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Due to unprecedented population growth, urbanization and urban
growth have become central to planning and political discourses.
There are a variety of forces that affect urban growth internally and
externally. As urban growth by nature influences different dynamics
of urbanization such as population mobility, employment distribution,
environmental functionality, and housing markets, it has become the
core of urban and regional planning. Urban growth patterns play a
critical role in the well-being of residents and the livability of the city.
Scrutinizing urban form as the spatial reflection of the urbanization
process is a necessity for urban development planning to reach more
sustainable and resilient cities. The purpose of this research was to
analyze urban growth based on the indicators of urban growth. In the
present research, using satellite images for a 20-year period from
1996 to 2016, the urban growth of Shiraz metropolis was explored
based on the spatial parameters of the urban growth form. The results
of this research indicated that the metropolis of Shiraz has undergone
many changes in terms of form in the studied period. These changes
have occurred in different urban classes such as built buildings, green
spaces and gardens, road networks and urban wastelands. The results
of the quantitative analysis of urban growth changes in Shiraz
metropolis indicated that urban fragmentation and division occurred
in all urban classes and in the studied period, Shiraz metropolis has
moved towards greater divisions. The fractal dimension of urban
growth in Shiraz metropolis also demonstrated greater complexity in
the form of urban growth.
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EXTENDED ABSTRACT

Introduction

Due to unprecedented population growth, urbanization and urban growth have become
central to planning and political discourses. Paying attention to the spatial form of the city
as a basic necessity in urban development plans indicates its importance in different
cultural, social, and physical aspects of the city. Therefore, by studying and understanding
the structure of the growth form of cities according to the complex system governing it, the
mechanisms and forces governing their growth can be identified to some extent. A complex
urban system cannot be investigated with the usual planning and design theories because
its components and elements have a non-linear relationship. The reason for the failure of
the designed cities of the 20th century should be considered as a result of needing to
understand the principles of complexity. Although these complexities cannot be reduced
and a more straightforward and controllable system can be achieved, by studying and
analyzing them, it is possible to identify the mechanisms and forces governing it partially
and to propose flexible planning policies.

Methodology

This research analyzed urban growth using quantitative and spatial methodologies to
achieve a deeper understanding of the mechanisms governing the urban development of
the Shiraz metropolis. In this research, the urban growth of Shiraz metropolis was explored
based on the measures of the space shape of urban growth for 20 years from 1996 to 2016
using satellite images. These images were prepared for 1996, 2001, 2006, 2011, and 2016.
Then these data were prepared in Erdas and ENVI software. After data preparation,
Fragstats and ArcGIS software were used for spatial analysis and index calculation. Finally,
their results were analyzed in Excel software. To identify patterns, describe relationships,
and explain factors, based on quantitative data analysis, descriptive statistics techniques,
relationship analysis, spatial analysis, and comparative analysis were used.

Results and discussion

This section includes the survey and analysis of the urban growth form index in the
Shiraz metropolis from 1996 to 2011. The urban growth form index deals with the type
and form of development. Shape index can be calculated in three levels: stain, class, and
landscape as shown below. In the current research, five classes were considered for
Shiraz metropolis, the most important of which was the urban built class, vacant lands,
green spaces, gardens of Qasrodasht, and roads. These indicators were calculated and
presented in 5 periods from 1996 to 2016 to provide a better picture of the type of
development in the metropolis of Shiraz and to examine its shape characteristics. The
shape index was calculated for different classes based on the ratio of the circumference
of each spot in the class to the circumference of the smallest spot in that class, which is
given in the diagram below.
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Figure 1. The average index growth in Shiraz at five classes.

The higher average value means that the class has had less breaks in terms of growth
over time. In other words, there is less irregularity in it. As shown in graph 1, the shape index
for the urban class decreased in the first period, but then increased until 2015. Thus, urban
development in the first period was somewhat scattered and irregular. However, from 2001
to 2016, this trend was reversed and its continuity increased. In later periods, each of these
spots on edge was either connected and larger spots were formed or was connected to
integrated urban development, and a less irregular space was provided for urban growth.
The index results show the form of urban growth for the Shiraz metropolis. Based on this,
during the studied period, the value of the shape index experienced an upward trend, which
shows that in general the irregularity of the shape of urban growth in Shiraz metropolis
increased in the period 1996 to 2016. However, the amount of change calculated for this
index in this period varied for different years.

Table 1. The results of the urban growth index for all land uses.
Year 1996 2001 2006 2011 2016
Index value  1.24 1.31 1.46 1.47 1.51
Changes 0.07 0.15 0.11 0.04

Conclusion

In recent years, according to the advances in technologies related to satellite images,
accurate and significant data and methodologies have been made available for the analysis
of the urban growth of Shiraz, which has been widely used in studies related to urban and
regional planning. This research's theoretical results indicate that Shiraz's urban growth
can be quantified and analyzed using satellite image data. However, the quantification and
numerical analysis results in this section require long periods. Based on the results of this
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research, the development of Shiraz city had different structures and patterns in different
periods. The results of the studies related to the structure of the urban growth of Shiraz
indicated that in the first period between 1996 and 2001, the changes were slower while in
the second period from 2001 to 2006, this process became much faster and the lands
annexed to the city entered the city boundary very quickly; urban growth generally occurs
in the areas immediately bordering the city or within the city itself. By examining the
documents for the studied period, it seems that between 2001 and 2006, the main factors
of extensive urban growth in Shiraz metropolis was due to the separation of land and the
allocation of new lands to government housing cooperatives outside the city limits.
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