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Abstract

The sprawling growth of urban settlements is a dominant spatial process in many cities of
developing countries. This development's most severe apparent effect is the loss of ecological
infrastructure. In this way, consequently, the ecosystem services that have been provided for
human settlements for thousands of years will be lost. Urban ecological infrastructure is also
very effective in climate change and energy consumption. This research aims to spatially
analyze the sprawling growth of Miandoab City with an emphasis on ecological
infrastructures. In this regard, first, land cover maps have been prepared. Then the future land
cover is simulated and predicted by the CA-MARKOV chain method. Also, the metrics of the
number of patches, the patch size, and the patch cohesion of spots have been calculated for all
land cover types in the landscape. In addition, the urban expansion intensity in different
directions and changes in the density of built land cover have been estimated. According to
the findings, Miandoab City has experienced a very sprawling growth until 2023, during
which the structural integrity of green infrastructure and bare lands has been severely
destroyed in favor of built land cover. The direction of physical-spatial development of the
city has been towards the eastern suburbs. Most of the bare lands and intensive growth
potential are in these areas. Solutions with three strategies (protective, defensive, and
opportunistic) have been presented for balancing physical-spatial development and increasing
urban and extra-urban ecological infrastructure integrity.

Keywords: Urban sprawling growth, Green infrastructures, Bare lands, Simulation, structural
integrity, landscape metrics

Introduction

During the last half-century, the unstoppable growth of urban settlements has been
accompanied by attracting 55% of the world's population. This amount will be 86% by 2050
(United Nations, 2018; Chan & Vu, 2017). Based on various environmental sciences
(especially urban planning and environmental planning), the creation, growth, and evolution
of any city are physical-spatial representations of environmental, economic, social, and
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cultural dimensions (Bratley & Ghoneim, 2018; Ehrlich et al., 2018; Milan & Creutzig, 2016;
Sharifi, 2019). To know where a city has developed and to identify where it will/ should be
developed, we need to analyse the urban growth pattern and predict its future. There are types
of city development patterns such as radial, star, linear, checkerboard, and centralized. But the
physical-spatial development of the city, which is constantly changing due to human and
natural factors, occurs in two main patterns, sprawl and compact (Abdi et al., 2020; Faraji et
al., 2018; Movahed & Ahmadi, 2018; Xu et al., 2018).Since the middle of the 20th century,
urban sprawling has been referred to as the low-density and discontinuous development of
suburbs and the linear development around the transportation axes. Urban sprawling refers to
uncontrolled suburbanization that occurs only when urban expansion exceeds the area needed
to accommodate the added population and urban functions disperse outside administrative
boundaries (Arvin & Poor Ahmad, 2021; Bagheri & Tousi, 2018; Hamidi & Ewing, 2014;
Oueslati et al., 2015; Zhang et al., 2018). Although urban growth leads to natural resources
consumption and using the capacity of natural sinks, urban sprawling growth is more
unsustainable due to the following reasons:

Encroaching on agricultural lands, gardens, pastures, and forests, losing the quality of
landscapes, increasing urban abandoned spaces, threatening biodiversity, deteriorating The
organic city core (OCC), not mixing uses, reducing access to urban services, increasing the
cost of creating and maintaining infrastructure, lengthening the travel distance and time,
increasing congestion and traffic accidents, increasing dependence on motor vehicles,
increasing fuel consumption and greenhouse gas emissions, decreasing air quality, increasing
the family's economic vulnerability to fuel price changes, increasing water and electricity
consumption demand, weakening of the local economy, socio-economic polarization,
decreasing walking, and public health, reducing security and local vitality, reducing the
people interactions (Garrido-Cumbrera et al., 2018; Monkkonen et al., 2018; Navamuel et al.,
2018; Nel et al., 2017; Pozoukidou & Ntriankos, 2017; Sarvar & Asghary, 2021). Meanwhile,
unbridled development in built land cover causes the degradation of green infrastructures, loss
of suburban bare lands, and encroachment on the buffer of blue infrastructures. It is noticeable
that the result of management measures that support these infrastructures can be seen at a
slower speed compared to the development, reconstruction, and renovation of built lands
(Dupras & Alam, 2015; Ferreira et al., 2021).

Ecological infrastructures include cultivated fields, gardens, green spaces and urban parks,
riverside lands, river valleys, pastures, forests, and suburban bare lands. These complications
are the only indications inspired by nature for planning urban areas. Taking over and
destroying these infrastructures is associated with a conflict between private and public
interests. Because the ecological-social costs of these changes are much higher than their
economic benefits (Girma et al., 2019; Parker & Zingoni de Baro, 2019; Rahimi & Bazmeh,
2021; Ying et al., 2022). With the loss of ecological infrastructure, the ecosystem services
that have provided for ancient human settlements for thousands of years are gradually and
forever lost. The irreplaceable ecosystem services of these structures include these items:
feeding underground water reservoirs, supplying fresh water, adjusting the climate, reducing
the effect of heat islands, purifying the air, increasing carbon storage, creating habitats,
providing migration routes and survival of animal populations, supplying unique landscapes
and suitable spaces for recreation, increasing the feeling of belonging to the place and social
interactions and improving community health (Nouri et al., 2021; Ostrowski & Falkowski,
2020; Rall et al., 2019; Wang & Banzhaf, 2018).

The urban heat island effect is caused by the replacement of natural land cover with heat-
absorbing materials such as asphalt and concrete. Integrating green infrastructure into the
urban design is a promising approach to mitigating the adverse effects of urban heat islands
on climate, improving air quality, reducing energy demand for air conditioning and cooling,
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overall well-being, and public health (Marando et al., 2022). Some impacts of urban sprawl
on energy consumption include: 1) Increased energy consumption and reduced energy
efficiency because of longer daily travel. 2) increased energy consumption as a result of
restoration efforts in degraded habitats. 3) Increased energy consumption for soil and land
maintenance against erosion and flood. 4) Increased energy consumption due to the
development of energy-intensive transportation systems, such as highways and airports (Li et
al., 2023).

Until now, attention has been paid to different indicators to identify and evaluate the form
and manner of the city's growth, such as the density of residential units, continuity of the
urban texture, concentration of development, clustering of development, centrality of
development, multinuclear development, mixing of uses, and accessibility to uses. Shanon's
entropy model has been used to determine the amount of sprawling urban growth. Holdren's
model has been used to determine the contribution of sprawling expansion to the city's growth
(Darvishi et al., 2021; Ermini & Santolini, 2017; Kheirkhah & Nemati Mehr, 2021; Litynski,
2021; Salvati & Carlucci, 2016; Yue et al., 2016). The common discussion of all these
methods and procedures is the need to consume land as one of the most limited natural
resources. Because land cover/use change, as an irreversible process and the biggest threat to
the landscape, should be the main factor in physical-spatial decision makings. Mapping and
forecasting the spatiotemporal changing in land covers/ uses are possible due to the apparent
differentiation of artificial and natural patches in aerial photos and satellite images (Ersoy et
al., 2019; Nasehi et al., 2023; Rajput et al., 2021).

Evaluating changes in the structure of the landscape can provide a more accurate basis for
monitoring and predicting physical-spatial changes in settlements and making decisions in
this field. Each land cover/use plan should pay high attention to ecological infrastructure
protection. The simultaneous measurement of landscape metrics (such as extent, shape,
proximity, continuity, connection, centrality, and aggregation) is the preventive and forward-
looking approach for policy-making to support these infrastructures (Alemohammad et al.,
2022; Arekhi, 2015; Liu & Yang, 2015; Ramezani Mehrian, 2022; Saeed Sabaee et al., 2016).
The process of urban sprawling development continues at a higher rate in developed
countries, especially in middle cities. For stopping this process and controlling its effects on
ecological infrastructure, it is necessary to consider appropriate solutions as the basis of urban
planning (Liu et al., 2018; Nedovic-Budic et al., 2016; Ziari et al., 2014).

Rapid and exogenous urbanization in Iran, as a developing country, has been associated
with heterogeneous distribution and centralized growth. The distribution ratio of the urban
and rural population of Iran has been completely reversed in recent decades (Bardi
Anamoradnezhad, 2016).

The objectives of this research are as follows for Miandoab City as one of the middle cities
in Iran: evaluate the changes in the land covers, predict its future, determine the direction of
city development, analyse the structure of the landscape, and then provide solutions to
improve the spatial development process with an emphasis on the ecological infrastructure
integrity.

Study area

Miandoab City, the centre of Miandoab county in West Azarbaijan province, is located in the
south of Lake Urmia at 57 36 to 59 36 north latitude and 4 49 to 8 49 east longitude. The
(OCC) texture is distinguished by the small blocks, and compacted and winding alleys, and
includes the current location of Vakil Zandi village and the old market. The population of this
city in 1996 and 2016 was 17224 and 134425 respectively. At the same time, the urban area
was 84 Ha and 3545 Ha, respectively. The population of this city has increased by 4.16 times
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in the space of sixty years, and the area of this city has increased by 21.5 times during the
same period. As a result, the population density has increased from 205 people per Ha to 38
people per Ha. Urban physical growth has occurred at a faster rate than the growth of
population, and for each citizen, more land has been used. Figure 1 shows the location of the
study area. In terms of administrative divisions, this city has six districts. A significant part of
the most important river of Urmia lake basin, Zarrineh Rood River, passes through this city.
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Figure 1. Local situation of Miandoab City
Materials and methods

The general method of the current research is analytical-comparative and includes five
general steps. In Figure 2, Details of the research methodology framework are displayed and
explained.

In the first step, the trend of land cover changes has been evaluated. According to the
research purpose and the study area situation, four land cover categories have been considered
including built lands, green infrastructures, blue infrastructures, and bare lands. In this
research, all land covers except built land cover are considered as ecological infrastructure.
Four-time land cover maps (1996, 2006, 2016, and 2023) have been prepared using Landsat
satellite images. After correcting the satellite images geometrically and atmospherically,
training samples have been prepared using Google Earth and field survey. In Table 1, the
specifications of satellite images are available. Then the satellite images have classified by
using training samples, the supervised classification method, and the maximum likelihood
algorithm in Idrisi software. The maximum likelihood algorithm is one of the most common
supervised classification patterns, in which each pixel is assigned to the class with the highest
probability of belonging (Taghadosi et al., 2019; Yousef et al., 2011).
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Figure 2. Details of the research methodology framework

Table 1. The specifications of used satellite images

The date of receiving

Spatial resolution

Source the satellite image Sensor e (meter)
USGS 1996/08 ™ 138/34 30 *30
USGS 2006/07 ETM 138/34 30 *30
USGS 2016/07 OLI 138/34 30 *30
USGS 2023/07 OLI 138/34 30 *30

Comparison with existing maps, field surveys, and registration of test samples (randomly
in the form of polygon data by GPS) have been done to check the classification accuracy. The
overall accuracy and kappa coefficient were calculated by the error matrix method (according

to Table 2, classification accuracy was acceptable).

In the second step, land covers in the future (2036) have been predicted using Idrisi
software. It is simulated by the CA-Kamarkov chain method and automatic cells method
based on the probability matrix of land use conversion. for estimating the accuracy of land
cover prediction, the Kappa coefficient has been calculated. This value was higher than 71%
indicating the validity of the simulation. In the third step, some metrics of the landscape have

been calculated by Fragstats software for land covers in 1996, 2006, 2016, 2023, and 2036.

Table 2. Classification accuracy of satellite images

Year Kappa coefficient Overall accuracy
1996 72% 80%
2006 75% 82%
2016 74% 81%
2023 76% 83%
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Based on the principles of landscape ecology, larger ecological patches are better. Also,
the proximity and connection among ecological patches are more appropriate for supporting
ecological functions. Also, shapes closer to the circle increase ecological functions
(Alemohammad et al., 2022; Arekhi, 2015; He et al., 2018; McGarigal, 2017; Monteiro et al.,
2020). In this research, based on these principles, following metrics have been selected and
calculated by a software called Fragstats:

e Number of Patches (NP): this metric shows the number of spots related to a type of land
cover.

e Class Area (CA): this metric is an area of land that is occupied by one type of land cover
(Ha). Based on equation 1, a; is the area of patch j of land cover i.

CA=3,a(—) (1)

10000

e Mean Patch Size (MPS): This metric calculates by an arithmetic average from the total
size of patches for each land cover (Ha). In equation 2, n is the number of patches.
Y1

MPS = = n; (10000) (2)

e Patch cohesion index (Cohesion): This index measures the continuity and cohesion of
patches (between 0 and 100). This metric is a simultaneous description of the shape and

connectivity of the patches. In equation 3, p;; is the patch perimeter, z is the total surface
of the study area.

Py

_ NP
COHESION = [1—m] 1 ﬁ] (100) (3)

In the fourth step, the density of built land cover (in concentric zones around the OCC) and
the urban expansion intensity (in different geographical directions) have been estimated. To
analyze the city's sprawling growth, ten concentric zones have been drawn at 500-meter
intervals from the OCC. The density of built land cover in these zones has been calculated
during the years 1996 to 2023, which means dividing the total area of built land covers in
each zone by the total area of that zone. Equation 4 is related to the intensity of urban
expansion (/u.e). AUi is the difference in urban expansion during the first year and the last
year. TA is the total city area. At is the number of years (Litynski, 2021; Salem et al., 2021).
Tue has been calculated for different directions during the years 1996 to 2023 in GIS software.

4)

In the fifth step, solutions have been presented according to the process of physical-spatial
changes and the predicted conditions for the future to guide the planning of the urban and
suburban landscape, with an emphasis on ecological infrastructure integrity.

AUIX100
Luii=
TAXAt

Results

The changes in the levels of land cover types and the predicted values for the future are
according to Figures 3 and 4 and the diagram of Figure 5. From 1996 to 2023, built lands
increased from about 744 Ha to more than 1492 Ha. Also, green infrastructure has increased
from more than 3376 Ha to about 2763 Ha. In addition, the blue infrastructure has increased
from about 100 Ha to about 152 Ha. Bare lands have reached from about 1324 Ha to about
1137 Ha. More than 360 Ha of green infrastructure, more than 4 Ha of blue infrastructure, and
472 Ha of bare lands have been converted into built lands. More than 612 Ha of green
infrastructure have been turned into bare lands. Based on the simulation, the speed of changes
and the sprawling growth will be reduced in the future. A more uniform distribution of land
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cover types will emerge compared to the past. It is expected that by 2036, about 4 Ha of green
infrastructure and 24 Ha of bare lands will be turned into built lands. Also, about 161 Ha of
green infrastructure will be turned into blue infrastructure. With the continuation of the
current trend, the major change in the future will include the transformation of green
infrastructures into bare lands.
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Figure 5. Changes in the areas of land covers (CA metric)

According to the diagrams in Figures 6 to 8, NP, MPS, and cohesion for four types of land
cover have changed from the past (1996) until now (2023) as follows: NP for built land cover
has decreased from 268 to 146. MPS of these lands has increased from about 2 Ha to more
than 10 Ha. The cohesion index for these lands has increased from about 97 to 98.5. The
patches of built land cover have decreased in number but increased in size, accumulation, and
connection. The total surface of this land cover was increased. Therefore the structural
integrity of built land cover has risen.

NP for green infrastructure has increased from 162 to 170. MPS of these lands has
decreased from about 20 Ha to about 16 Ha. The cohesion index for these lands has reduced
from more than 99 to 98.5. These data mean that the patches of green infrastructure have
increased in number but decreased in size, accumulation, and connection. The total surface of
this land cover was reduced. Therefore the structural integrity of green infrastructures has
been reduced. NP for bare land cover has increased from 335 to 459. MPS of these lands has
increased from about 4 Ha to about 2.5 Ha.

The cohesion index has decreased from more than 97 to about 95.5. At the same time, the
total surface of this land cover has decreased. Therefore the structural integrity of the bare
land cover has been reduced. What can be argued is that built land cover changes have caused
opposite changes in the structural characteristics of green infrastructures and bare land cover.
In simple words, the unbridled development of built lands has caused the fragmentation and
loss of two other land cover types.

NP for blue infrastructures has decreased from 32 to 5. MPS of these lands has increased
from about 3 Ha to more than 30 Ha. The cohesion index has increased from about 94.5 to
about 97.5. In this region, the total surface of this infrastructure has increased. Therefore, the
structural integrity of the blue infrastructure has risen.

The main reason for increasing the structural integrity of the blue infrastructure was the
unbridled construction of dams and the construction of cement structures to direct and collect
surface water in the Zarrineh Rood River Valley. Based on the predicted values of these
metrics and indexes for 2036, built land cover growth might relatively be stopped which can
be reduced the threats against the integrity of the ecological infrastructure. In such a way, it is
expected to see a decrease in the NP and an increase in MPS and cohesion for green
infrastructures and bare land cover.
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According to Figure 9, the orientation of the city growth was in all directions, but urban
expansion intensity is more towards the ESE, ENE, and SSE directions in District 5 and
District 6. Based on calculations, the urban expansion intensity has increased over time,
which indicates the city's sprawling growth. Figure 10 shows the density of built land cover in
different zones over the years. By moving away from OCC, the built land covers density
decreases. The closer we go to zone 1, the higher the percentage of built land. In other words,
development is more compacted in the inner zones. This feature also shows the city's
sprawling growth.
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Based on the land cover changes between 1996 and 2023, 613 Ha of green infrastructure
and 187 Ha of bare lands have been converted into built lands. Also, the direction of physical-
spatial development of the city has been towards the eastern and southeastern suburbs.
Currently, the most of bare lands and, as a result, the compacted growth potential (for
converting these lands to build lands), are located in areas 5, 2, and 6, respectively.
Considering the significant presence of bare lands in District 5, it is better to locate the city's
future development towards the east and northeast. In addition, the distribution of urban green
infrastructure among the city districts is not spatially balanced. regions 4, 6, and 3
respectively have the lowest percentage of green infrastructure area compared to the total
area. The findings of this research confirm the results of some other studies in Miandoab City,
as follows:



Environmental Energy and Economic Research 2024 8(2): S080 11

The biggest change in land cover in Miandoab City and its surrounding suburbs includes
the conversion of agricultural green lands to build lands. During the sprawling physical-
spatial development of Miandoab City, the lack of green spaces and city parks is very
noticeable. In this city, the green space indicator is in the worst condition compared to other
indicators of urban life quality (Lotfi et al., 2011; Mohammadi et al., 2012; Sadr Mousavi,
2017). A serious threat to the ecological infrastructures in the urban suburb is Ignoring the
potential of reviving and renovating the worn OCC texture and ignoring the potential of
increasing building floors (most of these city houses are very big villas) (Fakhraei & Abdi,
2012; Kheirkhah & Nemati Mehr, 2021; Parizadi et al., 2022; Rahnemaei et al., 2012; Rajabi
& Maleki Nezamabad, 2015). In general, according to the findings of this research and other
studies related to the sprawling growth of this city, there is no need for development outside
the current built limits for the coming decades. As a result, the policy of increasing the urban
boundaries should not be included in the legal framework and the physical-spatial
development agenda of this city.

The main policies against the sprawling urban growth threats are using the existing
capacities in low-density cities. Such as internal development inside legal urban boundaries,
compact growth, and smart growth. These policies have aimed to create compacter, more
flexible cities, away from the problems of the modern city, while at the same time protecting
the landscape (especially the ecological infrastructure) and the urban community vitality
(Abdullahi & Pradhan, 2017; Artmann et al., 2019; Lee & Lim, 2018; Mehrafzun et al., 2019;
Tao et al., 2019; Tappert et al., 2018). For responding the landscape changes and increasing
the urban ecological infrastructure integrity, solutions can be presented in the form of three
types of strategies. Where the existing condition of these infrastructures is suitable, it is
important to provide solutions with a conservative strategy.

The purpose of the defensive strategy is to prevent land transformation or control this
structural degradation. An opportunistic strategy is essential for reviving damaged ecological
infrastructures, for example, by converting the little amount of other land cover/uses into
these infrastructures (Ahern, 2011; Parivar et al., 2013; Yazdanpanah et al., 2015). Also for
appropriate and balanced physical-spatial development in the future and increasing ecological
infrastructure integrity, spatial solutions in Table 3 are proposed.

The main spatial steps of any city development include the primary core formation,
dispersion, and then concentration. In simple words, urban area development starts from an
old center and moves to the outside and the new development centers. After that, the urban
growth pattern continues towards the connection of built patches and filling open spaces until
saturation. In most middle cities in the world, the second stage is dominant (Bhatta, 2012;
Herold et al., 2005; Kaviani et al, 2015). The city of Miandoab has been formed
concentrically around the market by forming the primary core.

The methodology and results of this research can be a reference for monitoring the manner
and direction of urban development for guiding, modifying, and improving the decisions of
physical-spatial development to support the urban ecological infrastructure. This
methodology has generalizability and validity for use in other urban areas (because of the
logical process, various stages, and a suitable and simple framework). It can help to study the
urban sprawling growth and its impacts on green infrastructures and provide suitable spatial
solutions in Iran and other countries.

Conclusion
According to the findings of this research, this city has experienced so unbridled growth in

the dispersion step (until 2023). During this time, the structural integrity of green
infrastructure and bare lands has been severely degraded. It is predicted that until 2036, the
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sprawling growth process will be reduced. Also, the distribution of land covers will be
simpler compared to the past.

Table 3. Solutions for improving Miandoab City development process with emphasis on supporting
ecological infrastructure

Strategies Solutions

1- Maintaining large green patches and small green patches around them and
strengthening their connection to improve their supporting functions for each other.
2- Maintaining and strengthening the vegetation of green roads, sidewalks,
highways, and open lands to increase the continuity and connectedness of
ecological infrastructure.

Conservative
strategy

3- Determining the Zarineh Rood River valley buffer against the influence of
conflicting land uses and organizing its riverside cover
4- Internal development by using urban bare lands instead of converting the
Defensive surrounding green infrastructure into built lands.
strategy 5- Internal development by using the legal increase in the density of building floors
and the reconstruction of abandoned buildings in the OCC to prevent the movement
of the population to the suburb and to prevent further changes in the ecological
infrastructure.

6- Assessing the feasibility of allocating land to urban parks and green spaces with
an emphasis on the lack and unfair distribution of green infrastructures

7- Increasing the extent and strengthening the connection of small gardens and
greenways with cooperative planning to reclaim land ownership in favor of these
green infrastructures.

Opportunistic
strategy

In comparison with the separated use of methods, the integrated application of the
assessment procedure of land cover/use changes in urban areas and the assessment procedure
of landscape structural changes can provide more reliable spatial information to analyze the
changes in the urban growth pattern and its future (Anabestani et al., 2021; Bahmanpour &
Valian, 2022; De Montis et al., 2019; Hataminejad et al., 2021; Magidi & Ahmed, 2019;
Mahmoudzadeh & Masoudi, 2019; Norouzi Gelehkolaie et al., 2022; Omidpour et al., 2020;
Zou et al., 2022). However, the simultaneous application of the procedure of predicting the
future land cover with the two methods mentioned above has been used in limited studies
(Anabestani et al., 2021; Nasehi et al., 2023), including the present research, and has caused
differentiation and added value.

In general, this research innovations includes attention and emphasis on the following
items: 1) five-time analysis of land cover and landscape structural changes by revealing the
past, present and future conditions, 2) Investigating the urban expansion intensity in different
geographical directions, 3) Investigating the distribution of built land density in concentric
zones around OCC, and 4) Providing the solutions with three strategic orientations
(protective, defensive and opportunistic).
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