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Abstract

Urban growth as a dynamic phenomenon is an evidence of population growth,
economic development and the increasing importance of cities. The goal of this
paper is the assessment and evaluation of spatio-temporal expansion of Zanjan
city in five time periods using Geographic Information Systems (GIS) and
Shannon's relative entropy. In this research, the aerial photographs of 1973, 1982,
1998, and satellite images of 2008 and 2016 were used to achieve the goal. After
data preparation, to determine the amount of expansion in urban areas of Zanjan,
ten sides (zones) of growth were taken into account. The hypothesis of zoning
the expansion area creates an obvious view of the urban expansion as a whole,
the sides of development and the amount of development in each time period.
The results of this study show that Zanjan still is not scattered because Shanon
Scattering, Geographic rational entropy has not become more than 0.5 till now. The results represent
Information Systems, useful guidelines for modeling urban sprawl, understanding the motivations for
Zanjan urbanization and forecasting the patterns of future urban developments
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countries. Growth an uncontrolled
development of population and residential
areas will result in horizontal uncontrolled
growth of urban area (urban sprawl). This

Extended Abstract

1. Introduction
The second half of the twentieth century

will coincide with increase in wurban
population of developing countries. Based
on the researches, it is expected that 67%
of the globe's population will live in cities
in 2020 while a great portion of this
population belongs to the developing
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phenomenon causes severe problems
such as informal settlements,
environmental pollutions, occupation of
agricultural area, unplanned urban growth
and change in the cities' spatial structure,
tendency to live in suburbia and changing
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the landscape. Since the importance of
this subject, it requires precise planning.
In fact, urban growth affects the life of
people directly. Altogether, modelling
urban expansion is vitally important.
Modelling may be done for several
reasons. Because of the importance of
urban growth modelling, the researchers
and managers have modelled the urban
growth of several cities in Iran. Literature
review shows that the directions of urban
expansion for the cities with central core
have rarely been considered. Thus, in this
research in addition to the use of GIS and
remote sensing, the direction of urban
growth is taken into the consideration.
The urban form is the result of action of
many urban elements and urban concepts.
The major urban forms in Iran contain:
radial, linear, organic and combined forms.
In another categorization, urban forms
based on the theories of Persman and
Minery include five categories of
scattered, compact, suburbia, passageway
and edge cities. One other categorization
divides the urban forms into two major
groups of: 1) dense and compact and 2)
scattered and expanded.

2. Research Methodology

The current research method is some type
of descriptive-analytical that
comparatively scrutinizes population rise
and city expansion in multiple periods. The
IRS satellite images are from years 2008
and 2016 with a resolution of 2.5 meters. It
is worth mentioning that the reason for
the choice of the years was their
availability that forced us to choose as
possible as the years that make near to 10
years intervals.

First, the data went under primary
quality assessments to control the
atmospheric, radiometric and geometric
errors. After transforming the photos to
UTM WGS 84 coordinate system, they
were set as the basis of binary maps in
which we have two values for built and not

built regions respectively. The heart of the
city that is Zanjan bazar was determined
on the maps. In this research using
relatively new approach to divide the
region, the relative Shannon’s entropy is
calculated. In contrary of other previous
researches that have been based on
political divisions by municipalities this
research deploys 20 degrees sectors that
are derived from Zanjan's bazar as the
social heart of the city. This method of
tessellation is such that there are a lot of
regions that make it possible to do the
analyzes in details. From the most
effective parameters that are assumed
necessary, the total area of regions and the
built parts are calculated and studied. The
method of this research, relative Shanon's
entropy is resilient enough through the
cases with several types of tessellation and
also different degree of scattering. In
order to examine the closeness to the
social heart of the city, Zanjan's bazar, the
divisions are such that the closer to bazar,
the smaller the divisions.

3. Research Findings

From the classified maps it is derived that
built areas in some regions are denser and
also more scattered in some others. It is also
obvious that expansion of the city is
irregular during the period of study. In order
to comprehend the trend of scattering in
each region and from each side, the
difference of Shanon's relative entropy of old
and recent times are computed.

Scrutinizing the evolution of Zanjan's
population revealed that during the years
1956 to 2016 the amount of population was
always increased. Since there are some
time lags between that images are taken
and census data are collected, in this
research  with the technique of
interpolation, the data of population are
matches with the years 1973, 1982, 1988,
2008 and 2016, the years that the images
were taken. Comprising Shannon's
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entropy during the time period and the
corresponding population reveals that the
time interval the most urban expansion
(1998-2008) does not the same time as the
highest population growth. Therefore, one
can conclude that the urban sprawl is not
absolutely because of the population
growth.

4. Conclusion

Taking the results of computing entropy
and rate of population together into
account, it is turned out that the time
interval from 1998 to 2008 with the
maximum horizontal expansion is not the
concurrent with highest rate of population
growth. Then it is concluded that the
growth of population is not necessarily the
reason of city expansion in the interval
1998-2008. Generally, with respect to
expansion of Zanjan city from past times,
it is explicit that period 1998-2008 has the
most changes in Shanon's entropy and
then the most changes of city expansion.
The reasons of this argument can be
considered in increasing the personal
vehicles and growing interest in. Since the
global entropy in the Zanjan city hasn't yet
exceeded 0.5 that is the average of relative
entropy, it can be stated that the city isn't
yet extremely horizontally expanded. As
an instance, the most important factor
that prevent expansion of the southern
parts of the city, is rail way. On the other
hand, Zanjan city still has an almost
traditional texture. Altogether, it seems
that migration generally and migration
from the villages particularly is the most
important factor of urban expansion in
Zanjan city. Fortunately, in such a situation
it is possible to prevent urban scattering
using proper policies.
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