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Abstract
Nowadays, the world is facing rapid urbanization and increasing desertification. Therefore, 
urban planning in these regions should be based on comprehensive understanding of the 
constraints and vulnerabilities of arid lands. In this study, the sustainability condition of a 
rapidly growing city in a dry landscape, Yazd, Iran, was assessed using a previously devel-
oped framework. The framework is based on the conceptual principle of close relations 
between structure and function and is comprised of three main components and 16 metrics. 
By evaluating the status and trends of these metrics, and using the analytical hierarchy 
process method, the score of Yazd sustainability was determined as 0.28 out of 1.0, indicat-
ing the city is far from a state of sustainability. Current urban development policies in this 
region exacerbate unstable conditions. Given the constraints on achieving urban sustain-
ability in arid regions, physical urban development should be aligned with local ecological 
potential. In the process of urban growth, local knowledge and ecological values in these 
areas must be protected. Applying this sustainability assessment process in other dryland 
cities will improve this evaluative framework and help achieve rational principles for sus-
tainable urban development strategies in arid lands.
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1  Introduction

Drylands occupy 41.3% of the Earth’s surface, 90% of which are located in developing 
countries. Approximately 25–30% of the world’s population (2.1 billion people), with 
18.5% Population growth rate which is higher than other ecological zones, live in arid and 
semiarid regions (United Nations, 2019). There are many cities in arid lands that are grow-
ing rapidly due to the expansion of urbanization in the world. Many of these cities are 
severely vulnerable to physical, ecological, and climate change constraints (Baker et  al. 
2004), and hence these cities are moving away from sustainability as a result of the over-
whelming expansion. Accordingly, it is extremely important to study the sustainability of 
cities in arid lands. Determining the status of urban sustainability helps urban managers to 
plan for a more sustainable future.

Urban sustainability is a multidimensional concept that incorporates a combination of 
economic, technological, ecological, and social systems (Kremer et  al. 2019). Indicator-
based approaches have been used in many studies to measure urban sustainability. Such 
approaches provide essential information for decision-makers and urban planners to 
improve urban environmental quality (Hiremath et al. 2013). Hitherto different frameworks 
have been developed for urban sustainability assessment. In each of these frameworks, it 
has been attempted to address the issue of urban sustainability from a number of dimen-
sions or all aspects of sustainable development, for example, City Prosperity Index (CPI) 
(UN-Habitat 2015), Sustainability Assessment by Fuzzy Evaluation model (SAFE) (Phillis 
et al. 2017), and Iraqi Urban Sustainability Assessment Framework (IUSAF) (Raed Fawzi 
and Monjur 2018).

Although many frameworks have attempted to address urban sustainability issues com-
prehensively, there is a need for a framework that focuses on evaluating urban sustainabil-
ity in arid lands, especially on the basis of ecological approaches.

The new approach of urban ecology is influenced by landscape ecology (Wu 2014; Wu 
et al. 2011; Wu and Wu 2013). The intellectual basis of landscape ecology focuses on the 
close relationships between structure and function (Forman 1995). Based on this approach, 
cities are defined as socioecological systems, and their performance is interpreted based on 
relationships between urban patterns and ecological processes (Alberti and Marzluff 2004). 
Accordingly, any changes in the physical structure of the cities and suburbs will result in 
functional changes in ecosystem services (Tratalos et al. 2007; Wu 2013; Young 2010) and 
other environmental functions such as hydrological system failure (Arnold and Gibbons 
1996), and changes of energy flow and food cycles (Grimm et al. 2000).

Based on this approach, a number of different frameworks have been developed to 
assess urban sustainability (Pickett et  al. 2001; Grimm et  al. 2000; Alberti et  al. 2003; 
Alberti 2005). These frameworks are designed based on relationships between causes and 
effects and also the relations between structure and function in cities.

Based on these theoretical foundations of structure–function relations, a framework to 
assess urban sustainability is developed here that is comprised of three main components: 
Urban Pattern of Biophysical Structure, Urban Ecosystem Dynamic and Function, and Cit-
izens’ Security and Satisfaction. A total of 16 quantitative criteria (metrics) are defined 
within these three components to measure sustainability of cities in arid lands. The rel-
evance of each metric, based on environmental importance, is provided in Table 1.

The purpose of this study is to apply the proposed indicator framework to evaluate the 
sustainability of the city of Yazd, Iran. Yazd is one of the important cities of Iran and is 
located in an arid landscape. Despite environmental constraints, Yazd has experienced 
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rapid growth in recent years. Evaluating the status of sustainability in Yazd can therefore 
provide a beneficial example for planners and decision-makers to better understand the vul-
nerability of dryland cities.

2 � Materials and methods

Yazd is located in the middle of the Persian Plateau (Fig.  1) between the Shirkouh and 
Kharanagh Mountains at an elevation of 1215 m above sea level and in a wide plain called 
Yazd–Ardakan. According to the Koppen system of climate classification, which is based 
on annual rainfall and average annual temperature, the city is classified as a desert region 
(Hammon 1 Consultant Compony 2016). Yazd is currently the 15th largest city in Iran and 
in 2016 had a population of 529,673 and an estimated growth rate of 2.02% (Statistical 
Center of Iran 2016).

Data for the 16 studied metrics were obtained from a variety of sources, including inter-
pretation of satellite imagery, statistics, and information provided by different organiza-
tions, and questionnaires filled out by local citizens. It is important to note that it was not 
possible to evaluate trends and index changes using a single uniform time period for all 
metrics, due to constraints and lack of data access. Therefore, in order to provide the same 
basis for comparison within the indicator framework, the 16 metrics were weighted accord-
ing to the method of AHP.

Landsat satellite images from 1991 and 2018 (U.S. Geological Survey 2019) (Table 2) were 
used to prepare maps categorizing land cover in three classes: green, open, or built-up area.

After the provision of satellite data, in order to prepare the data to be processed and 
to extract efficient information, geometrical correction of images was carried out using 
vector-based topographic mapping. Spectral and radiometric enhancement of images 
was performed to clarify the coverage, improve the quality of images, and eliminate 
adverse effects of light and atmosphere distortion. Land covers were classified using 
maximum likelihood algorithm. Map accuracy was assessed using ground truth mapping 

Fig. 1   Location of Yazd-Iran
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and the results were considered as satisfactory. In the interpretation of data, the land use 
maps with 1:2000 scale and personal experiences of field surveys were used. Land cov-
erage classifications for 1991 and 2018 are shown in Fig. 2.

Landscape metrics were calculated using Moving window tools in FRAGSTAT 4.2 
software (McGarigal et  al. 2012). This technique makes it easier to interpret the met-
rics because it shows the results of the metrics calculation as zoning map. Utilizing a 
variety of urban sustainability metrics as described below, the sustainability of Yazd 
was quantified using the analytical hierarchy process (AHP), a multi-criteria decision-
making technique developed by Thomas Saati (Saaty 1980). AHP is a structured method 
for analyzing both quantitative and qualitative decision criteria and uses an appropri-
ate weighting system based on pairwise comparison. Expert judgment was then applied 
to weight criteria and subcriteria with scores (1 to 9). A team including seven experts 
selected for decision on weight of component of AHP structure based on their back-
ground and experience on the subject of urban planning and urban environment. The 
weighting was considered acceptable if the inconsistency ratio in the expert judgments 
was less than 0.1 (Saati 1990).

Table 2   Satellite imagery 
specifications

Satellite Sensor Reference Date

Landsat8 OLI USGS 2018 Jun 12
Landsat5 TM USGS 1991 Jun 18

Fig. 2   Land coverage map of Yazd in 1991–2018
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3 � Results

3.1 � Pattern of ecological structure: Yazd

This group of urban sustainability indicators is related to urban ecological structure of 
Yazd that produces the ecological services. Urban green spaces are the most important 
ecological structure in a city like Yazd. Therefore, our analysis is based on the analysis 
of the composition and configuration of green patches. The criteria used in this analysis 
include spatial heterogeneity, connectivity, and modularity.

3.1.1 � Urban pattern of biophysical structure in Yazd

Spatial heterogeneity of green patches in the city of Yazd was assessed using two met-
rics: patch area (PLAND) and patch density (PD).

Green patch areas in Yazd (PLAND) PLAND is one of the most important metrics to 
measure landscape composition and quantifies how much of a target patch type (green 
patches) exists within the landscape (Yazd). Figure 3 shows the area and distribution of 
green patches, defined as areas containing greater than 50% vegetation, in Yazd in 2018. 
Green patches occur in very limited areas and only in the old gardens of the city. The 
majority of Yazd is in a severely degraded condition with substantial areas having vegeta-
tion cover of less than 25%.

Aggregation and density of green patches (PD) in Yazd Green patches in urban land-
scapes affect a variety of ecological processes, such as biodiversity. Patch density is the 
most useful metric as the basis for computing other more interpretable metrics and is deter-
mined as the total number of patches in the city divided by the total area of the landscape 
and is expressed as Number per 100 hectares. Through this metric, we can compare differ-
ent landscapes. As shown in Fig. 4, the density of green patches in most areas of Yazd is 
less than 40, meaning that in most areas, green patches are disaggregated. Patch density is 
greater than 80 only in the old gardens area of the city. 

3.1.2 � Connectivity of green patches in Yazd

Connectivity of green patches in Yazd was assessed using two metrics: Euclidean dis-
tance to nearest-neighbor patch (ENN) and intensity of the patch (GYRATE).

Euclidean distance to nearest-neighbor of green patches (ENN) The ENN metric is 
defined as the Euclidean distance between each individual patch and the nearest patch of 
the same type. This metric quantifies the amount of isolation for patches of the same type 
(e.g., green patches of Yazd) and is expressed as the arithmetic mean or the average weight 
of the nearest distance neighborhood. Figure 5 shows the ENN values of green patches in 
Yazd. In the old gardens area of the city, the average neighborhood distance between green 
patches is between 50 and 100 m, whereas in the majority of the city, distance between 
green patches (generally urban green spaces) is more than 100 m, indicating these patches 
are more isolated and farther apart.

 Intensity of green patches (GYRAT) Intensity of patches (GYRAT) is a metric measur-
ing the extended area of patches (or their intensity) and indicates how far across the land-
scape a patch extends. This metric is calculated as the average distance between each cell 
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in the patch to the center of the patch [54]. Then it was summarized, for all the patches 
or patches of the landscape, as the average of the weighted area. When aggregated at the 
class or landscape level, radius of gyration provides a measure of landscape connectivity. 
In areas with few widely scattered patches, this metric is considered as zero. Intensity of 
green patches in Yazd is shown in Fig.  6. The connectivity of green patches within the 

Fig. 3   PLAND of green patches—Yazd 2018
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city’s gardens ranges from 34 to 73 meters. In most areas of the city, due to the lack of 
green cover, the equivalent of zero has been measured.

Fig. 4   PD of green patches—Yazd 2018
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Fig. 5   ENN of green patches—Yazd 2018
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Fig. 6   GYRATE of green patches—Yazd 2018
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Fig. 7   CONTAG of green patches—Yazd 2018
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3.1.3 � Modularity of green patches in Yazd

The distribution (modularity) of green patches across Yazd was assessed using the metric of 
contagion (CONTAG). Higher CONTAG values reflect landscapes with few large contigu-
ous patches, whereas lower values generally characterize landscapes with many small and dis-
persed patches (McGarigal et  al. 2012). CONTAG values can range from 0 to 100%, with 
values close to zero indicating green patches are small and scattered and values close to 100 
indicating green patches are clustered in few areas and do not have a congruent distribution in 
the urban landscape of the city. The CONTAG values of green patches in Yazd are shown in 
Fig. 7 and indicate that in most areas of the city, green cover is disaggregated (the contagion is 
less than 36%).

3.1.4 � Landscape metric assessment

In 2018, the green patches in Yazd are small and scattered with a total combined area of 
981.36 hectares representing just 9% of the city’s total area. Since the composition and con-
figuration of green patches is highly dependent on geographical conditions and many other 
parameters, universal standards are currently lacking to assess sustainability of urban green 
patches. The urban landscape metrics described above were used to quantify structural 
changes of green patches in Yazd over time and then to assess if trends are toward or away 
from sustainability. This study indicates a drastic negative trend in Yazd for these sustain-
ability metrics over time. During the period of 1991 to 2018, the area of green cover (CA) 
decreased by 63%, the number of green patches (NP) increased by 73%, and the mean size of 
these patches (AREA-AM) decreased by 92% (Table 3). The closest neighbor distance (ENN) 
between these patches increased by 37% over this time period. Such a situation reflects the 
fragmentation and increased isolation of urban green cover in Yazd, and it can be concluded 
that the instability of green cover in Yazd has increased.

3.2 � Urban ecosystem dynamic and function in Yazd

3.2.1 � Urban air quality

Air quality index (AQI) Based on the data obtained from air quality monitoring stations 
in Yazd (Department of Environment Yazd 2018), the AQI was evaluated on an annual 
basis from 2015 to 2018. Values of the AQI index can range from 0 to 500 and are cal-
culated using four major air pollutants: ozone, particulates, carbon monoxide, and sulfur 
dioxide. According to the AQI, air quality in Yazd has improved in recent years, based on 
an increase in the number of healthy days per year from 2015 to 2018 (Fig. 8).

Dust storm index (DSI) Wind erosion of soils is a process that has shaped arid and 
semiarid lands of the world. To understand how the sustainability of arid and semiarid 
lands as well as human health can be influenced by dust storms, it is important to evaluate 
the magnitude and temporal trends of this phenomenon. The Dust Storm Index (DSI) is a 

Table 3   Yazd green cover 
metrics: 1991, 2018

Year NP CA(ha) AREA_AM(m2) ENN_AM(m)

1991 249 2648.97 427.6379 63.8769
2018 433 981.36 31.4253 87.4949
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composite measure of the frequency and intensity of wind erosion events, based on occur-
rences of severe dust storms, moderate dust storms, and local dust events (O’Loingsigh 
et al. 2014). Figure 9 shows the mean annual DSI in Yazd for 1992 through 2013 (Arid 
Land and Desert Research Institute, Y.U. 2016). Although DSI has declined modestly over 
this time period, dust storms in Yazd still occur at a frequency and intensity that may affect 
the health of citizens.

Fig. 9   Mean annual DSI of Yazd station for the period 1992–2013. Source Yazd Department of Environ-
ment

Fig. 8   Air quality index
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3.2.2 � Urban water resources

Interbasin water transfers A substantial portion of Yazd’s water resources is delivered by 
pipelines from the Zayandehrood watershed located east of Zagroos Mountain. Due to ris-
ing water demand in Yazd, the volume of these interbasin water transfers (Reginal Water 
Company of Yazd 2018) has increased significantly in recent decades (Fig. 10).

Groundwater In past years, Yazd was known worldwide for its sustainable utilization 
of groundwater through a system of Qanats (Boustani 2008). In recent decades, however, 
the increasing demand for water has been supplied through the development of many deep 
wells in the area and the Qanats have lost their role in providing water in Yazd (Reginal 
Water Company of Yazd 2018).

Due to overpumping of these deep wells, the depth to the water table in the local aquifer 
has increased in recent years, resulting in some shallower wells and Qanats going dry and a 
net reduction in groundwater production. During the time period 2001 to 2015, the number 
of active wells in the region decreased from 538 to 502 (Fig. 11), and the volume of water 
discharge from these wells decreased from 185 million cubic meters (MCM) per year to 
106.8 MCM per year (Fig. 12) (Reginal Water Company of Yazd 2018).

Fig. 10   Annual volume of interbasin water transfers

Fig. 11   Number of active producing deep wells in Yazd
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3.2.3 � Urban soil

Change in ratio of impervious surfaces The change of urban impermeable surfaces over 
time in Yazd was investigated by comparing satellite images from years 1991 and 2018 
(Table 1). Using FRAGSTAT software, the total areas (ha) of impermeable surfaces (built-
up area) and permeable surfaces (open and green space) were quantified to determine 
changes in land use over this time period. Figure 13 shows comparisons of open, green, 
and impervious surface areas (ha) for 1991 and 2018. The continuum, impermeable levels 
(built area) increased strongly during the period under study. From 1991 to 2018, there was 
an 80% decrease in open space, 63% decrease in green space, and a 90% increase in built-
up area.

Fig. 12   Annual volume of pumped groundwater in Yazd

Fig. 13   Land areas (Ha) in Yazd categorized as open, green, and built-up space (1991–2018)
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3.2.4 � Urban climate

The standardized precipitation index (SPI) According to this index, drought occurs when 
the SPI value is consistently negative at -1 or less and drought ends when the SPI again 
becomes positive (Akbari et  al. 2016). During the time period 1987–2017 (Ministry of 
Roads and Urban Development 2018), the SPI index has had an overall negative trend 
(Fig. 14), indicating a decrease in rainfall and corresponding increase in drought. In 2017, 
the drought in Yazd was considered moderate. The worst drought conditions occurred 
in 2010 (SPI-2.76), and the wettest non-drought conditions were in 1999 (SPI 2.14), an 
extremely wet year.

UV index The UV index predicts the level of solar UV radiation and indicates human 
health risk of overexposure on a scale from 0 (low) to 11 or more (extremely high) (World 
Health Organization 2019). Yazd UV data were obtained from the World Weather website 

Fig. 14   Standardized precipitation index (SPI) Yazd

Fig. 15   Average monthly UV index—Yazd (2009–2019)
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and processed in Excel software to determine average monthly UV Index values in Yazd 
over 11-year period from 2009 to 2019. The UV Index was high or very high from March 
through September (Fig. 15).

3.3 � Citizens’ security and satisfaction

This category includes metrics related to citizen health and also their feelings about 
their urban landscape and how they are able to interact with nature, known as Biophilia. 
These metrics related to Citizens’ security and satisfaction were assessed using question-
naires. The statistical population includes the citizens of Yazd, 529,673 people according 
to the 2016 census. A sample size of 386 questionnaires was determined based on using 
Cochran’s formula with 95% confidence level. Questionnaires were distributed to Yazd cit-
izens in the five regions of the city based on cluster sampling method. A few questionnaires 
were excluded from the analysis due to response incompleteness.

3.3.1 � Health

Citizen health was measured using responses to three questions pertaining to amount of 
access (at least 30 min per day) to nature in the city:

A: I use the city’s green space for at least 30 min a day
B: I spend at least 30 min outdoors during the day
C: In city schools, children have at least 30 min of access to nature and greenery on a 
daily basis

Fig. 16   Results of the questionnaire related to health
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As the poll results show (Fig. 16), more than 50% of citizens (questions A and B) and 
nearly 50% of educational centers (question C) reported having insufficient access to green 
and open spaces, (< 30 min’ access per day). This lack of access to green and open spaces 
may endanger the health of citizens (White et al. 2019).

3.3.2 � Biophilia activities

Biophilia activities relate to the presence of facilities and infrastructures in the city that 
enable citizens to interact with nature. This indicator is measured as percentage of popula-
tion active in clubs or nature or with outdoor organizations. Six questions in the question-
naire were used to calculate this metric.

D: The number and area of green and open spaces in the city have provided citizens 
with daily access.
E: There are ample recreational–educational facilities in urban parks and green spaces, 
resulting in high tourist attractions.
F: It is possible to grow flowers and plants in a personal garden, at work or in home.
G: Citizens have the opportunity to meet some of their vegetable needs through home 
cultivation (balconies, roof gardens)
H: schools in the City have ample facilities for nurturing children’s creativity and social 
play
I: schools in the City devote enough time to children’s games in the natural environment

The results of the questionnaire (Fig. 17) show that almost 48% of people do not con-
sider the level of parks and urban green spaces sufficient for daily use (question D). About 
68% of citizens are not satisfied with the facilities and equipment of urban green spaces, 
and believe that urban green spaces do not have a tourist attraction (question E). Only 35% 
of citizens have the opportunity to grow flowers and plants in their home (question F). 
Fewer than 5% of citizens were extremely satisfied with ability to grow vegetables through 

Fig. 17   Results of the questionnaire related to biophilia activity
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home cultivation (question G). Sixty-seven percent of citizens are not satisfied with the 
possibilities of schools to foster children’s creativity (question F). Seventy-five percent of 
citizens believe that in schools, students are not given the time needed to get to know about 
the nature (question I).

3.3.3 � Urban governance and biophilic institute

Urban governance and biophilic institute are measured by the amount of investing to facili-
tate citizens’ communication with nature.

Local budgets allocated to nature conservation, recreation, education, and related 
activities by municipalities The total budget allocated by the municipality of Yazd for con-
servation and biophilic activities in 2018 was only 0.01% of the total development budget, 
far less than the minimum budget of 5% considered acceptable for biophilic cities (Beatley 
2010).

Number of NGOs (local biophilic supporting organizations) The number of active 
organizations in the field of environmental protection and tourism is limited and environ-
mental-based NGOs are also very limited. There are only 13 NGOs active in the city and 
according to approximate statistics, only 0.22% of the city’s population is active in these 
organizations.

3.4 � The score of sustainability in Yazd

The goal of this study was to assess the state of sustainability in Yazd. Using the metrics 
described above, the analytical hierarchy process (AHP) with Super Decision 2.1 software 
was then employed to assess sustainability based on the following six steps.

1.	 The hierarchical structure of the AHP model was developed based on the central issues, 
comprised of one goal, 3 components, 16 subcriteria (metrics) and 2 alternatives 
(Fig. 18). Alternative One is the sustainable city at the desirable level and Alternative 
Two is the existing state of sustainability in Yazd.

2.	 Weighting of the criteria (metrics) was determined by expert judgments based on pair-
wise comparison method (inconsistency less than 0.1) (Fig. 19). In this approach, the 
sum of all the individual weights adds up to 1.0 and the sum of metric weights within 
each of the three main components is 0.3333.

3.	 Based on the expert judgments, each of the 16 criteria (metrics) were scored according 
to the Likert classification scale (Table 4).

4.	 The team of experts considered the score of each criterion based on their state of sustain-
ability in Yazd and the Likert scores were normalized to their fractional values (scale 
0 to 1) for incorporation in the rating model of the Super Decision software. Results 
for each metric in the three groups (pattern of biophysical structure, urban ecosystem 
dynamic and function, and citizen’s health and security) are provided in Tables 5, 6 and 
7, respectively.

Using the Super Decision software, the relative weights of each metric (Fig. 19) were 
calculated based on pairwise comparison method (Saaty 1980). Each calculated weight 
was multiplied by its corresponding normalized Likert score and results then summed to 
obtain the total sustainability score for each of the two alternatives. Results show that the 
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total score of “the existing state of sustainability of Yazd” is 0.28, compared to a “perfect” 
score of 1.0 indicating complete sustainability (Alternative One).

4 � Discussion

In this study, the sustainability of Yazd was evaluated based on a framework specifically 
designed to assess urban sustainability in arid lands. In this framework, evaluation of urban 
sustainability is performed based on three main components: Urban Pattern of Biophysical 
Structure, Urban Ecosystem Dynamic and Function, and Citizens’ Security and Satisfac-
tion. These three main components are defined based on the relations between structure 
and function. According to this concept, Pattern of Biophysical Structure and Urban Eco-
system Dynamic and Function have a mutual relationship with each other. The Pattern of 
Biophysical Structure is defined by the composition and configuration of green patches 
that are the source of environmental services in cities (urban green land cover). If urban 
green cover has a suitable composition and configuration in the city, it can help improve 
the urban ecosystem dynamics and functions. These two components determine the status 
of the citizens’ security and satisfaction.

Sixteen metrics are considered in this framework to evaluate urban sustainability. The 
results of measuring the state of composition and configuration of urban green cover in 
Yazd show that green patches are small and scattered and do not provide sufficient eco-
logical services through the city. An important part of Yazd’s green cover is the old patch 

Fig. 18   Hierarchical structure used in super decision software
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gardens that have unfortunately become fragmented and are disappearing in recent years 
due to high amount of new construction and ongoing drought.

The results of measuring the state of related metrics to urban ecosystem dynamics and 
function in Yazd show the unstable and stressful conditions. Although changes in two 
dimensions, air quality index and dust storms, show a positive trend, but due to industrial 
pollution, increased traffic and dust storms, air quality is not favorable. Through declining 
groundwater reserves and increasing water demand, this region has become more depend-
ent on interbasin water transfers, and the water resources situation in this region is becom-
ing critical. Impermeable surfaces have increased sharply due to the high amount of new 
construction. The UV index is also high in the majority of months of the year.

The results of measuring the state of related metrics to the Citizens’ security and satis-
faction in Yazd are also unfavorable due to the loss of green and open spaces, limited rec-
reational facilities, lack of proper municipal budget allocation for nature-based activities, 

Fig. 19   Weighting of criteria based on pairwise comparison method

Table 4   Spectrum of Likert classification

Score State of metric Metric characteristic

1 Very critical The current state of this metric is critical
2 Critical The current state of this metric is risky, if this trend continues and the lack of 

planning will lead to a critical situation
3 Medium Currently, the metric is relatively stable. But it can be unstable due to the 

conditions
4 Fairly acceptable The current state of this metric is low risk. Conditions are relatively stable
5 Acceptable The metric is quite stable
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lack of public participation, and limited number of organizations active in sustainable 
urban development.

The score of Yazd sustainability was determined as 0.28 out of 1.0, based on weighting 
and scoring of the 16 metrics assessed. This score means that Yazd is not a sustainable city 
and the present situation is far from the sustainability state.

The metric assigned the highest weighting in this study was percentage of green land-
scape (PLAND). Accordingly, the importance of reforming urban land structure to enhance 
vital functions of the city should be examined. Preventing the destruction of urban gar-
dens, expanding native green spaces, and controlling city expansion and construction are 
all structural reforms that urban planners can consider for improving urban sustainability. 
Such structural reforms can be effective in controlling impermeable surfaces, reducing the 
effects of high UV radiation, controlling water demand, acting as a sink of air pollutants, 
and increasing the satisfaction of citizens.

Water supply planning is a high priority in cities located in drylands. Of the metrics 
related to Urban Ecosystem Dynamic and Function, groundwater supply and interbasin 
water transfers are of particular importance and are ranked third and fourth in the weight-
ing process, respectively. In order to improve the critical situation of water resources in 
Yazd, macro-level land use planning is needed. Comprehensive planning for the sustain-
able supply of water resources can have both a positive impact on Urban Pattern of Bio-
physical Structure indicators and improve the state of Citizens’ Security and Satisfaction 
indicators.

5 � Conclusions

Based on this study, the quality of ecological processes and environmental services in Yazd 
has been negatively affected by rapid population growth and urban structural changes. Indi-
cators evaluated in this study that are in a critically unsustainable condition in Yazd include 
urban land cover, water resources, air quality, and public satisfaction.

On the other hand, local knowledge and social–ecological values have been forgotten in 
the process of urban growth in this region. For many centuries, the systems of Qanat pro-
vided sustainable water resources in Yazd. As a result of unsustainable development prac-
tices in recent decades, most Qanats have been destroyed and the gardens irrigated through 
these systems have subsequently declined.

Targeted planning is needed to reverse the unsustainable conditions of Yazd. By evalu-
ating the criteria proposed in this study, urban planners and managers can better provide 
coherent urban policies, plans, and programs. Ultimately, urban planning based on this 
assessment framework may transform cities in drylands into sustainable and desirable 
places for their citizens.

Based on this study, urban planning policies to improve sustainability should include 
controlling urban landscape change, controlling consumption of resources, and increasing 
participation by the public. The experiences gain by past generations to cope with harsh 
conditions in arid lands should be considered and incorporated in current planning poli-
cies. It is also emphasized that physical urban development in arid regions should be con-
strained within local ecological capabilities.

Applying the sustainability assessment process proposed here to other dryland cit-
ies will improve this evaluative framework and help achieve broadly applicable rational 
principles for sustainable urban development in arid lands. In conclusion, achieving urban 
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sustainability in drylands is dependent on eco-friendly physical development and empow-
ering cities to cope with harsh natural conditions.
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