The case becomes more critical due to the effects of infected
society on the environment, as pointed by Antronico et al [33].

The economic impact occurs in sectors that depend on water resources, in addition to sudden
damage to wind erosion. Climate change, in general, (due to the need to provide cooling at the houses
during the hot season) imposes an excessive load on the electricity supply [34]. Climate change affects
many aspects of building performance, as many parts of the existing and future buildings are likely to
be affected [35].

Hydrological drought and drying out of the river base, and climate change in the Zayanderood
and its impact on sustainable development indices has been addressed in relatively large studies
(e.g., [1,3,12–14,22,27,29–32]). Only one or ultimately two indicators of sustainable development in
each research have been addressed so far. None of them have addressed this issue comprehensively
with all three sustainability indicators. Cramer et al. emphasized the importance of considering a
comprehensive and coherent assessment of risks affecting sustainable development as well [5]. Figure 1
was developed by the authors throughout extensive study on the literature review. It shows the
causes and effects of drought in the Zayanderood, which are categorized into three groups (social,
environmental and economic related causes). The provided causes and effects are explicitly expanded
by the authors and analyzed quantitatively, as explained in Section 4.1.

Figure 1. Cause and effect diagram for Zayanderood drought.
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2.3. Risk Management

Formulating an efficient risk management system is a major challenge for construction project
managers [36]. In general, risk management is the process of assessing risk and then developing
strategies for managing risk. In general, strategies for used risk management include transferring risk
to other sectors, avoiding risk, mitigating the negative effects of risk, and accepting some or all of the
consequences of a particular risk [37].

In occupational health & safety assessment series (OHSAS) 18001, risk is a function of the
probability and consequences of a specified hazardous event. The overall process of estimating risk
and making decisions about risk tolerance is called risk assessment. The process of risk assessment
acts as a bridge between proper risk assessment and the balanced management of major risks [38].
Risk assessment that has been carried out in this study followed the UK’s health and safety executive
(UK’s HSE) model including four steps:

1. Identify risks;
2. Who may be harmed and how they will be harmed;
3. Risk assessment of risk;
4. Record the findings.

Risk assessment is a rational way to quantify the risks and examine consequences of potential
accidents on individuals, materials, equipment, and the environment. Unfortunately, due to the
predominance of physical factors, social aspects and their effects are typically being ignored by many
risk assessors [33]. While, in order to applying the effectiveness of existing risk control methods
and risk mitigation, it is a necessity to consideration and identifying of all aspects and possible risks.
In general, risk assessment requires the calculation of two risk components; namely, severity of the
event’s outcome and the probability that the event will occur. There are three ways to gain probability
weight or severity weight outcome:

1. Numerical methods that result in a number;
2. Qualitative methods that result in a certain quality in risk;
3. Semi-quantitative methods Most of these methods use the risk matrix [39].

This study used a semi-quantitative approach to risk assessment. In this context, the theoretical
framework developed by Connelly et al. illustrated risk management approach for climate change
adaptation (see Figure 2) [40]. This research defined probability as the chance of occurrence of the risk,
while the presence of a hazard is not indicating the risk, but rather, a hazard only becomes a risk when
a system is exposed to the hazard and is vulnerable to it should it be exposed. The following formula
was addressed in advance:

Figure 2. Risk management for climate change adaptation [40].
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Risk (R) = f (Probability of a Hazard (p), × Exposure (E), × Vulnerability (V)

3. Research Methodology

The research method consists of two stages. The first step is to identify the major risks of river
drought. This phase consists of a comprehensive study of previous studies in the field of research,
to identify and classify all risks associated with river drought. Important risks were identified through
structured interviews and questionnaire distribution among experts. In the next step, weight and
prioritize risks are identified. The network analysis process (ANP) is used to weigh the risks identified
in the previous step. The ANP method was selected based on a comprehensive study of methods that
could show the relationship between risk and feedback [41]. ANP approach is preferable in order to
identify the problems of interdependence and feedback between various risk ranking alternatives [42].
Typically, the experts targeted by the ANP method determine the relationships between the indicators
(here the indicators are referred as risks) based on their experience and expertise. However, failure
to allocate appropriate relationships between risks and the multiplicity of them accordingly increase
the likelihood of errors in the judgment and calculations of the experts while answering the pairwise
questionnaire used by ANP. During this phase, the network of relationships between risks is formed.
Thereafter, the interdependence of risks is based on sustainable development indicators. Finally,
the weight of each risk is determined by pairwise comparisons based on the questionnaire. Figure 3
shows the two main steps of this research.

Figure 3. Research framework.
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3.1. Data Collection

Data collection is one of the most important parts of any research project. True accomplishment of
this on a regular basis would result in good speed and accuracy of data analysis. The data collection in
this study was a combination of library and field methods as described next. The information needed
is collected in two ways:

1. Receive expert opinions through questionnaire and interview;
2. Valid scientific sources, articles, bibliographies, etc.

The research questionnaire will be provided to the research experts and their comments will
be obtained. In this study, the sample size is selected using the Cochran formula according to the
unknown population [43]. To calculate the sample size, there must be an estimate of the size of p,
which can be obtained from previous studies. Also, it can be estimated based on the experience of
experts in the field or guiding study. If none of the above methods is feasible, assume p = 0.05 to obtain
the maximum number of samples possible [44]. In this study, the value of p was considered equal
to 0.05.

n =

z2pq
d2

1 + 1
N

[
z2pq
d2 − 1

] (1)

Wherein: N is the population volume; z = 1/96; p = q = 0. 5; d allowed error (error value). Thus,
according to the unknown population, 65 people were selected as the sample size.

Cronbach’s alpha coefficient was calculated by SPSS software to determine the reliability of
the questionnaire based on the collected data. The results are visible in the table below (Table 1).
The validity of the questionnaire was checked by expert opinions.

Table 1. Validity and reliability of research tools.

Questionnaire Validity Reliability

Factors Identification Expert opinions 0.84 (Cronbach’s alpha)
Analytic Network Process (ANP) Expert opinions Consistency Rate (CR)

Selection of Expert Panel

The selection of the panel list and survey question formulations play a significant role in
determining the reliability of the research. Experience and knowledge in the field of sustainable
development and understanding of its issues are the most important criteria in deciding the credibility
of the study. In order to ensure the credibility of this study, the respondents were carefully selected,
based on criteria such as their degree, level of experience, and their profession (civil engineering,
architecture, urban planning, academic economists and urban manager). The questionnaire was
distributed to approximately 65 respondents. A total of 48 completed questionnaires by experts was
collected, representing a success rate of 74%.

Table 2 shows the background information of the respondents. These experts represent a vast
spectrum of experts on environmental, social, and economic issues, and provide a balanced view for
the questionnaire survey. As shown in Table 2, professional backgrounds of the participants mainly
include civil engineering, architecture, and urban planning, although the presence of respondents
from urban managers and academic economists reflects the comprehensiveness of respondents in all
three aspects of sustainable development; namely, the economic, social and environmental aspects.
Furthermore, more than 93% of them have more than five years experience in their sectors.
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Table 2. Background information of the respondents.

Category Respondents

Frequency Percentage

Role (Profession)
Civil engineering 17 35.42

Architecture 12 25.00
Urban planning 11 22.92

Academic economists 4 8.33
Urban manager 4 8.33

Total 48 100

Academic degree
Bachelor 14 29.17
Master 21 43.75

Doctorate 13 27.08
Total 48 100

Experience level
Up to 5 years 3 6.25

6–10 years 9 18.75
11–15 years 27 56.25

More than 16 years 9 18.75
Total 48 100

3.2. Risk Assessment

Risk assessment determines the quantitative and qualitative value of the risks. It is clear that the
results of this step determine the ability to properly manage the identified risk factors according to
the circumstances. Risk assessment and prioritization determine the areas in which risk management
should be more focused. In this study, evaluation and prioritization will be based on multi criteria
decision making. An ANP technique was used for this purpose.

The ANP model was developed by Saaty to solve the analytical hierarchy process (AHP) model
problem, which is an advanced model for decision making and analysis [45]. This model is capable of
calculating the consistency of judgments and flexibility in the number of levels of judgment criteria.
The ANP model is in fact the generalized model of the AHP hierarchical process analysis method,
which does not follow AHP assumption about lack of relationship between different levels of decision
making [46]. In this study, the Saaty judgment scale (Table 3) is used to express the significance of
each risk.

Table 3. Fundamental Rating Scale of Thomas L. Saaty for Pair-wise Comparison Matrix [41].

Intensity of Importance Definition Explanations

1 Equal Importance Two activities contribute equally to the objective
2 Weak /Light —
3 Moderate Importance Experience and judgment slightly favor one

activity over another
4 Moderate Plus —
5 Strong Importance Experience and judgment strongly favor one

activity over another
6 Strong Plus —
7 Very Strong or demonstrated

Importance
An activity is favored very strongly over another,

its dominance demonstrated in practice
8 Very, Very Strong —
9 Extreme Importance The evidence favoring one activity over another

is of the highest possible order of affirmation.



Sustainability 2019, 11, 6797 9 of 20

Description of Using ANP for Risk Assessment

In order to consider the dependencies and feedback between the risks and the criteria, it is necessary
to examine the risk assessment tools, techniques, and their capabilities. Given the high potential of the
ANP method in decision-making applications, and considering dependency among factors, it was
used for data analysis. Important risks identified were weighted based on their dependence and
feedback. The weight and final ranking of risks were obtained through the Super Decisions software.
Based on the assumptions and the research method, data analysis was started after identifying the
criteria influencing risk prioritization. To do this, a questionnaire survey was provided to distribution
among existing experts in the fields of architecture, civil engineering, and urban planning based
in municipalities and affiliated companies. The research and ranking the risks of the Zayanderood
drought by ANP method are summarized as follows:

Step 1: Determine clusters, elements, and sub-elements to be initially used in the recommended
model. The key selection elements and sub-elements are determined in this step by experts. In the
model network decision, one set of elements is involved: one element and one sub-cluster are
determined for the criteria. These elements are identified as optimal risk allocation criteria.

Step 2: Build an ANP network structure, including clusters, elements, sub-elements,
and alternatives utilizing Super Decisions software.

Step 3: Obtain a pairwise comparison matrices between various groups and the various risk factors
within the same group. These comparisons were collected in comparison matrices. The following
question was asked of the expert team to compare each criteria group and criteria factors with attention
to their impact on the risk assessment of each risk. The experts were asked to perform a pairwise
comparison using an ANP scale (1–9). To reflect the interdependencies of this simple network, pairwise
comparisons among all the groups and risk factors were performed, and these relationships were
evaluated. The averages of the answers were inserted into the Super Decision software to calculate
consistency of pairwise comparison matrices. Consistency rate (CR) was used to check consistency
according to the pairwise comparison. If the value of CR was less than 0.1, it indicated that such a
pairwise comparison matrix contained satisfactory consistency [41].

Step 4: The next step is to create un-weighted, weighted, and limit super-matrices of all the
elements within a network structure. The un-weighted super-matrix includes the local priorities
insulated from the pairwise comparisons. Influence priority is assigned as zero when an element has
no influence on another element [36]. Multiplying the cluster weights to their relative blocks in the
un-weighted super-matrix yields the weighted matrix. In this method, the component is weighted
with its corresponding cluster matrix weight. Then, the weighted super-matrix must be converted to a
limited matrix by raising the weighted super-matrix to powers [38]. The results of the priorities are
extracted and obtained from the limit matrix. The above computing process is accomplished using
Super Decision software. Finally, the final ranking of each risk factor using ANP weights are obtained
in this stage.

Super Decisions implement the ANP. It is decision-making software which works based on
two multi-criteria decision-making methods: AHP and ANP [41]. The Super Decisions software is
used for decision-making with dependence and feedback. This software provides tools to create and
manage ANP models, enter judgments, obtain results, and perform sensitivity analysis on those results.
Super Decisions software has been applied by many researchers in the fields of risk management and
sustainable decision-making, such as water safety and health, social and economic risk assessment,
and flood hazard (e.g., [42,45,47–50]). In this study, all of the second, third, and fourth steps were
conducted by Super Decisions software.

3.3. Area of the Research

Iran is located in an arid zone and has faced a serious water shortage crisis over the past several
years. Its precipitation is approximately one third of the global average, and distribution of monthly
rainfall has changed in recent years. The drought in Iran has become one of the most important
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problems in the country, which is experiencing a range of drastic environmental, social, and economic
problems in need of being urgently addressed [51].

The Zayanderood is the largest river of the Iranian Plateau in central Iran. The Zayanderood
riverside has always been the center of all social and economic activities in Isfahan, one of Iran’s main
tourist attractions. 80% of the Zayanderood extracted water is used for agriculture, 10% for human
consumption (drinking and domestic needs of a population of 4.5 million), 7% for industry, and 3% for
other uses [52].

The Zayanderood once had significant flow all year long, unlike many of Iran’s rivers which are
seasonal. In the early 2010s, the lower reaches of the river dried out completely after several years of
seasonal dryouts. After 14 consecutive years of hydrologic droughts and climate change, parts of the
river in areas near Isfahan have turned into dry riverbed.

Drought has damaged the agriculture sector severely in this region, because when drought occurs,
the residential and industry sectors are given priority. On the other hand, the upstream section of the
river after Zayanderood dam does not experience any water limitation in times of drought; therefore,
the full impact of drought pressures is imposed on the downstream section of the river [53]. Moreover,
drought causes many problems for the population, as dust storms are frequently observed in those
areas. Besides, the water shortage problem further complicates the daily life of the people. The area of
research is shown in Figure 4.

Figure 4. Area of the research.

In principle, continuation of the Zayanderood drought process has negative effects on social,
economic, and environmental aspects. Therefore, considering the importance of this issue, it can be
concluded that this issue is vital for the sustainability of Isfahan.

The study area comprises, on average, a 500 m radius of the northern and southern margins of
the Zayanderood River in Isfahan. This area includes buildings with different uses that are clearly
displayed on the user map. As shown in the map (Figure 5), the use of buildings in the study area
includes residential, commercial, educational, administrative, religious, health, cultural, hotel, tourism,
and outdoor uses, with the most residential use being in this area.
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Figure 5. Buildings within the study area.

4. Results and Discussion

In order to examine the risks affecting the sustainable development indicators, examining the
relevant literature thoroughly and comprehensively was attempted. Although there have been good
researches on the subject under study, according to other studies, it can be said that in scale with
other natural crises, the issue of river drought and its effects on sustainable development have never
been studied. However, using the available research background and theoretical foundations, there
were 26 risks arising from the effects of surface and groundwater drought on the river. These risks
are divided into three main sustainable development groups (environmental, social, and economic).
Out of the 26 identified risks, 17 are related to the environmental category, 6 are social-related, and 3 are
economic. Therefore, it can be said from a general perspective that from previous studies, the effects of
hydrological drought of the river base have the greatest impact on environmental and social indices,
while at the same time there are many economic risks in regards to urban sustainable development
(Table 4).

A questionnaire (Appendix A) was designed to identify the sub-criteria and was distributed
among specialists. The work was conducted through a structured interview to ensure that respondents
had a full understanding of the questions. Then, the final sub-criteria were identified by collecting the
questionnaires. It should be noted that the risk has been calculated as the results of multiplying three
dimensions (effects, proneness, and exposure) that were included in the distributed questionnaires.
Risks and their attributed weight have been illustrated in a scatter diagram, shown in Figure 6.
Blue dots in Figure 6 represent the risk factors, and their attributed number is the number of each risk
factor according to Table 4. As shown in Figure 6, eight risks have been located at the left side of the
risk limit line. The risk assessor in this research opted to eliminate risk below 18 as unimportant or
effective risks. The risk limit line is obtained by calculating the standard deviation of all values, which
is 18.18.
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Table 4. Risks identified from the research literature and experts’ opinion.

No. Criteria Sub Criteria Questionnaire Result Code

1

Environmental

Soil drying Confirmation SD
2 Degradation and erosion of soil Confirmation DES
3 Lowering the static ground water level Confirmation DUWL
4 Climatic change Confirmation CC
5 The gradual land subsidence Confirmation GSE
6 building structures damage, especially old buildings Confirmation DBS

7 Risk of sudden collapse and all construction being
overshadowed disapproval —

8 Creating gaps in the building and the ground Confirmation CGG
9 Reducing the quantity and quality of drinking water disapproval —

10 Wastewater problems due to drought disapproval —
11 Air pollution, dust Confirmation APDF
12 wells drying Confirmation WD
13 Material drying disapproval —

14 Changes in ground seismic Impacts due to
Climatic Changes disapproval —

15 Damages to construction installation Confirmation DBFN

16 Impact of Climatic Changes on Building Materials
(Crack in Concrete, Bricks, and . . . ) disapproval —

17 Impact of climatic change (increasing temperature)
on building performance (energy consumption) disapproval —

18

Social

Reducing residents’ sense of interest for returning to
river side urban spaces Confirmation RAPR

19 Threatening the lives of riverside local communities disapproval —
20 Increasing residents’ illness affliction Confirmation IIDCR
21 A serious threat about Zayanderood identity Confirmation STIR
22 Reducing the aesthetic value of the view Confirmation RAVL
23 Degrading the quality of life Confirmation DRQ

24
Economic

Tourism industry degrades (decrease in tourist
attraction and the period of their presence) Confirmation LITI

25 Migration Confirmation M

26 Disturbing the Economic Balance of beneficiary
Communities (Reducing job Creation) Confirmation RJCOE

Figure 6. Risk identification for Zayanderood river drought.
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According to the results of the initial questionnaire, 8 sub-criteria were not approved by experts
and experts related to the problem. As a result, there are 18 sub-criteria (out of 18 factors, 10 are related
to the environmental category, 5 are social-related, and 3 are economic) that influence the evaluation,
which are then examined using ANP. After confirming the effective criteria, the second questionnaire
(Appendix B) addressing the experts was conducted as well. The relationships between the sub-criteria
were determined, and then the opinions of 48 research experts were collected based on the second
questionnaire (Figure 7 is an example of the relationships depicted in the ANP model using Super
Decision software). In this section, we compiled tables from the combination of 48 respondents who
responded to this questionnaire, each of which has a pair of comparative matrix houses from the
geometric mean of 48 respondents. The geometric mean of the different views makes the incompatibility
rate of each matrix smaller than the incompatibility rate of the pairwise comparisons of each individual.

Figure 7. Inter/outer relationship among criteria and sub-criteria using Super Decisions software.

4.1. Criteria and Sub Criteria Prioritization

As can be seen in Table 5, the criteria and sub-criteria were ranked according to their final weight
in the Super Decisions software. Figure 8 also shows the weighting of the main environmental, social
sustainability, and economic sustainability indicators.

Figure 8. The weight of main criteria.
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Table 5. The weight and rank of criteria and sub-criteria.

No. Criteria Criterion
Weight

Criterion
Ranking Sub-Criteria Weight of

Sub-Criteria
Rank of

Sub-Criteria

1

Environmental 0.7884 1

Soil drying 0.0223 12
2 Degradation and erosion of soil 0.182 13
3 Lowering the static ground water level 0.1717 1
4 The gradual land subsidence 0.1219 3

5 Damage of building structures, especially
old buildings 0.0923 4

6 Creating gaps in the building and
the ground 0.498 8

7 Air pollution, dust 0.0829 7
8 Damage to construction installation network 0.0873 6
9 wells drying 0.0095 17
10 Climate Change 0.1325 2

11

Social 0.1483 2

Reduce residents’ sense of attachment for
access to urban spaces along the riverside 0.0263 11

12 Increase of catching the residents’ illness 0.0887 5

13 A serious threat about the Zayanderood
identity and Isfahan city 0.0133 16

14 Reducing the aesthetic value of the view
along the riverside 0.0141 14

15 Decreased quality of life in the
residential environment 0.0322 10

16
Economic 0.0666 3

Less revenue from the tourism industry 0.0443 9
17 migration 0.0078 18

18
Reducing employment creation and
disturbing the economic balance of

beneficiaries communities
0.0136 15

4.2. Data Validation

Numerous methods have been used to validate prioritization results from the ANP model,
including use of the statistical method in the study by Fuertes et al. [54], and comparison to other
methods such as studies developed by Sun and Meng [55] and Juan et al. [56], and application of VIKOR
(Vlse Kriterijumska Optimizacija Kompromisno Resenje which means multi criteria optimization and
compromise solution, in Serbian) in the study by Mohammadi et al. [57]. In order data validation,
the authors found the use of a statistical method to be appropriate for this study.

For this purpose, a survey is developed to evaluate the expert satisfaction from ranking with
the ANP model while comparing that with the primary risk assessment carried out by the first
questionnaire. The respondent of the evaluation survey included 2 members with civil engineering
backgrounds, an economist, and 3 urban planning professionals (designers and planners). Evaluators
are assessed and selected based on their level of experience, background, and their authorization.
The results showed that the rate of satisfaction among the evaluators is 0.89. Evaluation criteria and
responses of the experts are represented in Table 6.

Table 6. Evaluation of risk prioritization with Analytic Network Process (ANP).

Criteria Expert1 Expert2 Expert3 Expert4 Expert5 Expert6 Sum Percent

Accuracy of results 5 5 5 5 5 4 29 95
Time spent to respond 5 3 4 5 5 5 27 90
Complexity to respond 4 3 3 5 5 5 25 83

Understandability
of questions 5 4 5 4 4 5 27 90

Flexibility of questions 4 4 4 5 4 5 26 87

Average 89
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5. Conclusions

Drought is one of the climatic events that exhibit different forms in the vast expanse of Iran,
influencing the natural life of its inhabitants. Drought, rising temperatures, and evapotranspiration,
increased consumption patterns, and poor management are the fundamental elements of a water crisis.
Zayanderood River, because of these reasons, is faced with severe economic and social challenges,
and management of water resources. Although much research has been done by previous researchers
on the origin of drought and its associated risks, the originality and innovation of the present study is
to adopt a risk-based approach to identify and prioritize the risk of drought impacts on sustainable
development indicators of its surrounding buildings. This study seeks to improve previous results
by examining dependence, feedback, and interaction between risks. The results of this study play
a significant role in the management of the drought crisis. Such results enable the decision maker
to make deeper decisions, such as focusing on important priorities and finding possible alternative
solutions. Drawing risk-based policies can reduce the level of damage in this regard. The key findings
and main results of the present study are summarized as follows:

The first objective of this study was to identify and classify the risks associated with the
Zayanderood drought affecting sustainable development indices. First, a comprehensive study of
past literature was conducted to identify the risks associated with river drought, and in particular
the risks of groundwater depletion. Several face-to-face interviews were held with experienced civil,
architectural, and urban design professionals. Based on the findings of previous studies, 26 risks were
identified, which were reduced to 18 important risks according to the results of the questionnaire
distributed. These risks were classified into three groups according to sustainable development
indicators. These include environmental, social, and economic. The most important results for this
purpose are summarized below:

1. A comprehensive study on the Zayanderood was conducted to identify related risks;
2. To identify the significant risks structured interviews with industry experts has been done;
3. In general, 18 important and key risks associated with drought were identified;
4. Risks were categorized into three environmental, social, and economic groups.

The second purpose of this study was to determine the weight of each of the major risks based on
the dependence and feedback between the risks and the indicators. Analytic Network Process (ANP)
method was chosen for data analysis because of its ability to consider the dependence between criteria
and sub-criteria. The network structure was formed by a panel of experts in different fields, including
civil engineering, architecture, and urban planning to illustrate the interaction between risks. At the
same time, a pairwise comparison questionnaire was developed to determine the degree of importance
of each risk. After the questionnaires were distributed and collected, Super Decision software was
used for data analysis. The weight of each risk was obtained according to three environmental, social,
and economic indicators. In fact, the weight of each risk reflects the impact of that risk on sustainable
development indicators. Among the 18 identified risks, environmental risks were the most weighted
and social, and economic risks ranked in second and third place. Identified risks were then assessed
and prioritized. The set weights were considered their final ranking.

The analysis the ranking of the risks associated with the Zayanderood droughts represented a
significant impact of the drought on underground water level. The sub-criterion weight ad 0.1717 in
this model. Climate change with the weight of 0.1325 and gradual subsidence of land with the weight
of 0.1219 ranked in second and third place. Devastating effects on the structure which were considered
in three sub-criteria, including of structural defects especially in old buildings, defects in installations,
and creating cracks between structure and foundation attained fourth, sixth, and eighth rankings.
On the other side, the effects on immigration with the weight of 0.0078, drying of well sheds with the
weight of 0.0095, and negative impact on river identity with the weight of 0.0013 were identified as
least important impacts of the drought, respectively.
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The analysis confirms the interplay between climate change and the Zayanderood drought in
a way that any of them give rise to the other one. The fact can be interpreted from Figure 1 as well.
Decrease in participation rate and increase of temperature act as both cause and effect of the drought.
As the participation rate decreases and the temperature rises, the drought will increase, and with the
continuing trend of drought and river evaporation the weather will become hotter and participation
would be reduced. In later stages, this can lead to secondary effects, such as increased disease burden
and lower quality of life. On the other hand, as the effect of the Zayanderood drought crisis has been
noted in many previous studies (including [20–22]) the impact of this crisis on the level and storage of
groundwater levels was determined as very high by this study. The issue requires serious consideration
and specific control measures to manage the risk. Since, in addition to the destructive impact of this
factor on other environmental factors such as climatic conditions, soil subsidence, damage to the
installation network, and the structure of buildings, this factor causes other consequences in social
contexts and material damages. Therefore, it can be concluded that the negative impact of the drought
crisis on the groundwater table is the most important and fundamental consequence of this crisis.
With this regard, particular attention should be paid to the issue of river drought based on sustainable
development concerns.

Due to the city of Isfahan facing the problem of climate change, it is suggested that urban buildings
adopt and adapt more to the current and future conditions in the construction industry, refurbishment,
and improvement in accordance with the circumstances.
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Appendix A. Questionnaire on the Risk Identification (Questionnaire 1)

Dear Expert,
The purpose of this survey is to identify a complete list of risk factors affecting sustainable

development indicators due to Zayanderood Drought. How much do you agree with the following
factors? (Intensity of Importance: 1 = Not Important; 2 = Low Important; 3 = Moderately Important;
4 = Important; 5 = Very Important).

No. Criteria Sub criteria
Probability Exposure Vulnerability

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1

Environmental

Soil drying

2 Degradation and erosion of soil

3 Lowering the static ground water level

4 Climatic change

5 The gradual land subsidence

6
building structures damage, especially

old buildings

7
Risk of sudden collapse and all

construction being overshadowed

8
Creating gaps in the building and

the ground

9
Reducing the quantity and quality

of drink . . .

10 Wastewater problems due to drought
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No. Criteria Sub criteria
Probability Exposure Vulnerability

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

11 Air pollution, dust

12 wells drying

13 Material drying

14
Changes in ground seismic Impacts due

to Climatic Changes

15 Damages to construction installation

16
Impact of Climatic Changes on Building
Materials (Crack in Concrete, Bricks, etc)

17
Impact of climatic change (increasing

temperature) on building performance . . .

18

Social

Reducing residents’ sense of interest for
returning to river side urban spaces

19 Threatening the lives of riverside local . . .

20 Increasing residents’ illness affliction

21
A serious threat about
Zayanderood identity

22 Reducing the aesthetic value of the view

23 Degrading the quality of life

24
Economic

Tourism industry degrades (decrease in
tourist attraction and the period of

their presence)

25 Migration

26
Disturbing the Economic Balance of

beneficiary Communities
(Reducing job . . . )

Appendix B. An Example of Pairwise Comparison Questionnaire

Dear Expert,
The purpose of this pairwise comparison is to determine of the importance of sub criterion

according to sub criterion of air pollution and dust in social group. For example: What is the
importance of Increasing residents’ illness affliction to the Degrading the quality of life, according to
the due to air pollution and dust? (Intensity of Importance: 1 = Equal Importance; 2 = Weak /Light;
3 = Moderate Importance; 4 = Moderate Plus; 5 = Strong Importance; 6 = Strong Plus; 7 = Very Strong
or Demonstrated Importance; 8 = Very, Very Strong; 9 = Extreme Importance).

Sub Criterion of Air Pollution and Dust

1 Degrading the quality of life 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Increasing residents’ illness affliction

2 Degrading the quality of life 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reducing the aesthetic value of the view

3 Degrading the quality of life 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
Threatening the lives of riverside

local communities

4 Increasing residents’ illness affliction 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reducing the aesthetic value of the view

5 Increasing residents’ illness affliction 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
Threatening the lives of riverside

local communities

6 Reducing the aesthetic value of the view 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
Threatening the lives of riverside

local communities
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