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Abstract: One of the first steps in land use planning is the investigation of ecologic ability for using natural
resources in different ways. In issues related to the evaluation of land ecologic ability, researchers use
mathematical and statistical procedures to give quantitative information about the ecologic ability. Due to the
variety of experts’ ideas, different aspects of environmental parameters and lack of knowledge about various
influential factors in research projects, the decisions made are uncertain and cannot be stated with exact
numerical  values.  Therefore,  deterministic  procedures  are  not suitable in such situations. In this research,
we have tried to provide a quantitative basis for modeling the mentioned uncertainty in determining land
ecologic ability by combining grey clustering analysis (which is used for mathematical modeling of problems
in uncertain conditions) with geographical information system. Khatam (a city in Yazd province) was used for
presenting the model. The information related to characteristics of the region was prepared for GIS environment
in the form of raster data. In the next step, standard criteria for determining the land ability for irrigated planting
were gathered from various resources. The maps, prepared in the GIS environment, were analyzed using grey
clustering analysis and the degree of land ecologic ability was quantitatively obtained. In the last step, the
lands of the researched area were categorized into five groups (very good, good, medium, not good and bad).
The most important results of the research are as follows: proposing grey clustering analysis as a fast and
accurate measure for evaluating the ecologic ability and using this measure for presenting criteria and standard
categories mentioned by experts for investigating the ecologic ability.
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INTRODUCTION on the other hand, have highlighted the importance of

Land is a limited and vulnerable resource which could important aspect of resource management is land use
be turned into a permanent and renewable one if its planning. One of the first steps of land use planning is
abilities are used properly [1]. From the earliest days, studying the land ecologic ability for utilizing its various
human beings have tried to exploit land resources, but it natural resources [4]. Unlike in the past when land
has usually led to their destruction because humans have evaluation was conducted through qualitative
failed to involve environmental capacities. Coherent procedures, nowadays planners need statistics in
planning for using land resources in the world began after quantitative form to evaluate land ability [5-6]. In order to
World War II [2, 3]. From the beginning of the twentieth achieve this goal, researchers have resorted to
century and especially in recent years, population mathematical and statistical models during the last
explosion and urbanization and, hence, the rise of decade. Furthermore, due to the variety of criteria, experts’
demands and exploitation of resources, on the one hand opinions and different aspects of resources, Multi-Criteria
and the fall of the amount of available natural recourses Decision Making (MCDM) models have received

managing resources and their utilization [4]. The most
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considerable attention in these investigations [7]. MCDM accurate and fast in the evaluation of ecologic systems
procedures include a set of techniques, like weighting and  encompasses all the criteria mentioned by experts
methods and convergence techniques, which gives the and investigates them in the uncertain environment and
opportunity to rate a range of criteria related to an issue presents land ecologic ability quantitatively.
to be ranked by experts and stakeholders [8]. Nowadays,
the combination of MCDM procedures and Geographic MATERIALS AND METHODS
Information System is a necessary and inevitable matter
in utilizing processing capabilities of computers for the Decisions are usually made based on the criteria
evaluating of ecologic ability and consequently making proposed by experts. However, due to various reasons,
decisions about land use [9]. experts’ preferences are generally made in the light of

The first experiment in evaluating land ecologic qualitative judgments which are not based on accurate
ability  in  Iran  has been conducted by Makhdom [10]. numerical values and hence are often uncertain in
The results of his studies have been presented in the form practice [18].  Grey  theory  is  one  of  the methods that
of two models (Makhdom, 1987 and 2008) [4], which shape are used for studying insufficient data in uncertainty
the basis for every type of land evaluation in Iran (it must conditions.  This   method   uses   the  minimum  amount
be mentioned that traditional procedures have been used of data for analysis and does not demand difficult
by Makhdom for presenting the models). In the global statistical procedures. Therefore, its use is on the rise in
scale, F.A.O  model can be considered as the most the mathematical analysis of systems with insufficient1

comprehensive  model  for evaluation of land suitability in data [19]. In this research, grey system theory was used
the agriculture sector [10]. Also, a lot of studies have for analyzing data and making decisions about the studied
been done through MCDM models which are commonly region.
used in issues related to the evaluation of land ability.
Resource investigations have also utilized AHP , ANP Overview of Grey System Theory: In the real world, there2 3

methods [11], methods based on fuzzy systems [12-13-14] are a lot of systems  which  are  functioning  through
and methods related to grey systems has been used some dynamic and interrelated components. In order to
which since 1982 when grey systems theory was understand these systems and make appropriate
proposed by Deng from Hunzhong University [15-16-17]. decisions about their use, their inter relationships
In this research, we will use the results of previous between the components of the system must be carefully
studies to extract necessary criteria for evaluating studied. In system theory and control theory, colors are
ecologic ability and weighting each of these criteria. often used for demonstrating the amount of knowledge

It can be inferred from the findings of previous and information about the components of a system and
studies that nowadays one of the suitable approaches for their relationships [20]. For example, a black system shows
evaluating land ability is procedures based on fuzzy complete lack of knowledge about the internal
systems. However, because of the complications of fuzzy components of a system, whereas a white system
systems and numerous calculations, there are a lot of illustrates complete knowledge about them and their
problems in using this approach. On the contrary, grey relationships. Also, a grey system demonstrates lack of
systems and their procedures do not need complicated knowledge and uncertainty about the correctness and
calculations, while they also approach problems with the accuracy of some of the data related to the internal
same uncertainty as that of the fuzzy systems. Formulas of the system. Based on this definition, one can

Due to the heterogeneity in time of data collection, conclude that most of the known systems in the world are
lack of a single scale, limited scope of data of the region of the grey type. As a result, in order to understand and
and difference in the required conditions proposed by make decisions about these systems, owe have to face
experts, grey clustering analysis will be used for the them with uncertainty. In 1982, Dang from the Chinese
evaluation of land ecologic ability. Also, it will be tried to science and technology university of Hunzhong
combine this method with Geographic Information System conducted the first study on grey system theory, which
in order to achieve fast and accurate results. Generally, in was entitled the problem of controlling grey systems.
this study, we aim to propose a general model which is Since  then,  the  notion  of  grey  system  was  introduced
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Grey value or grey number is defined as an uncertain number or information which is located in a certain range. For example, the1

ranking of the criteria in decision making, which is a linguistic variable, can be stated in the form of a range of numbers. It consists
of uncertain numbers which are called grey numbers.
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[21, 22]. According to the definition, it can be stated that In the above Equation s:
grey system theory attempts to make a connection x  Normalized value of i-th indicator in j-th sample
between social and natural systems [18]. Grey numbers d  Measured value of i-th indicator in j-th sample
and fuzzy numbers look very similar to each other; y  Normalized value of k-th class of i-th index 
however, the difference between them is that, in grey  The standard value of k-th class of i-th index 
numbers, the exact value of the number is not known, but p Number of classes
the range which includes that number is known. In other N Number of samples
words, the exact value of the limit of the category in which
the grey number is classified is known. In contrast, in a Determining the grey whitening weight functions
fuzzy number, neither the exact value of the number, nor f (x ) in grey categories; the functions are general of
the exact value of the limit of the category in which the three types:
fuzzy number is classified is known. The fuzzy number Functions which belong to categories with unknown
follows a membership function. This small difference lower bound and known upper bound;
between grey numbers nd fuzzy ones makes it easier to
conduct calculations using grey numbers because
determining the membership function for left and right
wings in a fuzzy number is complicated and needs
calculations [18].

Grey Clustering Analysis: k Grey clustering is one of the
components of the grey theory. This method is based on
the whitening function of grey values . Grey clustering Functions which belong to categories with known1

analysis is a grey statistical procedure which investigates lower and upper bounds;
the value of target indices related to the aims in grey
categories (i.e., categories which have been pre-
determined by experts) and makes decisions about their
membership in each category [20]. In fact, in this
procedure, N number of the target sample (j) is classified
in P grey categories (k) through the use of M considered
criteria (i).

The classic steps of this categorization system are
presented here [23, 15].

Provide the explicit values of the target samples; (d ) Functions which belong to categories with knownij

Confirming Eigenvalue of evaluation indexes by lower bound and unknown upper bound;
classification standards of the indexes; ( )ik

Dimensionless: at this stage, to eliminate the effect of
measurement criteria on the results, data are
normalized by equation 1 and 2.

(1)

(2) which the best form (first category) has the lower amount

ij

ij

ik

jk

i ij
k

Of course, the above functions are true for data in

(for  instance,  the slope criterion). The diagram of its grey
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Fig. 1: Triangular diagram of the limit of classes and the degree of their membership in each class (indices whose best
form have the lowest amount)

Fig. 2: Triangular diagram of the limit of classes and the degree of their membership in each class (indices whose best
form have the highest amount)

categories follows the triangular diagram presented in
Figure 1. In other cases (i.e., when the best category has
the lowest amount, e.g. the criterion of access to water),
the diagram of grey classes follows the triangular diagram
in Figure 2 and their functions are:

In the first condition, i.e. classes with known lower
bound and upper unknown bound;

(demarcating clustering weight); 

In the second condition, i.e. classes with known Construct the clustering vector  into p gray
lower and upper bounds; clusters, using equation 4.

 = { 1, ,..., } (4)

In the third condition, i.e. classes with unknown area of 7935 square kilometers which is located in south-
lower bound and known upper bound; west  of  Yazd  province and is around the city of Khatam.

Calculating weights of the indexes in different kinds
ik

Determine the clustering coefficient, , usingjk

equation 3.

(3)

j

j j j2 jp

Determine the classification of each clustering object;
 Using equation 5.kj

 = max  { } (5)kj k=1 j

Implementing the Model for Land Categorization
The Studied Region: The studied area is a region with
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Fig. 3: The location of the studied region in Yazd province and Iran

Table 1: Weather and vegetation features of the area
Climate 4 seasons with the temperature regime Hyperthermic and moisture regime Torric
Geology Metamornic Precambrian composites in the form of Discordant in addition to Cretaceous limestone

Composites of the 4  period in the form of alluvium and hardened lime particlesth

Dry Period (spell)(day in year) 90
Mean of Annual temperature(Centigrade) 15-22
Geomorphology Peaks of Zagros mountain chain

Lands formed of river alluvium
Desert formed due to lack of drainage of salty rivers

Main agricultural crops wheat, barley, Beet, Grapes, Apricots, Pistachio

Table 2: Water resources of the region

The type of source River Fountain Aqueduct Well

Number 2 122 55 618

It has an altitude of 1540 meters and is positioned
between  Zagros  mountain  ranges  and  the  central
desert of Iran. In Figure 3, its location in Iran and the
province  has  been  demonstrated.  This  area was
selected because there is enough information about it
which makes the evaluation of the results of the model
possible. Also, it is an important area of agriculture in
Yazd province.

Table 1 contains information about the weather and
vegetation of the area, which has been provided by
Institute of Soil and Water Research [24]. Also,
information about the surface and subsurface resources

of the region, which has been provided by regional water
Company of Yazd [25], is illustrated in Table 2.

Stages of Conducting GCA on Data of the Region under
Study in GIS Environment:

In the first step, necessary data for investigation in
GIS environment were prepared in the form of raster
data. In so doing, the value of each pixel in each map
related to a criterion was studied like the value of a
sample (d ). For example, the data related to EC andij

PH of water resources of the area, which had been
provided by regional water Company of Yazd for
each point, was generalized to the surface through
Inverse Distance Weight (IDW ) procedure and was1

prepared  in  the form of two raster maps of the area.
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In the next step, in order to evaluate the ecologic were converted to dimensionless form and were
ability of the area for agriculture, the limits of scaled between 0 and 1.
standards for each criterion were gathered in the five In the fourth step, according to its value in each map,
categories illustrated in Table 3. A complete each pixel was put in the functions related to each
description of resources used for this classification category by the use of Raster Calculate and logical
has been provided in Table 4. functions NOT, XOR, OR and AND, Then, the degree
As it was mentioned, for eliminating the influence of of its membership in each category (without
data scales on decision making, the measured amount considering the weight of criteria) was determined
of data and the limit standards of criteria in categories quantitatively f  (x).i

k

Table 3: The limit of standards of the criteria for each category

Classes (k)
-----------------------------------------------------------------------------------------------------------------------

Indices (J) 1 2 3 4 5

(1) Elevation (m) 1400 1800 2100 2400 2600
(2) Slope (Degree) 3 6 11 18 25
(3) Soil depth(cm) 90 45 23.5 7.5 0
(4) Soil Texture 8 6 4 2 0
(5) EC(  mhos/cm) 750 2000 3000 4000 6000
(6) PH 6.5 6.8 7 8 8.4
(7) Amount of Irrigation water available (m  in year) 6000 4000 2000 1000 5003

(8) Land cover 8 6 4 2 0
(9) Geology 8 6 4 2 0
(10) Erodibility 8 6 4 2 0

In the above table, numbers 0, 2, 4, 6, 8 represent the following criteria: in the soil texture, represent mean light, light to medium, medium, heavy, very heavy;
in the soil depth, represent mean very shallow, shallow, semi-deep, semi-deep to deep, deep; in the erosion, represent mean high, medium to high, medium,
low to medium, low, respectively. In the land cover, the 0 represent the mean saline land, residential, the 2 represent no land cover, woodlands, shrubbery,
the 4 represent planted forest and thin forest, the 6 represent low-density grassland and semi-dense forest, the 8 represent irrigated agriculture and gardening,
semi-intensive pasture

Table 4: Resources used for determining the limit standards for criteria in each category

Criteria References

(1) Elevation Makhdom, M.F., 2008. Fundamental of Land use Planning. University of Tehran Press [4]
(2) Slope Singh, J. and S.S. Dhillon, 1984. Agricultural Geography. Tata McGraw-Hill (New Delhi) Press [26]
(3) EC Fipps, G., 2003. Irrigation Water Quality Standards and Salinity Management Strategies.

Agricultural Communications the Texas A&M University System [27]
(4) PH Fipps, G., 2003. Irrigation Water Quality Standards and Salinity Management Strategies.

Agricultural Communications the Texas A&M University System [27]
(5) Amount of Irrigation water available Makhdom, M.F., 2008. Fundamental of Land use Planning. University of Tehran Press [4]
(6) Soil Texture Karimi, M., M. Asgari and M.A. Sharifi, 2009. The Ecological land use modeling using fuzzy logic

(the study area: Urban district of Barkhar and Meymeh).
Iranian Journal of Remote Sensing and GIS, 1(1): 17-39. [10]

(7) Geology Makhdom, M.F., 2008. Fundamental of Land use Planning. University of Tehran Press [4]
(8) Soil depth Makhdom, M.F., 2008. Fundamental of Land use Planning. University of Tehran Press [4]
(9) Soil type FAO, 1985 [28]
(10) Erodibility FAO, 1985 [28]

Table 5: Linguistic variables of the questionnaire

Scale Range

Very Low [0, 2]
Low [2.1, 4]
Medium [4.1, 6]
High [6.1, 8]
very High [8.1, 10]
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Table 6: The matrix of the answer to the questionnaires

S S S S S S S S S S1 2 3 4 5 6 7 8 9 10

Elevation High High Medium High Medium High High Very High High High [ 5.6941,7.7231 ]
Slope Very High High Very High High High Very High Medium Very High Very High High [ 6.6529,8.6906 ]
Direction of slope Medium High Low Medium very High Low Low Low Medium Low [ 3.4235,5.6204 ]
Soil type High Medium Very High High Very High High High Medium Very High very High [ 6.2073,8.2578 ]
Soil depth High Medium Very High Very High Very High Medium High High Very High Medium [ 5.9607,8.0236 ]
Soil texture Medium very High High High Medium very High High High Medium High [ 5.6274,7.6734 ]
Amount of irrigation Very High Very High Very High Very High Very High Very High Very High High Very High Very High [ 7.7731,9.7793 ]
water available
EC(Water) Low Medium High High Very High Medium Medium High Very High High [ 5.0419,7.1595 ]
PH(Water) Medium Low very High Medium High Low Medium Very High High High [ 4.5173,6.6801 ]
Land use Very High High Very High Low Low High Medium Medium Medium Very Low [ 2.9996,5.8153 ]
Land cover High Low Medium High Medium Medium High Low Very High Medium [ 4.2148,6.3474 ]
Geology Medium High High Medium Low High High Medium High Low [ 4.2648,6.3885 ]
Erodibility Medium Very High Medium High High Medium Very High High High High [ 5.6274,7.6734 ]

In this table, s  to s  represent the respondents and their linguistic variable responses determined the importance of each criterion1 10

Fig. 4: The index related to each category has been put as a number along with its related map. The maps related to each
class have been normalized (Between 0 and 1) in order to be shown, in which the regions with more light gray
shows the more relevance to this class
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Fig. 5: Final map of the model output that pixel for agriculture. Final results have been

In order to calculate the weight of the criteria from
grey numbers, a questionnaire with grey ranges was RESULTS AND DISCUSSION
designed [29]. Its ranges have been demonstrated in
Table 5. After collecting experts’ ideas whose results The results obtained from the model output show
have been presented in a matrix in Table 6, the range that 1319 square kilometers of the city have ecologic
related to the weight of each criterion was  calculated ability of very high (for agriculture), 1453 square
using the equation 6, 7 and 8. kilometers have high ecologic ability, 3805 square

(6) and 868 square kilometers of very low ecologic ability.

(7) city showed the following results:

(8) category 1 and more than 0.32 of these lands are in

Environmental units might have the capacity to be

Here,  and  refer to the geometric mean of the decision for selecting one of these uses, which is an
lower and upper limit of ith criterion which have been important issue in the life of humans in this era, is very
given values by s respondents (in the above Equation, s sensitive and difficult. In environmental programming,
is the index determining respondents and it is not power). environmental planners and decision makers must have

Also,  indicates the weight of ith criterion which
has been determined by sth respondent.

After obtaining the grey range from criterion (i),
median of the range was chosen as the final weight of the
criterion ( ). Also, in order to delete the criteria whichik

were considered unimportant by experts, the criteria
whose weight was less than 0.5 according to experts were
eliminated. At the end, 10 criteria was selected and used
for investigation.

In the next phase, in order to determine the final value
of each sample (pixel) in each criterion, the weight of
each criterion was multiplied by its map using the
Equation 3.
In this stage, the 10 obtained maps from the
functions of each category were added up and the
final degree of membership of each sample to each of
the five grey categories ( ) was obtained. Its resultsj

have been demonstrated in the findings in the form of
normalized maps 1 to 5 classes in Figure 4.
The final step in this study was making decision
about the category to which each pixel belonged. To
this end, according to Equation 5, the category in
which the pixel had the highest degree of membership
was chosen as indicator of the degree of quality of

demonstrated in Figure 5.

kilometers have medium, 490 square kilometers have low

Comparing the final maps, which have been
presented in map 3, Figure 5 with the applied map of the

Right now, more than 0.52 of the irrigated lands which
produce horticultural and agricultural products are in

category 2. The share of categories 3, 4 and 5 are 11.5, 3.8
and 0.7, respectively.

developed for multiple uses. In these cases, making
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access to studies which are able to present the land ability 6. Chamheidar, H., D. Nikkami, M.H. Mahdian, E. Pazira
quantitatively for various uses. This could be considered and M. Ghafouri, 2011. Soil Loss Minimization
along with other parameters, like cultural, social and through Land Use Optimization. World Applied
economic conditions for resource management, in order to Science Journal, 12(1): 76-82.
achieve sustainable development. 7. Tuma, J., S. Smith and Z. Szantoi, 2011. Dynamics of

Using empirical  investigations  and  experts’ ideas Land Use Change in the Florida Panhandle Using GIS
one  can  conclude  that grey clustering model with the Optimization Models: A Framework to Determine the
help  of GIS  analysis functions has an acceptable Impact of Climate Change on the Florida Panhandle.
accuracy  and  speed  for  studying  the   ecologic  ability World Applied Science Journal, 14(10): 1428-1437.
of land and making decisions about resource 8. Kuo, Y., T. Yang and G. Hung, 2008. The use of grey
management. relational analysis in solving multiple attribute

One of the outcomes of this research is the decision making problems. Computers and Industrial
introduction of grey analysis method for evaluating the Engineering, 55: 80-93.
ecologic ability and land preparation in areas where we do 9. Nasiri, A., 2009. Application of Integrating spatial
not have access to enough data and conditions are multi-criteria decision making (SMCDM) methods in
uncertain. Another outcome is collecting and introducing land use planning with GIS. National Conference on
the necessary parameters for performing the model. Using Geomatics, pp: 1-14.
this method in the light of GIS capacities, we could begin 10. Karimi, M., M. Asgari and M.A. Sharifi, 2009. The
a primary but certain, fast and almost accurate method in Ecological land use modeling using fuzzy logic (the
issues of land preparation. It seems that due to its simpler study area: Urban district of Barkhar and Meymeh).
mathematical calculations compared to fuzzy methods, Iranian   Journal    of   Remote   Sensing   and  GIS,
grey clustering analysis is a good substitute for 1(1): 17-39.
evaluating the ecologic ability of land in areas with 11. Duc, T.T., 2006. Using GIS and AHP technique for
insufficient data. land-use suitability analysis. Proceedings of the

In this research, grey weightening was used for International Symposium on GeoInformatics for
weightening the criteria. It is suggested that in future Spatial Infrastructure Development in Earth and
studies other procedures be used in order to measure the Allied Sciences, pp: 9-11.
accuracy of each of these methods in GCA. Also, it is 12. Tang, H., 1993. Land suitability classification based
suggested that when this model is used for investigating on fuzzy set theory and modeling of land production
the ecologic ability of land and making decisions about potential of maize and winter wheat in different zones
land preparation, multiple uses at the same time be of China. PhD thesis, University of Ghent, Belgium.
considered  in order to enhance the accuracy of the 13. Burrough, P.A., R.A. MacMillan and W. Van
method. Deursen, 1992. Fuzzy classification methods for
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