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ABSTRACT

In order to avoid subjectivism, catastrophe theory functions were used to the integration of
different variables in the context of geographic information system. Decrease in decision making
uncertainty during weighting process and to some extent in classification uncertainty, high
flexibility in type and number of variables, and consideration of spatial differentiation of variables
are the most important advantages of this model. The comparison between the results of this model
and field and geographic facts indicates high efficiency and validity of used model. Feasibility of
spatial-physical development of Tabriz using catastrophe theory showed that because of special
geomorphologic, geologic, soil and hydrologic conditions, there are not suitable zones for the
spatial- physical development in the surrounding of the city. The best zones for outer development
of the city is located in the southwest of the peri-urban areas between Tabriz and Sahand new
town. Although, the physical development of the city in these zones- in the form of towns- will
require high cost for the preparation of lands. Therefore considering environmental unsuitable
conditions of city’s surrounding, it would be better to plan the physical-spatial development with
regard to the city’s inner potentials (such as renovation of old texture).

Copyright©2021, Geography and Development. This is an open-access article distributed under the terms of the Creative Commons Attribution-
noncommercial 4.0 International License which permits copy and redistribute the material just in noncommercial usages, provided the original

work is properly cited.

Extended Abstract human and biological environment, the natural

1- Introduction

owadays high
population (more than 50 percent) topography,
live in urban areas (Yang and Li,
2013: 186). Urban planning requires
understanding of lands on which
cities are built. Along with the

environment should also be known and used in the

process of spatial planning. The natural environment
ratio of world has various components including geology,
soil, hydrology, climate, and
environmental hazards (Lein, 2003: 70). All of these
components should be evaluated and synthesized in a
comprehensive and systematic approach. More
importantly, the physical development of cities and
even many villages without regard to dangerous
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natural environment of planning and urban
development plans. In the present study, the
appropriate  areas for the  spatial-physical
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development of Tabriz metropolis are evaluated
considering the environmental variables and
hazards. Catastrophe theory in the context of the
GIS is used for the integration of these variables.
Weighting methods are mainly classified into two
groups: subjective and objective methods. In
subjective weighting methods, the weights are
assigned according to the knowledge and judgment
of decision makers. On the other hand, objective
weighting methods uses mathematical models to
assign weights. Analytical hierarchy process (AHP),
weighted linear combination (WLC) weighted
aggregation method, weighted sum model (WSM)
are some objective weighting approaches (Ahmed et
al., 2015: 539-549). Therefore, such methods are
criticized for its inability to avoid subjectivity and
to incorporate the inherent uncertainty (Su et al.,
2011: 737-746). In catastrophe model, the importance
of each criterion to the other is calculated through
its internal mechanism, therefore the disadvantage
of subjectivism decreases greatly (Ahmed et al.,
2015: 539-549).

2-Methods and Material

In the catastrophe theory, function variables of the
system is divided into dependent state and control
variables. Dependent state variables are internal
variables of the system and control variables are
external effective factors while system is running
(Xiao-jun et al., 2014: 463-477). For example in the
current study, land suitability for the urban
development is state or response variable and
distance to fault, slope, lithology, etc. are control
variables. Catastrophe theory is the study of
potential function V(xic,), in which x; is the state
variable and c, is the control variable (Xiao-jun et al.,
2014: 463-477). Rather than weights assigned by the
users, catastrophic fuzzy membership functions
determine the dependency of state variables on
control variables. Different control variables have
different effects on the state variable. First, this
assessment was classified into several sub-systems
with different indicators according to internal
mechanism of the system. The initial data is
normalized using catastrophe theory and fuzzy
mathematics to give optimal or cleanest data. The

multidimensional catastrophe fuzzy membership
functions assign values ranging from 0 to 1 to
resolve incompatibility of various initial data. There
are seven catastrophe models namely, fold
catastrophe, cusp catastrophe, dovetail catastrophe,
butterfly catastrophe, swallowtail catastrophe,
hyperbolic umbilical catastrophe and parabola
umbilical catastrophe (Ahmed et al., 2015: 539-549).
As different control variables have different effects
on the state variable, the site selection system or
land suitability was classified into several sub-
systems. Each sub system includes some factor or
indicator related to site selection. In the case of
Tabriz, these sub systems can be divided into three
general groups: hydrological indicators including
groundwater table and flood hazard; geologic and
geomorphologic indicators such as elevation, slope,
landforms, distance to fault, lithology, soil and
slope instability; land cover indicators including
land use and vegetation cover.

As the range and unit of main data is different, it is
not possible to use those units for data analysis, so
normalization of data is necessary. Normalization
process makes the data dimensionless, thus remove
inappropriateness of indicators (Ahmed et al. 2015).
In the present study, complementary principle was
used in order to calculate the catastrophe
progression of each control variable. Strong spatial
variability of natural variables has caused that
catastrophe function type of most of the indicators
to be wigwam. After weighting each indicator,
related layers were combined using geographic
information system.

3-Results and Discussion

The result of natural variables overlaying using
catastrophe theory indicate that spatial-physical
development of Tabriz encounters obstacles and
limitations. Topographic and tectonic conditions
have a basic role in optimum site selection for
spatial development of Tabriz. So that elevation,
slope and distance to fault are in a higher priority.
Strong spatial differentiation of these variables have
had a fundamental role in high priority based on
complementary principle of them. The spatial
development of Tabriz in the north, northeast and
northwest parts encounters limitations. The most
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important limitations are uneven topography, steep
slopes, slope instability, some loose and unstable
formations specially marls, and above all north
Tabriz fault. In fact, the north and northeast parts
are considered as the most inappropriate areas for
spatial development of Tabriz and it must be
prevented in this zones. Because of Sahand volcanic
mass, spatial development of the city in the
southeast and southern parts encounters limitation.
Although there are suitable zones in the parts of
west and southwest of the city for the spatial-
physical development, but it is important to note
that there are high quality agricultural lands in these
areas. Therefore Tabriz city has many limitations to
spatial development. These limitations are resulted
from geomorphologic hazards (especially north
Tabriz fault), uneven topography, high groundwater
level, and existence of high quality agricultural
lands. In fact, smooth and low slope lands are not
suitable for spatial development of city because of
existence of fertile agricultural lands or marshland
and high groundwater level. In a comparative
manner, suitable areas for the physical development
of the city were located in the southwest of the peri-
urban area between Tabriz city and Sahand new
town.

4- Conclusion

In order to avoid subjectivism, catastrophe theory
functions were used to the integration of different
variables in the context of geographic information
system. Decrease in decision making uncertainty
during weighting process and to some extent in
classification uncertainty, high flexibility in type and
number of variables, and consideration of spatial
differentiation of variables are the most important
advantages of this model. The comparison between
the results of this model and field and geographic
facts indicates high efficiency and validity of used
model. Feasibility of spatial-physical development of
Tabriz using catastrophe theory showed that because
of special geomorphologic, geologic, soil and
hydrologic conditions, there are not suitable zones
for the spatial- physical development in the

surrounding of the city. The best zones for outer
development of the city is located in the southwest of
the peri-urban areas between Tabriz and Sahand new
town. Although, the physical development of the city
in these zones- in the form of towns- will require
high cost for the preparation of lands. Therefore
considering environmental unsuitable conditions of
city’s surrounding, it would be better to plan the
physical-spatial development with regard to the city’s
inner potentials (such as renovation of old texture).
Keywords: Site selection, City's spatial- physical
development, Catastrophe theory, Tabriz.
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9-Utility function
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1-Optimal or cleanest

2-Fold catastrophe

3-Cusp catastrophe

4-Dovetail catastrophe

5-Butterfly catastrophe
6-Swallowtail catastrophe
7-Hyperbolic umbilical catastrophe
8-Parabola umbilical catastrophe
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