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a b s t r a c t

Agricultural land suitability evaluation for crop production is a process that requires specialized geo-
environmental information and the expertise of a computer scientist to analyze and interpret the infor-
mation. This paper presents ALSE, an intelligent system for assessing land suitability for different types of
crops in tropical and subtropical regions (e.g. mango, banana, papaya, citrus, and guava) based on geo-
environmental factors that automates the process of evaluation and illustrates the results on an attribute
table. Its main features include support of GIS capabilities on the digital map of an area with the FAO-SYS
framework model with some necessary modifications to suit the local environmental conditions for land
evaluation, and the support of expert knowledge through on spatial tools to derive criteria weights with
their relative importance. A dynamic program for calculation of eigenvalues and eigenvectors of a
weighting matrix is provided. Expertise and knowledge help ensure that ALSE databases represent real-
istic, practicable and functional systems. It is useful for decision makers to determine the quality of land
for agricultural uses and is intended as a decision and planning support. Responsibility for any decisions
based partly or wholly on the output of ALSE rests with the decision maker. ALSE ensures that the results
are interpreted correctly within the relevant context, and contributes by maximizing land-use planning
and decision support.

� 2013 Elsevier B.V. Open access under CC BY-NC-ND license.
1. Introduction

Land evaluation is a process of predicting land performance
over time according to the specific types of use (Zonneveld,
1989; Rossiter, 1996; Lee and Yeh, 2009; Martin and Saha, 2009;
Sonneveld et al., 2010). Agriculture land suitability assessment is
defined as the process of assessment of land performance when
used for alternative kinds of agriculture (He et al., 2011; Mu,
2006; Prakash, 2003). The principle purpose of agriculture land
suitability evaluation is to predict the potential and limitation of
the land for crop production (Pan and Pan, 2012).
Continuous utilization of agriculture land in past decades,
regardless of land suitability has caused much more destruction
than provide the resources (FAO, 1976, 1983, 2007). Hence, proper
evaluation based on agriculture land use planning is essential to
solve this problem. Land evaluation methodologies have shifted
from broad based to specific assessment, with increasing use of
quantification (Elsheik et al., 2010; Nwer, 2006). Significant
amount of literature and research has been dedicated to intelligent
systems for land use and management. Prominent land evaluation
expert systems that have been developed and introduced in recent
years are reviewed to enable comparative analysis. The land eval-
uation computer system (LECS) based upon the FAO framework for
predicting local crop yields has been used to assess the land suit-
ability for a variety of crops (Wood and Dent, 1983). However,
the constraints of this system is simplicity and developed for areas
in Sumatra (Nwer, 2006).

ALES on the other hand is an automated land evaluation system
that allows land evaluators to build expert systems for land evalu-
ation according to the method presented in the Food and Agricul-
ture Organization Framework for land evaluation (Johnson and
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Fig. 1. Platforms structure of ALSE.

Fig. 2. System’s main forms relationship in visual basic.
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Cramb, 1991). This system offers the structure for a wide range of
expert knowledge for a quick assessment, can be linked to socio-
economic evaluation, allow the evaluator’s to build their own ex-
pert system, and has no fixed list for land characteristics or land
use requirements. Limitations of this system is that it cannot dis-
play maps, has no GIS functions and is not very user friendly (Ross-
iter, 1990; Rossiter and Wambeke, 1997).

The Micro-LEIS is an integrated system for land data transfer
and agro-ecological land evaluation (Rosa et al., 1992, 2004,
2009). Currently, MicroLEIS have been integrated with GIS (Hoo-
bler et al., 2003). Hence, this system provides a computer-based
set of tools for an orderly arrangement and practical interpreta-
tion of land resources and agricultural management data. Its ma-
jor components include, land evaluation using the following
spatial units: place (climate), soil (site-soil), land (climate-
site-soil), and field (climate-site-soil-management); data and
knowledge engineering through the use of a variety of geo-refer-
enced databases, computer programs, and boolean, statistical, ex-
pert system and neural network modeling techniques (Rosa et al.,
2004, 2009). The disadvantage of this system is that it does not al-
low the user to build a personal expert system (Nwer, 2006).

The Intelligent System for Land Evaluation (ISLE) is knowledge
based, and models the evaluation of land in accordance with the
FAO-SYS model for land evaluation. The system has as input a dig-
ital map of an area and its geographical database, displays this
map, evaluates the land units selected by the user and finally visu-
alizes the results of the land units in color (Tsoumakas and Vlaha-
vas, 1999). The constraint of this system is that it does not support
a wide range of problems in land evaluation.

Another system is LIMEX, which is an integrated expert system
with multimedia that was developed to assist lime growers and
extension agents in the cultivation of lime for the purpose of
improving their yield (Mahmoud et al., 1997). The scope of the
LIMEX expert system includes assessment, irrigation, fertilization,
and pest control. The expert system was augmented with multime-
dia capabilities by the integration of text, image, sound, video, and
data which allows for a good feedback from users, assists in better
understanding of the system, and allows for more flexibility in the
interactive use of the system.

VEGES is another expert system developed for the diagnosis and
treatment of pests, diseases and nutrient disorders of certain veg-
etable species (Yialouris et al., 1997). This system is simple and is
based on forms of object-attribute-value (OAV) for the representa-
tion of symptoms. This method of representation easily fits into
any rule based ES development tool, and thus is an advantage of
the system.

Land evaluation using an Intelligent Geographical Information
System (LEIGIS) is a software application resulting from research
by Kalogirou (2002). LEIGIS was designed to support rural planners
with the first view of the land suitability for cultivation of certain
crops according to the FAO methodology. The aim of this work was
to produce a physical evaluation of land capabilities and to use this
to provide an economic evaluation of land for different types of
agriculture. The implementation of LEIGIS includes models for



Fig. 3. Main input fields for the different forms developed in the system design.

Fig. 4. Climate alternatives of the input information list for mango.

Table 1
Climate suitability evaluation for the mango in the system.

No. Annual precipitate (mm) Rating of suitability (%) Suitability level

1 >2000 95 S1
2 1000–2000 85 S1
3 500–1000 60 S2
4 250–500 45 S3
5 <250 25 N1
6 0 N2
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general cultivation and for specific crops (wheat, barley, maize,
seed cotton, and sugar beet) (Kalogirou, 2002). This system is lim-
ited to five crops and does not include characteristics such as
climate.

Model computer programs can also be implemented on the
Internet through a web server, so that users can apply the models
directly via a web browser. Jayasinghe and Machida (2008) devel-
oped an interactive web-based GIS online consulting system with
crop-land suitability analysis, which provides information for to-
mato and cabbage cultivation. This system has the benefit of avail-
ability online, but is limited to two types of crop. There is a need for
flexibility in the system with friendly user interface that allows the
user to identify and change the requirements based on local condi-
tions. Also the system should be able to accommodate new crops.

MultiCriteria Evaluation (MCE) this framework consists of a fi-
nite number of alternatives, explicitly known in the beginning of
the solution process. Each alternative is represented by its perfor-
mance in multiple criteria. The problem may be defined as finding
the best alternative for a decision maker (DM), or finding a set of
good alternatives. The integration of MultiCriteria Decision Analy-
sis Approaches (MCDAs) in a Geographical Information System
(GIS) provides a powerful spatial decision support system which
offers the opportunity to efficiently produce these land suitability
maps (Mendas and Delali, 2012). Hence, the current study har-
nesses recent developments in using GIS–MCE as a smart tool in
supporting the decision making process for agriculture land evalu-
ation purposes. The ALSE system was designed with specific
knowledge based on GIS and multi criteria for predicting the
geo-environmental suitability of land for cultivation of major crops
in tropical and subtropical regions. The integration of GIS and the
expert systems in ALSE enable decision making with spatial data.

The FAO (1976) framework for land suitability involves the con-
struction of matching tables or transfer functions, and subsequent
calculations of suitability. However, these processes are liable to
errors. Therefore, there are a great number of benefits to be gained
in automating the FAO procedures (Davidson, 1992; Rossiter,
1990). The automated procedure describes how to carry out an
evaluation exercise, including how to select land uses to evaluate
and prepare evaluation (map) units. It also describes what factors
(land suitabilities) to consider when evaluating certain general
kinds of land uses (e.g. forestry), and how to evaluate these factors
(Rossiter, 1996).

The above method must however be supplemented with an
analytical method, which will infer from the set of land character-
istics that affect a land use to the severity levels of the land suit-
ability. Hence, Sys et al. (1993) presented a variance of the
method of matching tables, which assigns the correct severity level
of the land suitability, given data values for each land characteristic
(Sys et al., 1993; Sys and Riquier, 1980). The advantages of this
method are that it is simple, easy-to-understand, and has a graph-
ical presentation. However, it has the disadvantage in that it can-
not account for interactions between land characteristics.

The FAO-SYS system is a land evaluation model, based on FAO’s
framework, with divisions of suitability classes that indicate degree
of suitability. These classes are: ‘S1’ = suitable, ‘S2’ = moderately



Fig. 5. Soil parameters and suitability assessment for mango.

Fig. 6. Flow chart of soil suitability calculation.

R. Elsheikh et al. / Computers and Electronics in Agriculture 93 (2013) 98–110 101
suitable, ‘S3’ = marginally suitable, ‘N1’ = unsuitable for economic
reasons but otherwise marginally suitable, ‘N2’ = unsuitable for
physical reasons (FAO, 1976, 1983, 2007).
Fig. 7. Topography slopes ranges with the suitability evaluation.
2. ALSE system structure

ALSE is an intelligent system that desegregates the usefulness of
a GIS with an expert system for Agriculture land evaluation. It con-
sists of the following main parts:

1. A Visual Basic program which provides the interface to the
expert system and integrated with GIS objects for judging
the quality of agriculture land in selecting appropriate
types of cultivation, and in planning management schemes.



Fig. 8. Evaluation process and record information in suitability evaluation form.

Fig. 9. The land evaluation model from the basic layers up to the final suitability layer.

Table 2
List of data sets used in the study.

Type of data Description Source

Soil chemical and physical
values

Profile data for each type of soil 1992–2006 Department of Agriculture (DOA) Kuala
Lumpur

Soil map Soil semi detail map, scale 1: 25,000 2006 DOA Kuala Lumpur
Terrain The terrain value extracted from the topographic map for each soil

type
2006 DOA Kuala Lumpur

Landuse map Scale 1: 50,000 2006 DOA Kuala Lumpur
Rainfall precipitation Monthly rainfall from 34 stations during 10 years 1996–2006 Department of Irrigation and Drainage (DID)
Length of dry season map Scale 1: 50,000 2006 DOA Kuala Lumpur
Drainage network Scale 1:25,000 2006 DOA Kula Lumpur
Flood map Scale 1:30,000 2008 DID
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Fig. 10. Location of the study area.
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2. Excel tables, which are used for selection of crop type. Add-
ing new crop record is executed in the Excel program
through the system.

3. The Arcmap Model Builder, which is used to organize and
integrate spatial processes to model the land suitability.
The structure of the system is illustrated in Fig. 1, while
the various parts are described in the following section.

The suitability analysis for geo-environmental factors (Ceballos
and Blanco, 2003; Chuong, 2008, 2007) are calculate in Visual Basic
and integrated within the GIS Model Builder through linking of ta-
bles matching in ID. The input information is presented in different
forms, and each form is assigned to one information type, such as
climate data, soil data or topography data (Fig. 2).

The main panel is a simple platform, representing the six pri-
mary tasks: crop selection, climate, soil, topography, evaluation
and records manager. The user can implement each task by click-
ing on the desired button, and a separate form would appear and
disappear according to user preference during the evaluation
process.

The main panel offers the user an opportunity to explore and
switch between forms from the same platform (Fig. 3).
3. System implementation

Input information is listed in specific alternatives, and all values
of the listed input information are written in a Data Base File (DBF).
For each crop type, there are different values and different ranges
for each criterion, organized based on the suitability of the crop
type, and divided into five suitability levels: S1, S2, S3, N1 and N2.

3.1. Crop selection

Selection of crop type is the first step to proceed with the sys-
tem. The list of the alternative inputs changes depending on the
crop type. The system offers the ability to add a new type of crop
by appending a new record to the crops record. Adding a new crop
record is executed in the Excel program through the system, and
the calculation will be based on the new crop information after
the user has saved the record.

The selection of land qualities and land characteristics are pur-
sued carefully considering the available data, texts, and literature.
Therefore in this study, cultivation history and both local and
worldwide knowledge, were brought together to identify the best
prediction for landuse requirements. Land characteristics and their
threshold values were defined considering the optimum require-
ments of mango (Mangifera indica), banana (Musa acuminata), pa-
paya (Carica papaya), guava (Psidium guajava) and citrus (Citrus
medica). The data and information on the threshold values avail-
able from literature and trials from local studies were used. The
land evaluation process was carried out by matching the land char-
acteristics with crop requirements for each polygon.
3.2. Climate

The developed system considers the climate input as a rule to
the assessment process of land suitability. Climate information in
the system is described by two characteristics: the annual precip-
itation (mm) and the length of the dry season per month. The final
evaluation of the climate suitability to a specific crop will be shown
in an evaluation box at the right side of the form. For a mango crop
within the study area, the climate form will appear as shown in
Fig. 4.

The system stores the selected input information and computes
the suitability level of the annual precipitation (mm) and the
length of the dry season per month. The final evaluation of climate
suitability is calculated based on mango requirement (Ikisan, 2003;
Table 1).
3.3. Soil

Soil suitability in the soil form consists of five main qualities:
nutrient availability, nutrient retention, rooting conditions, soil
workability and oxygen soil drainage class. The suitability



Fig. 11. ALSE tool interface of suitability map for mango cultivation based on: (a) soil parameters, (b) dry season climate, (c) slope parameter, (d) flood risk, and (e) erosion
risk.
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assessment process for mango is presented in Fig. 5. Each quality in
the form has its evaluation results. The final result is the overall
suitability for soil, computed by the maximum limitation method
(Fig. 6). The user can view the result in two ways: (i) current suit-
ability evaluation, or (ii) potential suitability evaluation. Based on
the scope of suitability, there are two types of classifications in
the FAO Framework (1976): Current suitability refers to the suit-
ability for a defined use of land in its present condition, without
any major improvements in it. Potential suitability is for a defined
use, of land units in their condition at some future. In this research
the potential suitability under the assumption of land would be
modified by fertilizer.



Table 3
The result of weighting schemes for soil, slope, climate, flood and erosion scenarios.

Model run S1% S2% S3% N1% N2% Sum Scenario

1 6 56 27 8 3 100 Soil
2 27 14 43 10 6 100
3 12 60 22 4 2 100
4 18 58 16 4 4 100
5 30 48 12 5 5 100
6 55 23 12 5 5 100
7 63 15 12 4 6 100
8 64 14 12 2 8 100
9 64 14 12 2 8 100

10 5 59 29 5 2 100 Slope
11 27 14 43 10 6 100
12 12 67 15 4 2 100
13 19 63 13 3 2 100
14 28 51 15 3 3 100
15 52 31 12 3 2 100
16 55 28 12 3 2 100
17 55 28 12 3 2 100
18 55 28 12 3 2 100
19 9 67 18 4 2 100 Climate
20 27 14 43 10 6 100
21 9 57 29 3 2 100
22 11 51 32 4 2 100
23 16 43 32 5 4 100
24 19 38 29 10 4 100
25 19 37 26 12 6 100
26 20 36 26 12 6 100
27 20 36 26 12 6 100
28 20 60 14 4 2 100 Flood
29 27 14 43 10 6 100
30 3 54 34 7 2 100
31 3 34 51 11 1 100
32 1 26 45 27 1 100
33 1 29 30 39 1 100
34 1 31 13 52 3 100
35 1 33 2 55 9 100
36 0 1 34 56 9 100
37 8 58 28 4 2 100 Erosion
38 27 14 43 10 6 100
39 11 62 19 6 2 100
40 17 58 15 7 3 100
41 32 43 14 8 3 100
42 32 43 13 9 3 100
43 47 28 12 10 3 100
44 47 28 12 10 3 100
45 47 28 12 10 3 100
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3.4. Topography

Potential for mechanization indicates the topography of the
area. The impact of the topography on the land suitability is mea-
sured by slope in degrees. Each crop type has a suitable range of
slopes, and the system classifies different slope ranges into five cat-
egories in terms of crop suitability (Fig. 7).

3.5. Suitability evaluation

The suitability evaluation process begins after the user enters
the crop name and other necessary information on climate, soil
and topography of the land. There are two ways to evaluate the
suitability: potential suitability or current suitability (Fig. 8).

3.6. Record manager

The final result is denoted as a new record in the database. The
user is allowed to write down the primary information about the
field evaluation, such as land index number, user information, re-
cord information, and other basic data. The record manager is
linked to the record database directly, and allows the user to enter,
explore, open, and edit the record. The record database table is the
linkage between the system and the GIS program. Every land par-
cel has a unique code through which GIS software can relate to
with the system outputs.
4. Land suitability model builder

A land suitability model was constructed using GIS capabilities
and modeling functions. The GIS Model Builder was used to orga-
nize and integrate spatial processes to model the land suitability.
The spatial geo-environmental factors (e.g. soil, climate, slope, ero-
sion and flood hazard) were integrated into the GIS environment as
information layers and overlaid to produce overall land suitability
assessment for a particular land utilization type. The suitability
analysis for geo-environmental factors is calculated in visual basic
and integrated within the GIS Model Builder through linking of the
two tables, considering matching in ID. The previously produced
two layers for erosion (Dabral et al., 2008; Fistikoglu and Harman-
cioglu, 2002; Lufafa et al., 2003) and flood (Fernandez and Lutz,
2010; Meyer et al., 2009) are reclassified into five classes to pro-
duce suitability input layers. The system is designed to achieve
the suitability result directly with one click. It operates specific
analysis through ten different steps. Using the output tables from
the Visual Basic program, the system links the suitability results
to the soil and slope shape file of the same area by area index.

One script file is written in Python language to make one impor-
tant step in the analysis (i.e. copy all of the parcels features to one
shape file). The system operates on five layers, which are soil, flood,
dry, erosion and the slope of land. Soil and slope layers are features,
while the others are in raster images. The first step is to assign the
suitability results, obtained by the Visual Basic system, to the soil
and the slope layer using the area index code. ‘‘Join Field’’ is a tool
used to make this step two times; one for the soil layer and another
for the slope layer.

The second step in the system is to convert the joined soil and
slope features to raster image to make all of the layers in raster for-
mat and allow the system to weight the overlaying layers using
weights obtained by Multi Criteria Analysis. A dynamic program
for the calculation of the eigenvalues and eigenvectors of a weight-
ing matrix is provided. Weighted overlay is a technique for apply-
ing a common scale of values to diverse and dissimilar inputs to
create an integrated analysis (Malczewski, 1996, 2004). The result-
ing layer is the suitability raster calculated from the five basic
layers.

The next two steps classify the weighted overlaid raster into
five classes based on suitability values, and then convert the clas-
sified raster into polygon feature layers. Each polygon has a grid
code that equals to a suitability value. The suitability value refers
to one of the five alternatives, 1, 2, 3, 4, and 5, where the value 1
is the most suitable and 5 is the least suitable.

The resulting polygon feature contains many scattered polygons
assigned with suitability values, but without information on the
area code and other land data. This polygon feature is split to the
original land parcels using a split tool. The polygon features at this
step are split to parcels, and the results are represented in shape
files. Each file is one parcel. The parcel shape contains some poly-
gons with different suitability values. To assemble the parcel shape
files into one feature shape, a special Python script copies all of the
parcels features into one shape file.

The final step in the model is to add the parcel information to
each polygon within the parcel boundary. A spatial join tool is used
to append parcels’ information to parcel location in reference to the
soil shape. The Model Builder developed for land suitability evalu-
ation developed for a study area is presented in Fig. 9. The land suit-
ability model is designed to accomplish a couple of spatial analyses,
from the scratch layers up to the final suitability evaluation layer.



Fig. 12. The area of land suitability classes for: (a) soil, (b) slope, (c) climate, (d) flood, and (e) erosion scenario.
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The integration of the information with the Visual Basic evaluation
system is executed automatically through the model.

5. Sensitivity analysis

The general purpose of sensitivity analysis for the suitability cri-
teria is to find out the influence of different criteria weights on the
spatial pattern of the suitability classification. This is useful in
situations where uncertainties exist in the definition of the impor-
tance of different criteria (Chen et al., 2009; Delgado and Sendra,
2004; Store and Kangas, 2001). Sensitivity analysis is used to deter-
mine the level of importance of each criterion and therefore at-
tempts to reduce the subjectivity of weights (Feick and Hall,
2004; Field et al., 2010). S, the suitability classification for major
crops is defined on Rn, where n is the number of dimensional
spaces involved, i.e. it is a function of n variables:



Table 4
Weight for each parameter based on variations of function.

Criteria V Weight

Soil 88 0.275
Slope 80 0.25
Climate 47 0.146
Flood 34 0.106
Erosion 71 0.221
Total 320 1

Fig. 13. Mango suitability classes.

Table 5
Comparison between the current classification and Wong classification.

Soil type Current classification Wong classification

BGR S2 S2
BLN S2, N1 N1
CPA S2 S1
KBG S2, S3, N1 S3
KUH N2 N2
KYG S2 S2
PBG N1 N1
PBR S2, N1, S3 S2
TBK S2 S2
TYG S2 S2
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S ¼ SðC1;C2 ; . . . ; CnÞ ð1Þ

where C1, C2, . . . ,Cn are the criteria (e.g. soil, slope, climate, flood,
erosion, etc.).

The arguments of this function satisfy the condition:

R5¼W1C1þW2C2þW3C3þW4C4þW5C5¼ SðS1;S2;S3;S4;S5Þ ð2Þ

W1 þW2 þW3 þ . . .þWn ¼ 1 ð3Þ
where W is the level of importance (i.e. the influence of the criteria
in the dimensional space). n is number of criteria; The function S
takes values from 0 till 100 [S1: Highly Suitable; S2: Moderately
Suitable; S3: Marginally Suitable; S4: Marginally Not Suitable; S5:
Permanently Not Suitable].

Different scenarios will be applied for each criterion. The aim of
each scenario is to identify criteria that are especially sensitive to
weight changes and visualize the spatial change dynamics. Hence
the level of importance for each criterion can be determined. To
achieve this purpose, different weighting schemes were applied
for the suitability criteria. If the first scenario is to test the sensitivity
of C1 weights on the output W1 would refer to weight of C1, then;

W2 ¼W3 ¼Wn ¼ ð100�W1Þ=n� 1 ð4Þ

In the basic computation, an equal weight was given to the Cn-1
criteria. The [n � (n � 1) � 2] weighting schemes are constructed
and run using the model’s implementation in ArcGIS 9.2�.

6. Variations of function

The influence of each criterion can be visualized in the spatial
pattern for each scenario and the variations of function are used
to test the stability of the result. The study aims to give a clear indi-
cator for the best area for the major crops, and hence consideration
will be given to the highly suitable class (S1 class). The equation
below is used to calculate the variations in function for S1.

Vj ¼
X
jf ðxiþ1Þ � f ðxiÞj ð5Þ

where V is the Variation of function and j is the Number of scenario.
Example for calculate the weight of criteria (e.g. soil); after

determining the variance of each criterion (V1soil = |(27–6)| +
|(12–27)| + |(18–12)| + |(30–18)| + |(55–30)| + |(63–55)| + |(64–63)| +
|(64–64)| = 88; refer to data in Table 2), the weight for each criteria
based on variations of function were determined by divided vari-
ance of each criteria on the total variance.

7. Combining land suitability ratings and determining final
suitability

The overall suitability map was produced based on five layers of
data: soil, slope, climate, flood and erosion. The weighted overlay
process was used, and the weights generated from sensitivity anal-
ysis and variation of function, were applied to different thematic
layers.

8. Application test

System implementation is an essential step to ensure that the
system properly implements the required specifications. The appli-
cation of the ALSE tool is illustrated using spatial data from a study
in which multi-criteria land suitability assessment on a 12,995 km2

scale was performed to identify the suitability of the agricultural
land in Terengganu, West Malaysia (03�5503700–05�5100600N,
102�2101100–103�3102800E; Fig. 10). Agriculture remains one of the
important activities with mango, banana, papaya, citrus, and guava
as the main crops in production.

Selection of evaluation criteria for mango was based on the pro-
ject objective, spatial scale, and in particular data availability. Five
criteria and 30 alternatives were chosen including soil (nutrient
availability, nutrient retention, rooting conditions, soil workability,
oxygen soil drainage classes), climate, slope, erosion and flood haz-
ard. List of data sets used in the study is given in Table 2. The re-
sults obtained from the ALSE tool developed for mango as a
commercial species in the selected study area are presented in
Fig. 11.
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Fig. 11a shows the results of the endpoint assessment of land
suitability for mango based on importance of land conditions and
considering the quality of soil characteristics including pH, H2O,
depth to sulfuric horizon, CEC, base saturation, gravel and stones,
effective soil depth, texture and structure and soil drainage class.
The suitability classes in the map for each land characteristic were
produced based on crop requirements. The overall physical suit-
ability of land was taken from the most limiting land quality (LQ
rated as the worst). The new suitability value was assigned to each
soil type. Ranking method was used (Malczewski, 2004) to classify
the soil in raster format. Fig. 11b illustrates the results of the suit-
ability evaluation of mango based on the climatic parameter of dry
season months. The result indicates that all of the covered areas
within the metrological station points are considered highly suit-
able for mango based on crop requirement of annual precipitation.
Therefore, dry season is deemed as the critical parameter in the
current evaluation. The results of topographic parameter on mango
cultivation are presented in Fig. 11c. It was clear that the most suit-
able area lies in the east of Terengganu State, and the suitability
decreases towards the southeast direction.

Fig. 11d shows the flood risk map created based on GIS and
multi criteria method. The suitable locations for mango cultivation,
considering the flood parameter, are those locations of low poten-
tial flood risk. The criterion maps were combined by logical opera-
tions and criterion values were generated based on ranking
method for each evaluation unit. Using pairwise compression the
normalized criterion weights were calculated as 0.387, 0.198,
0.14, and 0.275, for annual rainfall, basin slope, soil type and drain-
age network of the river basin, respectively. The significant find-
ings showed a Consistency Ratio (CR) value of 0.05, which fell
much below the threshold value of 0.1, indicating a high level of
consistency. Hence, the weights are acceptable (Jankowski, 1995;
Marinoni, 2004; Saaty, 2008).

Fig. 11e shows the erosion risk map for mango cultivation in the
study area calculated using the Universal Soil Loss Equation (USLE)
in GIS to determine the average annual soil loss (Dabral et al.,
2008; Fistikoglu and Harmancioglu, 2002). The suitable locations
for mango cultivation, considering the erosion parameter, are those
locations that exhibit low potential erosion risk. From the map, it
was clear that the risky erosion locations are distributed in the
southwestern areas where the slope was very steep.

For the purpose of sensitivity analysis, suitability maps for
every weighting scheme were created in GIS. The outputs (suitabil-
ity maps) were compared to assess the influence of each criterion
on the overall suitability for mango. Table 3 illustrates the visual
assessment of the suitability classes and the percentage area calcu-
lation of suitability classes that were conducted to interpret the
output of the sensitivity analysis. From the tables, and by compar-
ing the percentage area of the high suitability class (S1) for the dif-
ferent weighting schemes, the sensitivity of the suitability criteria
was assessed. Fig. 12 shows the area of land suitability classes for
the different scenarios.

Increasing the soil weighting had a dramatic effect on the suit-
ability pattern in the study area (Table 3 and Fig. 12a). When the
soil weighting was increased from 30% to 80%, the area of high suit-
ability (S1) classes increased. The overall suitability classification
was changed by the variation in soil weightings. The implication
of these findings is that soil factors have to be given suitable
weighting to reflect its importance on the suitability of mango in
the study area.

Changing the weighting schemes for the slope resulted in
change to the suitability outputs (Table 2 and Fig. 12b). Increasing
the slope weighting had a dramatic effect on the suitability pattern
in the study area. The overall suitability classification was changed
by the variation in slope weighting. The change in the suitability
pattern indicated sensitivity to the slope in the study area. The
sensitivity analysis for climate also revealed that changing the
weighting scheme changed the suitability pattern (Table 3 and
Fig. 12c). However, the change was not as dramatic as in the cases
of soil and slope.

The high suitability class (S1) increased from 9% to 27% when
the climate weighting was increased from 10% to 20%, respectively.
The sensitivity analysis for the flood revealed that there was only a
slight change in the highly suitable class when the flood weighting
was varied (Table 2 and Fig. 12d). For the erosion criterion, the re-
sults indicated that there were minor changes in the highly suit-
able class, but was less than the changes in the soil and slope
criteria (Table 3 and Fig. 12e).

The calculations of weights for each parameter based on the re-
sults of variations of function are summarized in Table 4. The out-
puts of sensitivity analysis for mango indicated how the suitability
patterns changed with variations in the weighting scheme (Ta-
ble 4). For soil and slope criteria, there were significant changes
in the highly suitable class when the weightings were changed.
For erosion criterion, the results indicated that there were minor
changes in the highly suitable class, which was less than the
changes in the soil and slope criteria. The sensitivity analysis for
the flood and climate revealed that there was only a slight change
in the highly suitable class when their weightings were varied.

The overall suitability map for mango was produced based on
five layers of data: soil, slope, climate, flood and erosion (Fig. 13).
The weighted overlay process was used, and the weights generated
from sensitivity analysis and variation of function was applied to
the different layers. The results of the analysis indicated that 31%
of the study area was identified as most suitable for mango (Class
1), 55% of the area as moderately suitable area (Class 2), 9% percent
as marginally suitable (Class 3) and the remaining portion (5%) was
not suitable for mango (Class 4 and Class 5).
9. Validation and verification

A sample area within the study area was selected for model val-
idation and verification. The implantation of the system indicates
the suitability and limitation factors for each polygon. It is noted
that validation and accuracy of physical land evaluation that use
a qualitative method is not possible (FAO, 1976; Rossiter, 1996).
One of the methods that could be used for validation is to investi-
gate if the selected crops were already produced in the region and
then a subjective comparison could be made. If the condition exists
in a region, it reflects the results in a logical and acceptable man-
ner, and then the findings become more viable. Local experts’ judg-
ments and knowledge were consulted in the current study to
validate the results of the model. There were 30 respondents in to-
tal with 20 managers and 10 officials from other fields. The model
outputs for the selected crops were viewed by the local experts.
The experts’ opinions (DOA officials), which were based on experi-
ence in the local context, revealed that the results of the model are
in agreement with what is expected of the land in the study area.
The officials were satisfied with the results and they keyed in the
data into the system successfully. Appendix (F) is a collection of
some photographs taken during the validation was held. The clas-
sification system used by the DOA in the Ministry of Agriculture is
known as the Wong classification. For further validation, Table 5
was constructed to compare between the results of the sample
area based on 10 soil series type with Wong (soil–crop suitability
classification for Peninsular Malaysia). From the table, it was no-
ticed that the results were in agreement with Wong classification
in term of soil suitability. The disagreement appeared when the
whole factors were considered, including environmental factors.
In the current classification produced by this study the same series
can occur at different locations, and each location has different
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characteristics in terms of slope, climate and other environmental
factors; which makes the results appear as S2 in one location and
S3 in other location of the same soil series. This makes the current
classification generally accepted since it evaluates the land by con-
sidering physical and environmental factors. Currently, the Minis-
try of Agriculture has started to implement this classification
system in other states, and extensive training on using the system
was provided during 2009–2010 to use the new classification.
10. Conclusions

The integrative aspect of ALSE was very important. It demon-
strates the enormous capabilities that the end user has when more
than one technology is interconnected in GIS. Thus, ALSE is a pow-
erful system, as it provided many useful features in a single system
with multidimensional fields for use in land evaluation. In general,
the goal was to reach some conclusions on the quality of land, se-
lect an appropriate cultivation technique, decide on crop rotation,
and plan for the management of the land. The ALSE system is based
on knowledge of land use and management expertise, and uses
intelligent techniques to simulate new knowledge.

The objectives and goals of this study were achieved with the
aid of computer modeling, GIS, and Multi Criteria Analysis. The
work highlights the need to understand land capacity to support
appropriate crop cultivation. It provides optimum suitability clas-
sification considering a wide range of multi-disciplinary alterna-
tives. It also identifies land limitations and offers alternative land
management measures. The development of ALSE allows for stan-
dardizing a framework for characterizing geo-environmental con-
ditions (e.g. climate, soil, erosion, flood and topographic) relevant
for production of major crops (e.g. mango, banana, papaya, citrus,
and guava). The ALSE identifies crop-specific conditions and sys-
tematically computes the spatial and temporal data with maxi-
mum potential. It would help land planners to make complex
decisions within a short period taking into account sustainability.
The integration of GIS and Multi Criteria enables the management
of the criterion data, production of criterion layers, and calculation
of attributes by means of spatial analysis, combining of decision
criteria by modeling, and conducting sensitivity analyses and pro-
duction of maps needed for land evaluation. Sensitivity analysis
and variation of functions provided further confidence in the ALSE,
and indicated priority areas for refinement. An important feature of
ALSE is the capability of the system to be upgraded for each crop
under all weather condition.
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