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Abstract: Problem Statement: The unplanned physical expansion of cities has been one of the most
important problems of urban management in developing countries. Iran, like other developing world
has experienced a high level of urbanization growth which transformed the physical fabric of urban
areas. North of Iran is one of most rapid growing region of the country where the moderate climate and
a tourism based economy encouraged many developers to investigate in housing sector. So, the
primary outcome of such process was the out-growth of the city boundaries in the region. Approach:
This research attempted to present an appropriate model for urban physical development. The study
used different parameters such as environmental and socio-economic factors to provide a good
understanding of the city behavior in its geographical setting. Through applying the Multi-Criteria
Decision Model (MCDA) and GIS, the most appropriate area introduced for near future development.
Results: The results revealed that the integrated GIS and MCDA model has many potentials which
allow the planner or user investigate the final decision for site selection for future urban physical
development. Conclusion: Since the city is located in a fertile agricultural area where the general
policy of the local government is to save the lands for strategic crops like rice, to select the right site

for city development is quiet significant.
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INTRODUCTION

The physical expansion of the cities is a dynamic
process which changes the physical space of the city in
a vertical or horizontal direction. If this process takes
place in an unplanned manner, the physical balance of
urban areas would be challenged and soon urban system
is not able to function properly. Many of small and
intermediate cities of the country have developed on the
margins of their limits where the urban incompatible
land uses created many problems!'

The unplanned physical growth is one the most
challenging problems in the developing countries which
impose many socio-economic and environmental
constrain. So, the physical growth of cities should be
guide and control by considering the different
parameters which influence the city expansion.
Managing a city needs a large amount of data and
information which the traditional methods are not able

to do deal with them. The complexity of the urban land
uses and their functions could be managed and
perceived only by using a powerful tool such as GIS.
One of the models which can decrease the cost and has
a high potential for spatial decision making is Multi-
criteria Decision Model Analysis (MCDA).

Babolsar town is one of the northern cities of the
Mazandaran province in the southern coast of the
Caspian Sea. The town is located in the middle of
agricultural fertile lands. Iran as arid and semi arid
region has a limited area of cultivable land which is
mainly scratched in the north. The central policy of the
Iranian government is to save agricultural land for the
cultivation of rice as strategic crop. But the
unprecedented urban physical growth has threatened the
most of the periphery areas of the city in the region. So
this study tries by using an efficient model for
appropriate urban development in the area.
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MATERIALS AND METHODS

Multi model decision making refers to a process of
valuing different alternatives which are investigated by
several criteria. The multi criteria decision making
could be divided into the two broad classes: multi-
attribute and multi-objective decision making.

If the investigated case is a confined set of
alternatives for selecting of the best one according to
the weight of each alternative characteristic, this case
would be a Multi-attribute decision making. The multi-
objective decision making selects the best alternatives
on the base of much incompatible objectives’”. The
multi-objective models are used for design while multi
objective models are applied for selecting the best
alternative!®! .

The Multi Criteria Decision Making (MCDM) is a
set of techniques (e.g., sum of weights or conversion
analysis) which is able to weight and score a range of
criteria and then the scores are ranked by the expertise
and other related interested groups!*’.

Statistics reveal that more than 80 percent of
information relates to space and situation in the daily
life of human being!*!.

The MCDA techniques are spatial in much degree.
In fact, criteria are different among the number of
decision in space’® However, despite the potential of
MCDA model for integration to deal with spatial units
problems, it gained attention only in a certain period of
times in some practical researches and managerial
limits'® Urban planners used the strategy of MCDA
integration for dealing with spatial issues from 1990s!”
A city system can not be studied only by considering
the simple concepts like land use or traffic. Now
planners need to develop and deepen their
understanding about a city system by analyzing a
various socio-economic and political indicators. The
issues which need to be dealt at same times create a
condition which many alternatives should be tested and
integrated to improve!™.

So, using an analyzing tool for the huge volume of
data is quite necessary to optimize the MCDA models.
GIS can provide an appropriate context for data
analysis which is useful tool integration with into MCD
methods. Therefore, using MCDA and GIS has a high
efficiency for solving spatial problems in urbanism; as
in one hand this method could provide an organized
framework for consider the effective criteria on spatial
issues and weighting them through multi criteria
decision strategy and in the other GIS can analysis the
large data to determine the most appropriate decisions.
Carver and Openshaw stated four main benefits for
using integrated MCDA and GIS:
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This method has the ability to perform the complex
analysis of many different criteria.

This model uses factor weighting to integrate the
analysis for value judgments.

It creates a systematic framework of analysis.

It has all of the advantages of the GIS data base!”’.

The AHP approach, developed by!'” is one of the
more extensively used MCDM methods. The AHP has
been applied to a wide variety of decisions and the
human judgment process''". This technique is one of
the MCDA methods with many capabilities which is
used in different scientific disciplines. The previous
researches show that the technique of MCDA which is
known AHP, is very suitable for solving complicated
issues!'l. Obtaining solutions in the AHP is not a
statistical procedure, because it can help either a single
decision maker or a decision group to solve a MCDM
problem!"*.One of the most important advantages of
AHP relates to its ability to measure quantitative and
qualitative characteristics of a decision!*!

Applying the AHP procedure involves three basic
steps: (1) decomposition, or the hierarchy construction;
(2) comparative judgments, or defining and executing
data collection to obtain pair wise comparison data on
elements of the hierarchical structure; and (3) synthesis
of priorities, or constructing an overall priority
rating!"*,

In first stage, the decision makers need to break
down complex multiple criteria decision problems into
its component parts of which every possible attributes
are arranged into multiple hierarchical levels.

The criteria and subcriteria are not each equally
important to the decision at each level of the hierarchy
and each alternative rates differently on each criteria.
AHP can provide an analytical process that is able to
combine and consolidate the evaluations of the
alternatives and criteria by either an individual or group
involved in the decision-making task'®.

One notes that two elements being compared at a
given time greatly reduces the conceptual complexity of
an analysis. This simplification involves assumptions
that!'"'®1% considered reasonable. Given a pair wise
comparison, the analysis involves three tasks: (1)
developing a comparison matrix at each level of the
hierarchy starting from the second level and working
down, (2) computing the relative weights for each
element of the hierarchy and (3) estimating the
consistency ratio to check the consistency of the
judgment*. the comparisons can be carried out through
personal or subjective judgments!'.
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Table 1: 9-point intensity of relative importance scale

Intensity of definition Explanation
importance
1 Equal Two activities contribute
Importance equally to the objective
3 Weak importance Experience and judgment
of one over slightly favor
another one activity over another
5 Essential or Experience and judgment
strong importance strongly favor
one activity over another
7 Demonstrated An activity is strongly
importance favored and its dominance is
demonstrated in practice
9 Absolute The evidence favoring one
Importance activity over another is of the
highest possible order of
affirmation
2,4,6,8 Intermediate values when compromise is needed

between the two

adjacent judgments
Reciprocals If activity i has one
ofabove  of the above nonzero
nonzero numbers assigned to

it when compared with

activity j, then j has

the reciprocal value.

when compared with i

Satty®"

The 9-point scale used in typical analytic hierarchy
studies is ranging from 1 (indifference or equal
importance) to 9 (extreme preference or absolute
importance) Table 1. This pair wise comparison
enabled the decision maker to evaluate the contribution
of each factor to the objective independently, thereby
simplifying the decision making process.

Elements in each level are compared in pairs with
respect to their importance to an element in the next
higher level. Starting at the top of the hierarchy and
working down, the pair wise comparisons at a given
level can be reduced to a number of square matrices

A =[o],., asin the following:
a'11 aIZ a'ln
Ay 8y ay,
a,, a,, .. a,

The matrix has reciprocal properties, which are:

After all pair wise comparison matrices are formed,
the vector of weights, w =[w ,w,,..,w, ], is computed
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on the basis of Satty’s eigenvector procedure. The
computation of the weights involves two steps. First,

the pair wise comparison matrix A:[aij]nxn is

normalized by Eq.1 and then the weights are computed
by Eq. 2.

* aij

4y = @))
22,
i=1

forall j=1,2,..,n
Zau
=1

Wi = 2

n
forall i=1,2,...,n
Satty!'”! showed that there is a relationship between
the vector weights, w and the pair wise comparison
matrix, A, as shown in Eq. 3.

Aw =LA W

A3)

The A validating

parameter in AHP and is used as a reference index to
screen information by calculating the Consistency Ratio
(CR) of the estimated vector. To calculate the CR, the
Consistency Index (CI) for each matrix of order n can
be obtained from Eq. 4.

value is important

max

an

A - n

Cl= —nu 4)
n -1
Then, CR can be calculated using Eq. 5:
Cl
CR=— 5
R0 )
Where RI is the random consistency index

obtained from a randomly generated pair wise
comparison matrix? Table 2 shows the value of the RI
from matrices of order 1 to 10 as suggested by Satty.
IfCR <0.1, then the comparisons are acceptable. If,
however, CR > 0.1, then the values of the ratio are
indicative of inconsistent judgments. In such cases, one
should reconsider and revise the original values in the
pair wise comparison matrix A.

The AHP was adopted in education, engineering,
government, industry, management, manufacturing,
personal, political, social and sports'). The wide
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Table 2: Random inconsistency indices (ri) for n = 10

N RI
1 0.00
2 0.00
3 0.58
4 0.90
5 1.12
6 1.24
7 1.32
8 1.41
9 1.46
10 1.49
Satty!'"!
Land compatibility Goal )
analysis for uthan defindion
developtment
x
Definition of criterial— Data
and data collection digitization
Diata transferring into ’> T 1'
. ; opology
st and forming data uilding
ase .
Handardization || Using index
gf criteria maps| | ovetlay
Building hierarchical diagram ‘ |
Building pairwise mateix of 1
citeria e|Tsing AHP [ Criteria
Investigating of critetia by weighting
9 poind intensity . N -
Caloulating of each criteria Tte gration of criteria Integration of information
weight and rlti eriteria " layets by index overlay in
analysis GI5

alternatives
Expett analysis

!
Belection of

appropriate site for
uthan developmert

Fig. 1: The conceptual flow of the research

applicability is due to its simplicity, ease of use and
great flexibility. It can be integrated with other
techniques, for instance, mathematical programming in
order to consider not only both qualitative and
quantitative factors, but also some real-world resource
limitations.

We have integrated this method with the Index
Overlay method in the present study. In IO model the
different factors and classes has different values and
then a set of flexible maps will be provide which has a
range of numbers. For example, gradient has different
degrees for different purposes which may change from
3-10 % or more. Here, an appropriate gradient for urban
development is between 3-8%. The process of
weighting will be done for fault line, gradient direction,
soil and alike. Then by two variable analyses the layers
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composite and each location with higher values would
be selected. The conceptual flow of the research is
illustrated in Fig. 1.

Selecting criteria of the land compatibility analysis
for urban development: Physical planning for urban
development should consider the geographical areas
which are suitable for urban physical development in
the regional and national level. The potential and the
type of land use need different socio-economic and
environmental studies’®”. Also many physical factors
such as topography, gradient, soil and others should be
investigated in the location where the possible urban
development takes place there!”". The present study has
considered the following criteria to determine the
appropriate land for urban physical expansion which
are included: Land potential, distance to fault line, the
dominant wind direction, topography and distance from
the legal limit of the city, land limitations, distance
from the main roads, distance from rivers and distance
from urban infrastructure. Clearly, each criterion should
be carefully examined and probably adjusted with
respect to the local conditions.

The practice of the recommended process: The
criteria will be weighted and the value of each it will be
determined in the analysis process after selecting the
most important influential criteria on the land
compatibility analysis. The relative value of each
criterion will be assigned by using AHP. The first step
is the formation of hierarchical diagram and then the
pairwise comparison will be done for measuring the
importance of criteria. The 9-point intensity of relative
importance scale of Saaty was used for such purpose.
The pair wise comparison matrix has shown in Table 3.
The important point of this stage is the consistency
ratio in comparisons. Researchers believe that in a
scientific study, the amount of consistency ratio
should be less or equal to 0.1 to be sure about our
judgments. This figure has been 0.03 in this research
which led to a high assurance of judgments. The
relative weights of the criteria were determined by
using mathematical methods such as mean. The weights
of the given criteria have been obtained in the Table 4.
Each criterion classified with respect to the aim
and the value of each class is assigned in the process.
The Index Overlay was used for weighting. 1 the
different classes in this model and the existed elements
were weighted, the result were series of flexible maps
which include a range of numbers. For example
distance from fault lines is classified and weighted in
Table 5.
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Table 3: The pairwise comparison matrix in AHP model

Distance  The dominant Land Distance Distance Lands Distance Distance Topography

fromthe  wind potential from the to the limitations ~ from the from the

legal limits  direction rivers fault line infrastru- main

of the city ctures roads
Distance from the 1.00 0.33 0.20 4.00 0.25 2.00 5 3.00 0.50
legal limits of the city
The dominant 3.00 1.00 0.33 6.00 0.50 4.00 7 5.00 2.00
wind direction
Land potential 5.00 3.00 1.00 8.00 2.00 6.00 9 7.00 4.00
Distance from the rivers 0.25 0.16 0.12 1.00 0.14 0.33 2 0.50 0.20
Distance to the fault line 4.00 2.00 0.50 7.00 1.00 5.00 8 6.00 3.00
Lands limitations 0.50 0.25 0.16 3.00 0.20 1.00 4 2.00 0.33
Distance from the 0.20 0.14 0.11 0.50 0.12 0.25 1 0.33 0.16
infrastructures
Distance from the 0.33 0.20 0.14 2.00 0.16 0.50 3 1.00 0.25
main roads
Topography 2.00 0.50 0.25 5.00 0.33 3.00 6 4.00 1.00
Table 4: weighting of the given criteria
criteria weight =4
Land potential 0.312
Distance to fault line 0.222
Dominant wind direction 0.155
Topography 0.108 |
Distance from legal limit of the city 0.074 . |
Land limitation 0.051 Rlv_e” \ :
Distance from main roads 0.035 — IEI,?"" .1*0?](1& B ||
Distance from rivers 0.025 1 City 1_1111.1ts (|- r 4
Distance from urban infrastructures 0.018 m— 1)1‘1_01‘1@ ri‘ : N

B 2ad priority (
9390 780 1,550 2,340 3,120 ‘ %

Table 5: Distance from the fault line R Meters
Weight distance (m)
; (3);)300(6)00 Fig.2: The most appropriate sites for urban
s 600-1000 development
7 1000-2000
9 >2000 weighting may counter with some difficulties, so

The layers would be overlapped on the base of
their relative values by the help of Index Overlay in
GIS. The sites with higher scores prioritized as first and
second areas for the city future development. The most
appropriate sites for urban development are shown in
Fig.2.

RESULTS

The results of the present research could be listed
as follow:

e  The multi-criteria decision analysis can provide an
appropriate framework for solution of the
complicated issues of urban spatial planning when
it is integrated to GIS. Such as urban land
compatibility for urban development.

e The GIS based MCDA is very flexible and simple
which many criteria could be analysis to solve a
problem. How ever it needs to be mentioning that
by increasing the numbers of criteria the process of

the given criteria should consider the limitation of
the model.

In the process of weighting the views of all interest
groups could be asked with respect to their level of
involvement. So this model can increase the public
participation in the urban decision making. The future
research can show the dimension of such opportunists.

e There are many criteria in land compatibility
analysis for urban development which ignoring
some of them can threat the urban sustainability.
Also using a flexible and goal-oriented method
could prevent some of the potential problems and
decrease the cost.

e The recommended process for the city of Babolsar
reveals that the most appropriated site for future
development of the city is located in the southern
parts (Fig.2). This case should be considered by the
planners and especially the consulting engineers
who design the city master plan.
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DISCUSSION

The main priority of national and local policy
makers is to preserve the Northern strip on the country
as Iran is a vast territory surrounded by mountainous
ranges of Alborz and Zagros in the North and South
west. The arid and semi arid of central parts provide
less opportunities for agricultural development. The
Southern Caspian Sea areas favor a moderate climate
and a plain with highly fertile soil. As mentioned
above, the area experienced a high urban growth which
the expansion of urban infrastructures disappear the
outskirt of the most of urban places. The only tool for
urban growth control is master plans which lack proper
power and logic to be realized completely. However,
there has been some breakthrough to the monitor of
urban expansion by using new methods during the
recent years. But the new development mainly are used
in the large cities especially the capital. It could be
discussed that the study present a new way of selecting
sites for the near future in the area which could be more
appropriated.

CONCLUSION

Using the new models for urban land use planning
is relatively new in Iran especially for the smaller cities.
The multi criteria decision making provided a fresh
ground to analysis a large number of factors which play
important role in the location of different land uses. The
GIS based model proved to be more efficient while has
been quite economic compared to the traditional
methods. Also the model could be generalized in the
different areas of the country which have same
problems.
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