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ABSTRACT:

Cell-based Multicriteria Evaluation (MCE) methods are used to analyse the land suitability evaluation. Land evaluation is carried out
to estimate the suitability of land for a specific use such as arable farming or irrigated agriculture. land suitability evaluation is a
prerequisite for land-use planning and development (Sys 1985; Van Ranst and others 1996). It provides information on the
constraints and opportunities for the use of the land and therefore guides decisions on optimal utilization of land resources
(FAO1983). The aim in integrating Multicriteria Decision Analysis (MCDA) with Geographical Information Systems (GIS) is to
provide more flexible and more accurate decisions to the decision makers in order to evaluate the effective factors. Furthermore, By
changing the parameters in this type of method, a wide range of decision strategies or scenarios can be generated in some procedures.
The goal of this research is to take the advantage of incorporation of fuzzy (linguistic) quantifiers into GIS-based land suitability
analysis by ordered weighted averaging (OWA). OWA is a multicriteria evaluation procedure (or combination operator). The nature
of the OWA procedure depends on some parameters, which can be specified by means of fuzzy (linguistic) quantifiers. The
quantifier-guided OWA procedure is illustrated using land-use suitability analysis in Shavur plain,Iran.

1. INTRODUCTION These approaches can be generalized within the framework of
the ordered weighted averaging (OWA) (Asproth et al., 1999;

Land-use suitability mapping and analysis is one of the most Jiang and Eastman, 2000; Makropoulos et al., 2003;
useful applications of GIS for spatial planning and management Malczewski et al., 2003; Malczewski and Rinner, 2005;
(Collins et al., 2001; Malczewski, 2004). Land-use suitability Malczewski .,2006). OWA is a family of multicriteria
analysis is a multicriteria evaluation,which aims at identifying combination procedures (Yager, 1988). Conventional OWA can
the most appropriate spatial pattern for future land uses utilizes the qualitative statements in the form of fuzzy
according to specify requirements, preferences, or predictors of  quantifiers(Yager, 1988, 1996). The main goal of this paper is
some activity (Hopkins, 1977; Collins et al., 2001). Geographic to produce the land suitability maps according to OWA
information systems (GIS) serve the multicriteria evaluation operators for GIS-based multicriteria evaluation procedures.
function of suitability assessment well, providing the attribute
values for each location and both the arithmetic and logical
operators for combining attributes (Jiang and Eastman 2000). 2. METHODS
Furthermore multicriteria evaluation may be used to develop OWA is a multicriteria evaluation procedure (or combination
and evaluate alternative plans that may facilitate compromise operator). The nature of the OWA procedure depends on some
among interested parties (Malczewski, 1996). In general, the parameters, which can be specified by means of fuzzy
GIS-based land suitability analysis assumes that a given study (linguistic) quantifiers. The GIS-based multicriteria evaluation
area is subdivided into a set of basic unit of observations such as procedures involve a set of geographically defined alternatives
polygons or rasters. Then, the land-use suitability problem (e.g. parcels of land) and a set of evaluation criteria represented
involves evaluation and classification of the areal units as map layers. The problem is to combine the criterion maps
according to their suitability for a particular activity. Over the according to the attribute values and decision  maker’s
last 10 years or so, land-use suitability problems have preferences using a combination rule. each alternative (i =1, 2,
increasingly been conceptualized in terms of the GIS-based ... ,m) is represented as a cell (raster) or a polygon and is
multicriteria  evaluation procedures (e.g. Banai, 1993;
Jankowski and Richard, 1994; Joerin, 1995 ; Barredo, 1996;
Antonie et al.,, 1997; Lin et al., 1997; Beedasy and Whyatt, described by a set of standardized criterion values: a;; € [0, 1]
1999; Malczewski, 1999; Barredo et al., 2000; Mohamed et al.,
2000; Bojorquez-Tapia et al., 2001; Dai et al., 2001; Joerin et
al., 2001). There are two fundamental classes of multicriteria ~ forj =1, 2, ... ,n. A multicriteria evaluation problem involves
evaluation methods in GIS: the Boolean overlay operations  also preferences which are typically specified as the criterion
(noncompensatory combination rules) and the weighted linear il
combination (WLC) methods (compensatory combination Z by - 1
rules). They have been the most often used approaches for land-
use suitability analysis (Heywood et al., 1995; Jankowski, 1995;
Barredo, 1996; Beedasy and Whyatt, 1999; Malczewski, 2004).

weights, w; € [0, 1] forj=1,2,.. ., n,and =1 . Given
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the input data (a set of criterion map layers and criterion
weights), the OWA combination operator associates with the i-

th location (e.g., raster or point) a set of order weights v = vy, v,,
J,!.

., Vy such that v; €[0, 1], j=1,2,..,n, /=1 , and is

defined as follows (see Yager, 1988; Malczewski et al., 2003):

w
g
owa =Y (E?L)zt ]
o Mg¥sl

= (1)

where z;; > z;, > . . . > z;, is the sequence obtained by reordering
the attribute values aj;, ap, . . ., ajn, and u; is the criterion weight
reordered according to the attribute value, z;. It is important to
point to the difference between the two types of weights (the
criterion weights and the order weights). The criterion weights
are assigned to evaluation criteria to indicate their relative
importance. All locations on the j-th criterion map are assigned
the same weight of w;. The order weights are associated with
the criterion values on the location-by-location basis. They are
assigned to the i-th location’s attribute value in decreasing order
without considering from which criterion map the value comes.
With different sets of order weights, one can generate a wide
range of OWA operators including the most often used GIS-
base map combination procedures: the weighted linear
combination (WLC) and Boolean overlay operations, such as
intersection (AND) and union (OR) (Yager, 1988; Malczewski
et al., 2003). The AND and OR operators represent the extreme
cases of OWA and they correspond to the MIN and MAX
operators, respectively. The order weights associated with the
MIN operator are: v, = 1, and v; = 0 for all other weights. Given
the order weights, OWA;(MIN) = MIN;(aj;, aj, . - ., ajy). The
following weights are associated with the MAX operator: v, =
1, and vj= 0 for all other weights, and consequently OWAjpax)
= MAX;(aj}, app, . . ., &p). Assigning equal order weights (that is,
vij=1l/mforj=1,2,...,n)results in the conventional WLC,
which is situated at the mid-point on the continuum ranging
from the MIN to MAX operators (Malczewski, 2006).

Given a set of criterion maps and a fuzzy linguistic quantifier Q,
one can perform a procedure for combining the criteria based on
a statement regarding the relationship between the evaluation
criteria.

Based on the type of linguistically quantified

statements one can distinguish between: the absolute linguistic
quantifiers and the relative (or proportional) linguistic
quantifiers (Zadeh, 1983). There is no empirical evidence to
show which of the two classes of linguistic quantifiers is more

suitable for multicriteria evaluation. Here we will focus on a
class of the proportional quantifiers known as the regular
increasing monotone (RIM) quantifiers (Yager, 1996). To
identify the quantifier we employ one of the simplest and the
most often used methods for defining a parameterized subset on
the unit interval (Yager, 1996). Specifically,

Q) =p",a>0 2

Q( p) is represented as a fuzzy set in interval [0, 1]. Table 1
shows a selection of the RIM quantifiers and their
characteristics. By hanging the parameter, o, one can generate
different

types of quantifiers and associated operators between the two
extreme cases of the all and at least one quantifiers. For a = 1,
Q( p) is proportional to a and therefore it is referred to as the
identity quantifier. As a tends to zero, the quantifier Q( p)
approaches its extreme case of at least one, which corresponds
to the MAX

operator. As a tends to infinity, the quantifier Q( p) approaches
its extreme case of all, which corresponds to the MIN operator.
The order weights according to RIM quantifier is defined as
follows:

o =8

=1
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Given the criterion weights, wj, and order weights, v;, the
quantifier-guided OWA is defined as follows:

" F G -1 &
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3. CASE STUDY

3.1.Study area

The study area, Shavoue, lies in the Northern of
Khouzestan province,Iran. It is located within coordinate
of latitude 31°37°30°” and 32°30°00°* North and longtitude
48°15°00°” and 48°40°40°” East with the area of 77404/23
ha (hectar). (figurel.)

« Quantifier (Q) OWA weights (v;) ORness Tradeoff GIS combination procedure
a—0 At least one vy = 1; v; = 0, for all other weights 1.0 0.0 OWA (OR, MAX)

a=0.1 At least a few a a a OWA

a=0.5 A few : i i OWA

w=1 Half (identity) v; = 1/n, for all 0.5 1.0 OWA (WLC)

a=2 Most ! . a4 OWA

a=10 Almost all 4 . 4 OWA

o — 00 All vy = 11 v; = 0, for all other weights 0.0 0.0 OWA (AND, MIN)

Table 1. Some properties of the RIM quantifiers for selected values of the a parameter
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Figure 1. Location of study area

3.2.Criteria Evaluation

For all criteria that are seen as map layer, the criterion values
are generated. The causative factors for the land suitability
evaluation are EC, pH, ESP, CaCO; Gypsium, wetness,
texture, slope, depth and topography. The data in this study is
validated by Power Ministry of Khouzestan.

3.3.Assigning Criteria Weights

The purpose of the criterion weighting is to express the
importance of each criterion relative to other criteria. The more
important criterion had the greater weight in the overall
evaluation. Using Eq. (3), the following estimated values for
the criterion weights of EC & ESP, topography, wetness,
texture, PH, CaCO;, Gypsium and depth are 0.222, .028, 0.194,

At least one

half

N

All

At least a few

0.083, 0.111, 0.167, 0.139 and 0.056. Given the standardized
criterion maps and corresponding criterion weights, we apply
the OWA operator using Eq. (4) for selected values of fuzzy
quantifiers: at least one, at least a few, a few, identity, most,
almost all, and all. Each quantifier is associated with a set of
order weights that are calculated according to Eq. (3). Fig. 2
shows the seven alternative land suitability patterns.

4.CONCLUSIONS

The optimal use of reserved land resources for agriculture is a
complex problem that involves subjective assessments with
multiple criteria. This paper has presented a GIS-based
multicriteria land suitability evaluation using Ordered Weight
Averaging with fuzzy quantifier approach for -effectively
solving this problem. An empirical study in Shavour, Iran has
been conducted using the approach presented.

The fuzzy-quantifier-based OWA approach is capable of
capturing qualitative information the decision maker or analyst
may have regarding his/her perceived relationship between the
different evaluation criteria. It is in this effort one can see the
benefit of the fuzzy quantifier approach to GIS-based
multicriteria analysis. This is especially true in situations
involving a large number of criterion maps. In such situations, it
is  impractical or even impossible to specify the exact
relationships between evaluation criteria. The OWA approach
provides a mechanism for guiding the decision maker/analysis
through the multicriteria combination procedures. It allows
him/her to explore different decision strategies or scenarios.
Consequently, the approach facilitates a better understanding of
the alternative land-use suitability patterns

Almost all
Z
o 5 10 20
l Kilometers J

Figure 2. Land suitability maps of OWA results for selected fuzzy linguistic quantifiers in Shavur

510



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol. 38, Part Il

REFERENCES

Antonie, J., Fischer, G. and Makowski, M., 1997.
Multiplecriteria land use analysis. Applied Mathematics
and Computation. Vol.85 pp.195-215.

Asproth, V., Holmberg, S.C., Ha °‘kansson, A., 1999.
Decision Support for spatial planning and management of
human settlements.In: International Institute for Advanced
Studies in Systems Research and Cybernetics. In: Lasker,
G.E. (Ed.), Advances in Support Systems Research, vol. 5.
Windsor, Ont., Canada, pp. 30-39.

Banai, R., 1993. Fuzziness in geographic information
systems: contributions from the analytic hierarchy process.
International J. Geogr. Inform. Syst. 7 (4), 315-329.

Barredo, J.I., 1996. Sistemas de Informacion Geografica y
Evaluacio Multicriterio en la Ordenacion del Territorio.
Ra-Ma, Madrid.

Barredo, J.I., Benavidesz, A., Hervhl, J., van Westen, C.J.,
2000. Comparing heuristic landslide hazard assessment
techniques using GIS in the Tirajana basin, Gran Canaria
Island,Spain. International J. Appl. Earth Observ.
Geoinform. 2 (1), 9-23.

Beedasy, J.,Whyatt, D., 1999.Diverting the tourists:
aspatial decisionsupport system for tourism planning on a
developing island. J. Appl. Earth Observ. Geoinform. 3/4,
163-174.

Bojorquez-Tapia, L.A., Diaz-Mondragon, S., Ezcurra, E.,
2001. GIS-based approach for participatory decision-
making and land suitability assessment. Int. J. Geogr.
Inform. Sci. 15 (2), 129-151.

Collins, M.G., Steiner, F.R., Rushman, M.J., 2001. Land-
use suitability analysis in the United States: historical
development and promising technological achievements.
Environ. Manage. 28 (5), 611-621.

Dai, F.C., Lee, C.F., Zhang, X.H., 2001. GIS-based geo-
environmental evaluation for urban land-use planning: a
case study. Eng. Geol. 61 (4), 257-271.

FAO. 1983. Guidelines: Land evaluation for rainfed
agriculture. Soils Bulletin 52. FAO, Rome, 237 pp.

Geoinformation. 8: 270-277.

Heywood, 1., Oliver, J., Tomlinson, S., 1995. Building an
exploratory multi-criteria modelling environment for
spatial decision support. In: Fisher, P. (Ed.), Innovations in
GIS, vol. 2. Taylor & Francis, London, pp. 127-136.

Hopkins, L., 1977. Methods for generating land suitability
maps: a comparative evaluation. J. Am. Inst. Planners 34
(1), 19-29.

511

Jankowski, P., 1995. Integrating geographical information
systems and multiple criteria decision making methods.
International J. Geogr. Inform. Syst. 9 (3), 251-273.

Jankowski, P., Richard, L., 1994. Integration of GIS-based
suitability analysis and multicriteria evaluation in a spatial
decision support system for route selection. Environ.
Plann. B 21 (3), 326-339.

Jiang, H., Eastman, J.R., 2000. Application of fuzzy
measures in multi-criteria evaluation in GIS. Int. J. Geogr.
Inform. Syst. 14, 173—-184.

Joerin, F., 1995.Me "thode multicrite ‘re d’aide a " la de
“cision et SIG pour la recherche d’un site. Rev. Int. Ge
‘omatique 5 (1), 37-51.

Joerin, F., The 'riault, M., Musy, A., 2001. Using GIS and
outranking multicriteria analysis for land-use suitability
assessment. Int. J. Geogr. Inform. Sci. 15 (2), 153-174.

Lin, H., Wan, Q., Li, X., Chen, J. and Kong, Y., 1997.
GIS-based multicriteria  evaluation for investment
environment. Environment and Planning B: Planning
and Design, v:24, pp:403-414

Makropoulos, C., Butler, D., Maksimovic, C., 2003. A
fuzzy logic spatial decision support system for urban water
management. J. Water Resour. Plann. Manage. 129 (1),
69-77.

Malczewski, J. (2006). Ordered weighted averaging
with fuzzy quantifiers: GIS-based multicriteria evaluation
for land-use suitability analysis. International Journal of
Applied Earth Observation and Geoinformation. 8: 270—
2717.

Malczewski, J., 1996. A GIS-based approach to
multiplecriteria group decision making. International
Journal of Geographical Information Systems 10(8), 955-
971.

Malczewski, J., 1999. GIS and Multicriteria Decision
Analysis. John Wiley & Sons Inc., New York.

Malczewski, J., 2004. GIS-based land-use suitability
analysis: a critical overview. Progr. Plann. 62 (1), 3-65.

Malczewski, J., Chapman, T., Flegel, C., Walters, D.,
Shrubsole, D., Healy, M.A., 2003. GIS-multicriteria
evaluation with ordered weighted averaging (OWA): case
study of developing watershed management strategies.
Environ. Plann. A 35 (10), 1769-1784.

Malczewski, J., Rinner, C., 2005. Exploring multicriteria
decision strategies in GIS with linguistic quantifiers: a case
study of residential quality evaluation. J. Geogr. Syst. 7
(2), 249-268.



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Vol. 38, Part Il

Mohamed, A.B.A.A., Sharifi, M.A., van Keulen, H., 2000.
An integrated agro-economic and agro-ecological
methodology for land use planning and policy analysis. Int.
J. Appl. Earth Observ. Geoinform. 2 (2), 87-103.

quantifiers: GIS-based multicriteria evaluation for
land-use suitability

Sys, C. (1985) Land evaluation, State University of Ghent,
Ghent; The Netherlands

Van Ranst, E., H. Tang, R. Groenemans, and S. Sinthura
hat. 1996. Application of fuzzy logic to land suitability for
rubber production in peninsular Thailand. Geoderma 70:1—
19.

Yager, R.R., 1988. On ordered weighted averaging
aggregation operators in multi-criteria decision making.
IEEE Trans. Syst. Man Cybernet. 18 (1), 183-190.

Yager, R.R., 1996. Quantifier guided aggregation using
OWA operators. Int. J. Intell. Syst. 11, 49-73.

Zadeh, L.A., 1983. A computational approach to fuzzy

quantifiers in natural languages. Comput. Math. Applic. 9,
149-184.

512



	Archives_FirstPage
	TABLE OF CONTENTS

	Session13
	093_Paper


