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ABSTRACT 
 
In planning the use of land resources, land evaluation is mostly carried out in assessing the 
suitability of land for alternative uses. However, land evaluation has been traditionally 
undertaken by planning authorities at Central Government or regional levels, and enforced 
through regulatory mechanisms. This top-down planning approach commonly results in poor 
adoption by the community concerned. A case in point is the Land Resources Development 
Plan (LRDP) of the Integrated Mission for Sustainable Development (IMSD), India. Using GIS 
technology, resource themes were integrated and analyzed to arrive at resource management 
plans. Prepared for 175 districts across all the states of the country, it was found that the 
LRDPs have generally low acceptance rates brought about by the disagreements or conflicts 
of interests with the land uses as desired by the primary stake holders – the farmers  – based 
on the knowledge of their land.  
 
In this research, Farmers’ Knowledge (FK) in Nizamabad District, Andhra Pradesh State, 
India, are incorporated and embedded as layers or objects in a GIS such that explicit 
integration of knowledge and involvement is in the system. FK are almost always ‘linguistic 
variables’ which are naturally ambiguous, vague, imprecise and therefore fuzzy. The Fuzzy 
Set Theory and Fuzzy Logic were applied to model FK in terms of crop suitability based on FK 
of the season, soil color, soil texture, soil depth and topographic slope. The bases for the 
multi-class FK fuzzy sets and binary FK fuzzy sets, which were derived through the S-
membership function, are the comparisons of farmers’ fuzzy definitions with scientists’ 
definitions of soil suitability for different agricultural and non-agricultural activities. Multi-class 
FK fuzzy thematic factor maps and binary FK fuzzy thematic factor maps were derived, using 
GIS – RDBMS functionalities, from the multi-class FK fuzzy sets and binary FK fuzzy sets. 
The integration of multi-class FK fuzzy thematic factor maps and binary FK fuzzy thematic 
factor maps based on the ‘heuristics’ that farmers apply, yielded FK crop-suitability maps.  
 
The FK crop-suitability maps were compared and contrasted with the LRDP to highlight areas 
with ‘degrees of agreement’ and  ‘degrees of disagreement’ or ‘conflicting interests’. The 
comparison revealed that while both the farmers and LRDP define the same areas as 
‘Agriculture’, the ‘degrees of agreement’ vary as brought about by the influence of the season 
on farmers’ decisions. Moreover, the comparison further revealed that the high ‘degrees of 
disagreement’ or ‘conflicting interests’ for areas that are prescribed as ‘Non-Agriculture’ in the 
LRDP (e.g., Afforestation, Social Forestry and Pasture Development) indicate that the farmers 
would still utilize these same areas for agriculture. The areas with high ‘degrees of 
disagreements’ or ‘conflicting interests’ point out where government interventions should be 
focused to ensure sustainable use of resources. 
  
 
Keywords: Land Use Planning, Farmers’ Knowledge, Linguistic Rules, GIS, Fuzzy Sets, 

Fuzzy Logic, Degrees of Agreement, Degrees of Conflicting Interests  
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1 INTRODUCTION 

1.1 General Introduction  
A pressing global concern faced today is declining land resources, which are being 
threatened by rapid human population growth. Expanding human requirements and economic 
activities impose increasing pressures on land resources, thereby creating conflicts that may 
result in their sub-optimal use. There is an increasing need to match the land resources and 
their uses to increase production with minimal adverse impact on the environment, 
biodiversity, and global climate systems. It is essential to have knowledge of potentials and 
limitations of present land uses as a prerequisite for policy development, monitoring, modeling 
– predicting environmental change, and planning at all levels (national, district and local).  

1.2 Land Use Planning 
Land Use Planning (LUP) is the systematic assessment of land and water potential, 
alternatives for land use, and economic and social conditions in order to select and adopt the 
best land use options. Its purpose is to select and put into practice those land uses that will 
best meet the needs of the people while safeguarding resources for the future (FAO, 1993). It 
is a tool that supports decision-making, policy formulation, and laying strategies to reduce the 
current problems of land use.  
 
In a more technical sense, the interactive factors considered in LUP are: (a) the amount of 
land available and its tenure; (b) the quality, potential productivity and suitability of the land; 
(c) the level of technology used to exploit the land resources; (d) the population density; and 
(e) the needs and standards of living of the people. Land use planners or agricultural 
development experts identify improved and sustainable land uses, which optimize the 
objectives of individual land users or farmers, as well as those of the community. However, 
most land use decisions are made by millions of individual land users and there is a basic 
dichotomy of interest between the objectives of the actual land user and those of the 
community to which he or she belongs. The community - be it local, district, state or national - 
will frequently try to influence the way land is used, either by extension programmes, 
subsidies or laws. Land use planning must therefore be exercised with care.  
 
Careful planning of the use of land resources is based on land evaluation, which is the 
process of assessing the suitability of land for alternative land uses (Fresco, Huizing, Keulen, 
Luning, & Schipper, 1994). Information on land resources is a key to their careful and 
effective management. Land use planning requires timely and accurate information on the 
different aspects of land including the different land use systems, their suitability, 
sustainability, potential, and the consequences of implementing each one of them depending 
on the level/scale of planning. Interaction, information flow and data sharing between the 
planning levels enable better decision-making. Developments in information systems that can 
provide timely, up-to-date, and accurate information for informed decision-making and 
comprehensive development planning have attracted increased attention of land use planners 
in recent years.  
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1.2.1 Land Use Planning and Geographic Information Systems 
Many research studies on land use are focused on land resource information systems. 
Geographic Information Systems (GIS) and Remote Sensing (RS) techniques have become 
very useful tools in this respect. The institutionalization of GIS in LUP has been increasing 
over the past decades (FAO, 1997). The functionalities of GIS in LUP through its storing, 
analyzing, compiling and visualization capabilities have provided land use planners a new 
dimension in planning. 
 
A GIS can offer a number of valuable facilities to land-use planners. Firstly, disaggregated 
data can be stored and retrieved by location. For example, data on crop yields may have been 
collected in order to calculate a financial measure of performance like the gross margin. 
These data can be stored and subsequently retrieved and used again for other purposes. 
Secondly, point data can be stored as such, rather than being lost by incorporation into 
mapping units. Thus, in a soil survey, data such as soil depth and texture gathered for 
individual locations in the field can be stored and retrieved for use in land evaluation (FAO, 
1993). Thirdly, complex and manually tedious calculations using any combination of stored 
data can be minimized such that tables and maps of interpreted information can be produced 
very quickly. Lastly and more importantly, data can be updated or corrected and methods of 
calculation can be revised by modifying the computer program so that new maps and tables 
can be produced rapidly. GIS allows the storage and integration of data from different sources 
within a single system and therefore offers a consistent framework for analysis (Bocco & 
Toledo, 1997). 

1.2.2 Land Use Planning and Farmers´ Knowledge 
While traditional scientific way to carry out investigations about land use involve splitting an 
area based on certain properties or themes and amalgamating them again to derive a land 
use suitability order, local users´ perceptions or knowledge about land quality are often 
combined simultaneously with technical knowledge (Messing & Fagerstrom, 2001). 

1.2.2.1 Defining Farmers’ Knowledge 

There are various definitions of Indigenous Knowledge (IK) or Farmers’ Knowledge (FK). 
One definition of IK is "the unique, traditional, local knowledge existing within and developed 
around the specific conditions of women and men indigenous to a particular geographic area" 
(Grenier, 1998).  
 
Indigenous knowledge comprises several aspects. Communities have their own indigenous 
methods of imparting knowledge, just as they have indigenous ways of deriving a livelihood 
from the environment. Information, insight and techniques that are passed down and 
improved from one generation to the next cover such topics as medicine, animal breeding and 
production, water management, soil conservation, and pest management.  
 
Warren (1992) defines local knowledge as “knowledge that is unique to a given culture or 
society”. Tick (1993), on the other hand, stated that IK is used synonymously with ‘traditional’ 
and ‘local’ knowledge to differentiate the knowledge developed by a given community from 
the international knowledge systems or ‘Western’ knowledge systems generated through 
universities, government research centers and private industry. According to Berkes (1993) 
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"Traditional Ecological Knowledge (TEK)” can be defined as a “cumulative body of 
knowledge and beliefs, handed down through generations by cultural transmission, about the 
relationship of living beings with one another and with their environment.” Further, TEK is “an 
attribute of societies with historical continuity in resource use practices; by and large, these 
are non-industrial or less technologically advanced societies, many of them indigenous or 
tribal."  
 
There is general agreement that the concepts “indigenous knowledge” (IK), “traditional 
knowledge”, “local knowledge”, “community knowledge” and “rural peoples' knowledge” and 
indigenous technical knowledge (ITK) are all terms for knowledge belonging to grassroots 
people. While certain distinctions can be made, these terms often refer to the same thing 
(Mathias, 1994; Reijntjes, Haverkort, & Waters-Bayer, 1992; Roach, 1994; Warren, 1992). An 
IK therefore contrasts with the international knowledge system generated by universities, 
research institutions and private firms. It is the basis for “local-level decision making in 
agriculture, health care, food preparation, education, natural-resource management, and a 
host of other activities in rural communities".  
 
For this reason, this study uses the term “Farmers' Knowledge” (FK) to refer to a specific 
type of IK.  This would refer to the knowledge of farmers about land use, soil suitability and 
other aspects relevant to the area of interest, which may be traditional, modern, or a mix of 
traditional and modern knowledge.  

1.2.2.2 Importance of Farmers’ Knowledge in Land Use Planning  
The local peoples´ understanding of the specific environments in which they must earn a 
living (including its physical, biological and socio-economic aspects, and the way these are 
interrelated) is often more appropriate than those of well-trained scientists who lack local 
experience (Lawas, 1997). Local people, including farmers, landless laborers, women, rural 
artisans and cattle raisers are the custodians of Indigenous Knowledge Systems (IKSs). In 
India for example, the indigenous knowledge of the local people plays a pivotal role in 
planning. An IKS may appear simple to outsiders but IKS represent mechanisms to ensure 
minimal livelihoods for the rural resource-poor people. However, farmers' needs, priorities and 
innovations are not always considered while developing and disseminating technologies 
(Rajasekaran & Martin, 1990). Understanding IK and the limitations of the resource users’ 
knowledge allows a framework of reference for posing technical and scientific questions in 
research. It also provides the basis for evolving technological options that are not imposed as 
alien 'packages' which contradict existing practices (Scoones, 1989). Identifying, documenting 
and incorporating IKS or FK into the planning process are essential in achieving sustainable 
agricultural development.  

1.2.2.3 Farmers’ Knowledge of Soils and Geographic Information Systems 
Man’s exploitation of the soil for food production can be traced back to many thousand years 
ago. Soil is one of the most important natural resource and it forms the foundation of 
agricultural systems and vegetation communities, which in turn affect human and wildlife 
population. Some countries may have comprehensive soil resource inventories; however, 
such inventories do not integrate the basic element – the users’ knowledge. Farmers’ 
knowledge systems can help soil scientists identify agricultural interventions and at the same 
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time address the plight of these farmers to improve soil productivity. Field studies in southern 
Rwanda, for example, revealed that farmers have a profound knowledge of their soils and 
classify soils for their own needs. The classification is based on identification of different soil 
types according to their agricultural potential and tillage properties. Moreover, farmers’ soil 
classes correspond to soil suitability classes, and may therefore be useful for land evaluation 
systems (Habarurema & Steiner, 1997). 
 
In the conduct of soil surveys for land evaluation, large quantities of data are generated from 
different sources (e.g., remotely-sensed data, field surveys, laboratory analysis, etc). 
Efficiency in storing, processing and retrieving these data and displaying the derived 
information are considerably increased through computer-assisted procedures operating on 
appropriately structured databases (Gonzalez, 1994; Zinck & Valenzuela, 1991). 
Incorporating local knowledge of soils in such survey adds more end-user information and 
therefore could provide planners a better description of the resource base. 
 
The use of GIS in this study is aimed at integrating farmers’ knowledge of soils and its 
suitability for crops. This can be an aid to land use planning so as to provide agricultural 
development and land use planners with an empirical database for developing awareness and 
appreciation of the importance of FK. Gonzalez (1994), however acknowledges the fact that 
land use classifications based on farmers’ responses are,  to a degree, ambiguous and 
vague. This study will therefore embrace concepts that accommodate representation of vague 
or fuzzy information. 

1.3 Problem Statement 
The process of LUP and its implementation, which is land use management, hinges on three 
elements: (1) the stakeholders, (2) the quality or limitations of each component of the land 
unit and (3) the viable land use options in the area (FAO, 1995). Bronsveld et al., (1994) 
suggested some methods and tools to improve land evaluation and land use planning, which 
include among others, involvement of land users in the planning process, use of more flexible 
data processing methods, and better procedures for selecting and describing land use types. 
As such, people's needs drive the planning process. Local farmers, other land users and the 
wider community who depend on the land must accept the need for a change in land use, as 
they will have to live with its results. Corollary to this, LUP must be positive, by looking into 
people's needs and the local knowledge, skills, labor and capital that they can contribute, 
even as local acceptability is most readily achieved by ensuring local participation in planning. 
It must be noted however, that while the support of local leaders is essential, the participation 
of agencies that have the resources to implement the plan is also equally important.  
 
Two of the influential paradigms that have emerged in the evolution of approaches to 
resource use planning and management are sustainable use of resources and participative 
democracy. Citing the experience of World Bank, FAO (1997) observes that decision-making 
has been traditionally vested in regulatory authorities. Due to technical and technological 
requirements, land evaluation has been carried out by planning authorities at Central 
Government or regional levels, and enforced through regulatory mechanisms. This top-
down approach commonly results in poor adoption of directives by the community 
concerned, because plans generated at these levels are usually not in agreement with 
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what the local people desire. A case in point is the approach used by the Integrated Mission 
for Sustainable Development (IMSD) in India.   

1.3.1 IMSD Approach 
The Integrated Mission for Sustainable Development (IMSD) was institutionalized jointly by 
the Department of Space with the cooperation of the Ministry of Rural Development, 
Government of India, in 1992. The objective of the IMSD is to generate plans (at 1:50,000 
scale) for land and water resources development for use by district level resources managers. 
Plans were prepared for 175 districts spread across all the states of the country; they cover 
nearly 83 million hectares (25% of the geographic area of the country). Spatial databases on 
natural resource themes have been generated using satellite remote sensing data and 
conventional methods (Integrated Survey Group, 1995). Using GIS technology, the resources 
themes were integrated and analyzed to arrive at management plans for land and water 
resources development (alternate land use, based on resource potential, groundwater 
exploration and recharge, surface water harvesting and soil conservation).  
 
Termed as the Land Resources Development Plan (LRDP), the IMSD generated plans were 
found to have generally low acceptance rates. Notwithstanding other reasons, one of the 
primary reasons for the poor to limited acceptability of the many land-use plans is the poor 
professional ability to analyze the complete array of circumstances and to diagnose the best 
point of intervention.  Other possible reasons are that the proposed alternative land use 
options did not sufficiently address or solve problems faced by the local population and that 
they did not coincide or ‘agree’ with the land uses as desired by primary stakeholders – 
the farmers – based on the knowledge of their land (Harmsen & Nidumolu, 2002). 

1.4 The Present Research  
In recent years, significant changes have occurred to involve the community in the decision-
making process. This concern is often more multifaceted when land use planning is applied at 
the local levels, wherein data availability and integrity, structured processes and 
organizational limitations need to be considered. At this level, the evaluation of land resources 
and other land use studies involve a complex and laborious process for which an appropriate 
land use can be allocated (Zurayk et al., 2001). 

1.4.1 Motivation of the Research 
While traditional land use planning is more concentrated on how ‘experts’ evaluate the land 
and consequently its suitability and the generation of land use plans, local resources users 
are seldom consulted. If and when they are consulted, these are mostly on getting their 
opinion on the current land uses but without really integrating their concerns. It is important to 
note that any technology, which requires data to be taken away for analysis rather than 
encouraging people to undertake their own investigations and analysis, limits participation to 
some extent (Jordan, 1999). The task therefore is not to capture and replicate all the local 
information, but to organize and present pertinent information that was not previously 
available using the technological capability of GIS. 
 
The advantages of using geographic information systems (GIS) and knowledge-based 
systems (KBS) to document indigenous knowledge have been described by Tabor and 
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Hutchinson (1994) and Gonzalez (1994). Applications at the local level have been 
documented by Lawas and Luning (1996). By employing GIS tools, the local and cultural 
dimensions were imprinted in the applications. Furthermore, such tools complement the local 
knowledge systems traditionally used to store and transfer knowledge and information, 
whereby an important role is reserved for the relationship with individuals, places, cultural 
activities, experience and the spoken word.  
 
There have been researches on Crisp (or Boolean) approaches in integrating IK or FK in a 
GIS for evaluating the quality of physical environments (Gonzalez, 1994; Hecht, 1990; Tabor 
& Hutchinson, 1994) (Bocco & Toledo, 1997; Brodnig & Mayer-Schoenberger, 1999; Cools, 
De Pauw, & Deckers, 2002; Zurayk et al., 2001). However, it has been argued that Boolean 
approaches do not really reflect the complexity and heterogeneity of a natural phenomena, 
especially soils (Burrough, 1989a; Burrough, MacMillan, & van Deursen, 1992), and ‘linguistic 
variables’ or ‘fuzzy labels’ describing these phenomena (e.g., low, medium, high) (Sasikala, 
Petrou, & Kittler, 1998). There are studies on integrating experts’ (scientists) knowledge in a 
GIS by means of the Theory of Fuzzy Sets Approach (Komac & Sajn, 2001; Oh & Jeong, 
2001; Zhu, Hudson, Burt, Lubich, & Simonson, 2001). Only a few however, have captured FK 
utilizing the Theory of Fuzzy Sets in a GIS. Hence, this research purports on capturing FK 
through Fuzzy Set Theory and Fuzzy Logic and comparing FK with Expert Knowledge of the 
LRDP in a GIS, to aid in land use planning. 
 
Based on the foregoing discussion, this study will focus on the importance of integrating 
farmers’ knowledge in land use planning. However, to do so, one must first capture this 
knowledge, translate this knowledge (as a knowledge base), represent this knowledge base in 
a database and integrate the same in a spatial context by means of a GIS so that it could be 
compared and evaluated with the LRDP. The case applied here is limited to the six Mandals 
of the study area (Section 2.5), given that it is discernible at this level to illustrate the 
interrelationships and value of farmers’ knowledge. At a higher context (i.e., national and 
regional level) such application may not warrant, as values, traditions and cultures vary from 
regions to regions and to a certain extent, generalization will have to be done. 

1.4.2 Research Objectives 
The general objective of this research is to develop a prototype spatial database that 
incorporates farmers’ knowledge of soils in a GIS in order to assist in defining crop suitability 
classification, and thus, aid in land use planning. With this pre-condition, the research set the 
following objectives: 
 

�� To determine the importance of Farmers’ Knowledge in the Study Area; 

�� To determine the farmers’ criteria in classifying their soils and to systematize storage 

and retrieval of such knowledge; 

�� To develop a system to integrate FK in a GIS to aid land use planning 

�� To implement the system in a test case and generate reports. 
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1.4.3 Research Questions  
The non-involvement of primary stakeholders during scenario-development and plan 
implementation in top-down planning is known to cause poor plan implementation rates. 
Primary beneficiaries are de-motivated to accept and implement plans if their knowledge and 
aspirations are not integrated into the mechanisms of plan preparation and plan negotiation. 
 
Based on the foregoing, the research questions are: 
 

1) How can FK be represented in a GIS?  

2) How can FK be incorporated and integrated in a GIS to improve land suitability 

classification? and 

3) How does FK-based land suitability classification(s) contrast with the LRDP? 

1.5 Structure of the Thesis 
The thesis is essentially divided into 6 chapters. The following are the contents of each 
chapter: 
 
Chapter 1  Introduction 

This chapter contains the general introduction, which discusses land 
use planning, land use planning and GIS, land use planning and 
farmers´ knowledge, the problem, the present research which includes 
presenting the IMSD approach, motivation of the research, the research 
objectives and research questions, and the structure of the thesis. 
 

Chapter 2  Research Approach and Study Area 
This chapter discusses the research approach where the conceptual 
framework and research methodology are illustrated in flowcharts, the 
data sources as well as the scope and limitation of the research. This 
chapter also presents the study area. 
 

Chapter 3 Information Analysis 
This chapter discusses first, the concepts of knowledge acquisition 
processes thru data flow diagrams, process modeling, defining the 
knowledge base and representing the same thru rules. This section 
also shows the information derived from fieldwork as well the synthesis 
of this information thru tables. Moreover, it elucidates the theory of 
fuzzy sets and fuzzy logic and it discusses the process of creating the 
farmers’ knowledge base by means of the concepts of the fuzzy 
membership function, fuzzy membership grades and fuzzy operators. 
 

Chapter 4  Systems Design 
This chapter introduces the concept of translating farmers’ knowledge 
base into a database, the concept of data modeling and modeling 
farmers’ knowledge in a GIS. It illustrates the fuzzy relational data 
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model as well as the conceptual and physical model of the FK 
database.  
 

Chapter 5  Integration of FK in a GIS 
This chapter essentially shows the integration of the FK thematic factor 
maps based on FK rules in terms of its translation to logical rules. This 
chapter will also discuss aspects of validation of the derived maps. 
Furthermore, the maps generated from the farmers’ knowledge model 
will be compared with the IMSD Land Resources Development Plan 
(LRDP) and areas of interests and conflicts will be highlighted. 
 

Chapter 6  Conclusions and Recommendations 
This chapter contains the conclusions drawn from the previous chapters 
and recommendations derived thereat.  

1.6 Concluding Remarks 
The success of any land use planning exercise depends, among others, on the involvement of 
all stakeholders who shall benefit from the planning exercise. Different stakeholders have 
different perspectives and interests in the outcome of the plan. As a farmer is a stakeholder 
and at the same time a direct beneficiary, his perspective must also be taken into 
consideration. His perspective may be the activities, problems and opportunities leading to his 
objectives on how his land must be utilized. The perspective that a farmer has on his land is 
based on his knowledge of the land.  
 
The foregoing forms the background and rationale for the conduct of this research. The 
research is primarily hinged on the research objectives and research questions. The structure 
of the thesis outlines the framework how this research is carried-out. The farmers’ knowledge 
that needs to be captured and represented is elaborated in the methodology and research 
framework as discussed in the succeeding chapter.  
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2 RESEARCH APPROACH and STUDY AREA 

2.1 Introduction 
A very important concept that serves as a backbone for this paper is the notion of 
participatory planning. Recent years have seen growing criticism on conventional LUP, which 
rural development strategies followed since the 1960s. These conventional strategies for LUP 
have seen development primarily as a series of technical transfers aimed at boosting 
production and generating wealth. In practice, conventional plans, programmes and projects 
usually target medium to large-scale "progressive" producers and supporting them with 
technology, credit and extension advice in the hope that improvements will gradually extend to 
more "backward" strata of rural society. In many cases, however, the channeling of 
development assistance to the better-off has led to concentration of land and capital resulting 
in marginalization of small farmers causing alarming growth in the number of landless 
laborers (FAO, 1997). 
 
In the 1980s, a paradigm shift took place towards more participatory approaches within rural 
development, and it is increasingly being recognized that the inclusion of local knowledge in 
rapid appraisal methodologies provides a basis for the incorporation of local needs (Warren, 
1992). In a participatory rural appraisal (PRA), local knowledge is used as a basis for 
decision-making; operating through local organizations, it generates local experimentation 
and innovation. Along this line, local participation techniques can facilitate the use of local 
knowledge as an integral part of a land-use decision process. The collection of information for 
community-based decisions on land use should be considered inasmuch as it permits the 
integration of local knowledge and, economic and environmental impacts (Szymanski, 
Whitewing, & Colletti, 1998). 
 
The concept espoused in this paper hinges on the belief that local knowledge is actually 
incorporated and embedded as layers or objects in the GIS such that explicit integration of a 
community’s knowledge and involvement is in the system, rather than a system that is 
quintessentially ‘external’ to a community. 

2.2 Research Approach  

2.2.1 The Conceptual Framework 

Figure 2-1 illustrates the conceptual framework of the research. The interaction of information 
supply and demand with the spatial/thematic data and FK are the central forces that 
determine the farmers’ acceptance of the generated plans. Essentially, stakeholders’ data are 
processed in the local participation process, which are classified into activities, problems and 
opportunities leading to objectives. These then comprise local interests and are inputted in the 
knowledge acquisition process and then outputted as local knowledge. The local knowledge 
derived thereat is translated into a knowledge base. The Knowledge Base (KB) shall operate 
as a rule-based system, either as a quantitative rule (e.g., IF slope is 3% THEN suitability is 
class 1) or qualitative rules (e.g., IF slope is slight THEN suitability is good). IK or FK are 
normally based on qualitative rules, hence an approach is to first build the KB based on these 
pre-conditions. 
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Figure 2-1 Conceptual Framework 
 
The integration of FK and the spatial and thematic database is the actual process wherein 
stakeholders’ participation, by means of the derived local knowledge, are inputted in the 
integrated database. From the integrated database, modeling can be applied and plans (i.e., 
land use plans) can be generated and if already existing, further improved. 

2.2.2 Research Methodology 

Figure 2-2 summarizes the methodology of the study. The research starts with a review of 
related literature on land use planning, fuzzy modeling, GIS and knowledge base applications. 
The literature review was augmented with consultations/discussions with experts on these 
fields. At the concept formulation stage, problem analysis as well as objectives analysis based 
on the IMSD approach were undertaken with respect to the objectives and questions put 
forward in this research. Systems strategy and planning involves the preliminary review of the 
stakeholders, review of structures, organizations and mandates. The review identified critical 
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inputs in the design of the questionnaire. During the fieldwork stage, the main activities 
consisted of data gathering, data compilation, data validation – in terms of asking similar 
questions to different farmers and comparing their response with other farmers. 
Questionnaires addressed to organizations/institutions were also included to validate the 
preliminary review. Information analysis follow suit. This stage covers data organization, 
knowledge acquisition, process modeling, knowledge bases and knowledge base 
representation and, fuzzy approach in knowledge representation. Systems design phase 
involves translating all the information, in this case, from the farmers, to a cohesive, logical 
and orderly manner. This is done thru fuzzy data integration and fuzzy relational data 
modeling in a GIS. The conceptual and physical models illustrate the farmers´ definitions or 
farmers´ context of the land as how they see it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-2 Research Methodology 
 
Applications implementation and testing involves the FK simulation model. It is at this stage 
wherein the FK is translated in a crop suitability order according to their heuristics or ‘rules of 
thumb’. The simulation model can now be compared with the LRDP. This will essentially cover 
the comparison of FK suitability classes with that of the LRDP and assessing the degree of 
relevancy of the derived FK classes and findings will be analyzed. Based on the findings, 
conclusions will be drawn as well as recommendations, made.  
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2.3 Data Sources 

2.3.1 Secondary Data 
The data necessary to define and describe the soils as well as other essential data in the 
study area were taken from the on-going PhD research of Mr. Uday Bhaskar Nidumolu. 
These include ArcView shapefiles, ArcInfo coverages, and database files. IRS satellite 
images (3 bands), acquired on 18 January 2000, were also used for georeferencing during 
fieldwork. Narrowing down these datasets with respect to only those considered relevant 
(initially) to the study was undertaken, as data accessibility does not always connote 
relevancy. Table 2-1 shows the datasets that were considered in this study. 
 
Table 2-1 Metadata of Base Data of the Study Area 

ArcView shapefile Feature Type Attribute Table(s) Remarks 
canal_sub Line canal.lut from toposheets/RS/irrigation dep’t 
contour_sub Line contour.lut elevation contours w/ value in meters 
drainp_sub Poly drainp.lut water body mask polygons retrieved from LUSE layer 
lrdp_sub Poly lrdp.lut final Land Resources Development Plan (LRDP) 
luse_sub Poly luse.lut landuse/cover map 
Mandal Poly mandal.lut mandal admin boundaries 
slope_sub Poly slope.lut derived map from contour_sub 

soil_sub Poly 

soil.lut 
soil.dat 
soil.lut 
soil.lut 

soil types up to series level along with associations 
and soil profile data 

village_sub Poly vill.lut village admin boundary maps 

2.3.2 Fieldwork Data 

Fieldwork data were derived thru semi-structured questionnaires (see Appendix A.). 
Digitizing/georeferencing this information was made easier, partly thru the use of a Mobile 
GIS system (de Bie, 2002), which consists of an ESRI ArcPad (v.6.0) software installed in a 
Compac-iPAQ Pocket PC running at 200 Mhz under MSWindows-CE (v.3.09) that was 
connected to a Garmin Global Positioning System (GPS). For this study, points were used 
as reference where the field interviews were conducted. Coordinates of the fieldpoints were 
noted in the field, which was then uploaded to a laptop computer using ESRI ArcView and 
ArcPad. The generated shapefile is the spatial data and the farmers’ responses were the 
attribute data of each respective point.  

2.4 Scope and Limitation of the Study 
The focus of this research is essentially limited to the outcome of previous studies conducted 
in the study area. Specifically, comparing the generated outputs of the farmers’ knowledge of 
their land vis-à-vis the IMSD generated plans, the Land Resources Development Plan 
(LRDP). Therefore, to a certain extent, the accuracy of the data generated thru the interviews 
with the farmers is not dealt with thoroughly in this research (owing to time limitation for the 
conduct of the fieldwork). The main intention of this research is the methodology in capturing 
FK, structuring these and formalizing the same in order it could be integrated in a GIS.  
 
The selection of the study area is primarily based on the stratification undertaken in the 
Analysis of land cover deviations from capability as an indicator to identify investigation 
domain in land use planning (Nidumolu, 2002) (see Appendix B.). Hence, the identification of 
the villages in the study area is hinged on this pre-condition. However, the identification of 
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farmers within the framework of Nidumolu’s stratification was undertaken randomly. Moreover, 
owing to the differences of objectives of previous studies, to include those of the present, the 
data were limited to those that could be found fit for the purpose of showing the basic 
principles that underlie the proposed methodology. Some socio-economic data were referred 
from the document, Handbook of Statistics - Nizamabad District, 1998-2001 and the datasets 
from the current study being undertaken by Nidumolu (2002) and were assumed to have a 
high degree of accuracy and precision. Similarly, knowledge of the information requirements 
of IMSD in generating the LRDP was culled from general descriptions of its objectives and 
functions as mentioned in the IMSD (Integrated Survey Group, 1995).  
  
The conduct of the interview was limited, to a certain extent, on rapid rural appraisal and 
participatory rural appraisal approaches (Figure 2-3) and not based on village immersion 
methodologies (Lawas & Luning, 1996), wherein in-depth knowledge of the respondents is 
extracted and mapped, and; using farmer participatory methods such as participant 
observations and unstructured interactions (Rajasekaran & Martin, 1990).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 2-3 Interviewing the Farmer Respondents in their fields 

2.5 The Study Area 
The study area lies in the western part of Nizamabad District, Andhra Pradesh State, India 
(Figures 2-4 and 2-5). It comprises six Mandals (administrative sub-divisions in a district), 
namely; Kotgiri, Madnoor, Jukkal, Bichkunda, Birkoor, and Pitlam. The extent of the area is 
about 1,542.76 sq. km. comprising about 220 villages. It lies between 18°10’N and 18°40’N 
latitudes and 77°30’E and 78°00’E longitudes. The area is covered in parts by Survey of India 
1:50,000 scale toposheets 56J/10,11,13,14,15 and 16. The major river Manjira forms the 
eastern boundary of the area. 
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Figure 2-4 A. Map of India indicating State of Andhra Pradesh and B. Map of Andhra Pradesh 
indicating Nizamabad District 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-5 A. Map of Nizamabad District indicating the Study Area and B. Satellite Image of the 
Study Area 

2.5.1 People and Governance 
Total population of the area is around 294 thousand (Census 2001). Telugu is the pre-
dominant language, although Urdu is also spoken in the rural areas. The educational level 
among the people is low. Literacy rate is pegged at around 25% (Table 2-2) while per capita 
income is around Rs 33,000 (Euro 660) per year.   
 

Table 2-2 Literacy Rates, by Mandal 
No. of Literates % to total Population of the category Mandal 

  Male  Female Total Male  Female Total 

Kotgiri 8697 4238 12935 42 20 31 
Madnoor 6437 1931 8368 37 11 24 
Jukkal 4958 1499 6457 33 10 22 
Bichkunda 7447 2582 10029 37 13 26 
Birkoor 7073 2773 9846 39 15 27 
Pitlam 5107 1833 6940 35 13 24 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 
 

Governance at the village level, is exercised by the Gram Panchayat (village council) who are 
elected by the villagers. Almost always, village decisions are referred to the Gram Panchayat, 
who deliberates on village matters. To assist the Gram Panchayat, a village secretary is 
appointed by the state government. Among the functions of the village secretary, is the 
collection of information about crop related statistics. In terms of local revenues, these are 
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collected from the farmers and are based on holding size and type of crop per season. These 
revenues are in turn remitted to the Mandal level (Mandal Office) and henceforth to the 
District Level. As the agriculture sector in the study area is greatly dependent on availability of 
and accessibility to water, each village has its own Water Users Association (WUA). The 
WUA with the aid of the Mandal agriculture officer, determines which crops will be sown 
based on the amount of available water, information that is provided by the Irrigation Office to 
the Mandal Office, which in turn is filtered down to the village level. Hence, the selection of the 
type of crop is perfunctorily determined on water quantity and to a certain extent by the 
season. 

2.5.2 The Agriculture Sector  
Agriculture is still considered the backbone of the economy, about 81% of the working 
population depend on it. In rural areas, farming practices generally do not greatly vary from 
village to village (see Figure 2-6). Around 40% of the gross cropped land in the study area 
does not have assured irrigation, and falls in the category of "rainfed drylands".  

Figure 2-6 Typical Rural Telangana Farmer 
 

A major consideration therefore is the availability of and accessibility to water for agricultural 
purposes, as such; farm decisions are normally dependent on the season. Agriculture in the 
rainfed drylands is constrained by low productivity, lack of assured supply of inputs, lack of 
technologies and cropping systems suited to dryland conditions, poor resources and 
inadequate extension and support services. Research and extension on agriculture have 
generally focused on irrigated areas. The traditional system of multi-cropped subsistence 
agriculture practiced by communities in irrigated areas is shifting to commercial 
monocropping, largely because farmers feel that this is the way to ‘prosperity’. Some farmers, 
especially those who are financially well-off, have their own tube wells or bore wells (Table 2-
3). Water extraction from these sources, are by means of electric powered pumps and 
motors, which in some areas are only limited to nine hours per day – at the time of field work.  

 

Table 2-3 Areas covered by irrigation, in has.  

Mandal Canals Tanks Tubewells Other wells Lift Irrig Other sources Total 
Percent to 
Total Area  

Kotagiri 3057 352 2431 0 0 0 5840 20.19 

Madnoor 0 449 7138 0 0 0 7587 61.94 

Jukkal 2660 434 1867 0 0 0 4961 20.99 

Bichkunda 32 1390 3703 0 0 0 5125 28.88 

Birkoor 4949 2753 4200 0 264 223 12389 34.88 

Pitlam 338 2796 5294 0 1252 0 9680 54.02 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 
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The application of high doses of fertilizers and chemicals necessary for growing crops like 
cotton and sugarcane, and even rice, on already degraded lands, has contributed to a 
process of rapid degradation of the land. Moreover, farmers with small land holdings tend to 
“fully utilize” their small plots in an unsustainable manner, thus depleting the full potential of 
the land in succeeding cropping activities. The annual rate of increase in fallow lands, which 
comprise nearly 25% of agricultural lands in the state, is estimated at 1.6% (Table 2-4). It is 
therefore not surprising that the rainfed drylands of the study area are among the poorest and 
least developed in the Telangana region.  
 
Table 2-4 Land Utilization, in has.  

Mandal Area Forest 

Barren  
& 

uncultv
td land 

Land 
put to 
non-
agri’l 
uses 

Perm´t 
pastur
es & 
other 

grazng 
lands 

Misc. 
tree 
crop 

Cultura
ble 

waste 

Other 
fallows 

Current 
fallows 

Net 
area 
sown 

Total 
croppe
d area 

Area 
sown 
more 
than 
once 

Kotgiri 19,428 568 670 2,304 119 47 0 2,438 2,572 106 10,060 6,385 

Madnoor 23,034 0 528 1,518 734 0 22 0 2,548 17,684 24,992 7,271 

Jukkal 24,390 2,016 697 536 245 14 0 2,290 4,644 13,949 18,696 0 

Bichkunda 24,999 107 3,800 2,707 1,363 0 67 0 4,530 12,425 17,406 4,440 

Birkoor 17,523 3,006 1,022 1,878 4,220 0 0 2,093 1,200 7,902 11,913 0 

Pitlam 44,902 7,064 3,651 2,778 313 0 1,278 1,129 5,445 17,185 30,359 11,563 

Total  154,276 12,761 10,368 11,721 6,994 61 1,367 7,950 20,939 69,251 113,426 29,659 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 
 
Cropping activities go on all the year-round in the study area, provided water is available. 
There is no major cropping pattern that can be established however, as these are influenced 
by decisions of individuals, communities or governments and their agencies. These decisions 
are usually based on experience, tradition, expected profit, personal preferences and 
resources, social and political pressures and so on.  
 
The major crops grown are Paddy, Jowar (Sorghum), Sugarcane, Maize, Turmeric, Cotton, 
Groundnut, and Pulses etc. Table 2-5 show areas devoted to major crops by Mandal. 
 
Table 2-5 Areas devoted to major crops, in has.  

Paddy Jowar Bajra Maize Pulses 
Mandal 

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

Kotgiri 7325 4153 1 1181 0 34 7 0 1312 243 

Madnoor 1282 335 371 6987 0 0 0 0 9268 1001 

Jukkal 793 247 2305 3035 0 0 52 0 6609 368 

Bichkunda 3255 651 718 2462 0 0 12 6 5986 885 

Birkoor 7502 3794 8 16 0 11 16 1 38 10 

Pitlam 9173 2780 697 235 0 0 465 63 5239 114 

Total  29330 11960 4100 13916 0 45 552 70 28452 2621 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 

 
 
 



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 17 

Table 2-5 (cont’d) 
Sugarcane Turmeric Groundnuts Cotton Other Crops 

Mandal 
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

Kotgiri 951 803 8 0 0 1205 313 0 143 337 

Madnoor 64 0 6 0 0 658 2910 0 144 1966 

Jukkal 4 0 28 0 1 469 2524 0 490 1771 

Bichkunda 230 245 19 0 0 657 628 0 199 1153 

Birkoor 327 143 0 0 0 920 0 0 12 116 

Pitlam 636 762 0 0 0 1585 247 0 63 361 

Total  2212 1953 61 0 1 5494 6622 0 1051 5704 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 

 
There are three distinct seasons, kharif (July to October), rabi (November to March), and 
summer (March to July). Crops grown between March and June are known as zaid (summer). 
In some parts, there are no such distinct seasons, but farmers in these parts have their own 
classification of seasons. The village revenue officials (village secretary) keep plot-wise 
record of crops grown in each season. These records are annually compiled district-wise. 
From these records, one could calculate the relative abundance of a crop or a group of crops 
in a village. Crops are grown sole or mixed (mixed-cropping), or in a definite sequence 
(rotational cropping). The land may be occupied by one crop during one season (mono-
cropping), or by two crops (double-cropping) - which may be grown in a sequence within the 
year. The trend at present is towards more than two crops (multiple-cropping) in a year. 
These intensive croppings may be done either in sequence or even there may be relay-
cropping - one crop undersown in a standing crop. With wide-rowed slow growing cropping 
patterns, companion crops may be grown. There are various ways of utilizing the land 
intensively. Socio-economically, the peasantry ranges from the affluent farmers who operate 
with a high input intensity in agriculture, to the subsistence farmers. Between these two 
extremes, various intensities of cultivation are practiced.  

2.5.3 Land Holding Size  
The outstanding socio-economic fact is the smallness of holdings, the average farm-size in 
most areas being lower than that is in most tropical countries. A general view of the farm 
holding sizes is illustrated in Table 2-6.  
 
Table 2-6 Number and Area of Farm Holding Size, in has. 

<0.5 has. 0.5-1.0 has. 1.0-2.0 has. 2.0-3.0 has. 3.0-4.0 has. 4.0-5.0 has. 
Mandal 

No. Area No. Area No. Area No. Area No. Area No. Area 

Kotgiri 5,386 1,293.88 2,614 1,767.90 2,120 2,983.99 791 1,840.87 367 1,228.97 178 777.08 

Madnoor 3,269 1,126.94 3,231 2,501.67 3,196 4,459.00 1,460 3,106.20 900 2,167.29 384 1,684.38 

Jukkal 1,783 487.88 2,291 1,699.98 3,372 4,726.36 1,688 3,857.39 603 2,025.95 415 1,794.27 

Bichkunda 4,060 985.60 2,666 1,977.78 3,077 4,375.23 1,314 3,054.01 525 1,791.50 298 1,318.28 

Birkoor 6,302 1,691.59 3,226 2,394.19 2,193 2,894.68 571 1,346.26 212 711.10 96 424.72 

Pitlam 4,158 1,009.20 2,474 1,826.05 2,485 3,502.27 765 1,766.62 293 1,007.64 139 621.99 

Total 24,958 6,595.09 16,502 12,167.57 16,443 22,941.53 6,589 14,971.35 2,900 8,932.45 1,510 6,620.72 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 
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Table 2-6 (cont’d) 
Mandal 5.0-7.5.0 has. 7.5-10.0 has. 10.0-20.0 has. >20.0 has. Total 

 No. Area No. Area No. Area No. Area No. Area 

Kotgiri 204 1,208.32 69 581.18 29 351.72 0 22.88 11,758 12,056.79 

Madnoor 437 2,512.62 145 1,148.21 83 1,101.48 11 224.23 13,116 20,032.02 

Jukkal 360 1,903.51 138 1,198.79 75 949.26 4 118.39 10,729 18,761.78 

Bichkunda 299 1,735.73 105 869.96 52 615.21 4 310.52 12,400 17,033.82 

Birkoor 88 526.82 25 212.37 10 110.00 1 20.16 12,724 10,331.89 

Pitlam 138 792.82 37 326.76 31 355.12 0 0 10,520 11,208.47 

Total 1,526 8,679.82 519 4,337.27 280 3,482.79 20 696.18 71,247 89,424.77 

Source of Data: Handbook of Statistics, Nizamabad District, 1998-1999 to 2000-2001 
 
A summary as well as the percentages of these holdings to the total holdings, is shown in 
Table 2-7. It is important to note at this point that a great number of landholders are “small 
holders” from 0.5 ha. to 3 has. Data from fieldwork also confirms this. As such, the farmer 
respondents considered in the research are under this category. 
 
Table 2-7 Percentage of Holding Size to Total holdings and Percentage of Area by Holding Size 
to Total Area, in has. 

Holding size No. of holdings % to Total Holdings Area % to Total Area 

< 0.5 24,958 35.03 6,595.09 7.38 

0.5-1.0 16,502 23.16 12,167.57 13.61 

1.0-2.0 16,443 23.08 22,941.53 25.65 

2.0-3.0 6,589 9.25 14,971.35 16.74 

3.0-4.0 2,900 4.07 8,932.45 9.99 

4.0-5.0 1,510 2.12 6,620.72 7.40 

5.0-7.5 1,526 2.14 8,679.82 9.71 

7.5-10.0 519 0.73 4,337.27 4.85 

10.0-20.0 280 0.39 3,482.79 3.89 

> 20.0 20 0.03 696.18 0.78 

Total 71,247 100.00 89,424.77 100.00 

Computed based on Table 2-6  

2.6 Concluding Remarks 
This chapter presented the framework how the research will be carried-out. It also presented 
the limitations of this research as well the general conditions of the study area with focus on 
the people and the agriculture sector. An important element in LUP is local participation. 
However, local participation is only brought to fore if and when the aspirations of the involved 
are actually integrated in LUP. But how does one capture and translate the aspirations or 
knowledge of the involved? The following chapter presents the methodology of how this 
knowledge is captured and transcribed.  
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3 INFORMATION ANALYSIS 

3.1 Introduction 
For generations, farmers have developed, based on experience, land use systems that are 
well adapted to the potentials and constraints of their land. To achieve this adaptation, they 
have developed informal systems of land quality appraisal based on observations and 
experimentations, which are often very sophisticated and, to a certain extent, accurate (Cools 
et al., 2002), while agricultural scientists have a specialized, and therefore, fragmented view 
of a farming system. Farmers commonly take a holistic approach to farming. Their practices 
reflect an understanding of the ecosystem as a whole, which includes the community and its 
socio-cultural structure. Combining agronomic analysis with farmers’ local environmental 
knowledge may therefore help development programmes in resolving their current dilemmas 
about land uses.  

3.2 Knowledge Acquisition 
Knowledge acquisition is considered as a vital and necessary process of extracting, 
transforming, and transferring expertise information from a number of knowledgeable sources 
in order to design and develop an expert system for problem solving (Zheng, 2001). Research 
in knowledge acquisition supports the generation of knowledge-based systems through 
development of principles, techniques, methodologies and tools. What differentiates 
knowledge-based system development from conventional system development is the 
emphasis on in-depth understanding and formalization of relations between conceptual 
structures underlying expert performance and computational structures capable of emulating 
that performance. To support knowledge acquisition, personal construct theories are applied. 
These theories are about individual and group psychological and social processes, which 
have been used extensively in knowledge acquisition research to model the cognitive 
processes of human experts (Gaines & Shaw, 1993). 
 
Knowledge acquisition is the first step in building a Knowledge-Based System (KBS) after 
defining what the system has to do. It describes the dual process of extracting and translating 
expert knowledge or heuristics into rules (McGraw & Harbison-Briggs, 1989). Knowledge 
acquisition can be done either by direct methods or indirect methods (Gonzalez, 1994). This 
research utilizes the direct method (e.g., thru interviews, questionnaires and observations). 
The correctness of the data with respect to the real world can be objectively verified by 
comparison with repeated observations where the expert is consulted for verification. Also, 
knowledge includes abstractions and generalizations, which are typically imprecise. This is 
the phase that distinguishes knowledge-based systems from conventional information 
systems.  

3.2.1 Process Modeling  
In process modeling, the system procedures or functions (processes), the information needs 
and the flow of information in the system will be distinguished by means of diagrammatic 
technique – Data Flow Diagram (DFD) – to support logical thinking. 
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3.2.2 Data Flow Diagrams 
A DFD is one of the most important modeling tools for analysts to model system components. 
These components are the system processes, the data used by the processes, data stores 
and the information flows in the system. The use of DFD as a modeling tool was popularized 
by Demarco (1978) and Gane and Sarson (1979) through their structured system analysis 
methodology (Hawryszkiewycz, 1998).  
 
Describing the System by DFD 
- The Context Diagram: The context diagram models the whole system into one process. It 
shows the data sources used by the system (data requirements), and the outputs of the 
system. 
 
- The Top Level Diagram: For more detail, it is necessary to identify the major system 
processes and draw a DFD made up of these processes and the data flow between them. 
This DFD is called the top-level diagram. Further details could be illustrated with the 
expansion of each process into a more detailed DFD (e.g., first-level, second-level, and so 
on).   
 
Data Flow Diagram Symbols 
A DFD uses a number of symbols to represent the system. These symbols represent the 
direction of data flow, processes, data stores and terminators (external entities). In this thesis, 
the following symbols denote: 
 

- Process(es) 
 

- Data Store 
 

- Terminators (data providers/users) 
 

- Data Outflow  
 

- Data Inflow 
 

Process: Process(es) show what the system does. Each process has one or more data input 
and procedures or, one or more data outputs. Each process has a unique name and number. 
The name and number appear inside the circle, that represents the process in a DFD. 
 
Data Store: A data store is a repository of data. It contains data, which are retained in the 
system. Processes can enter data into the data store or retrieve data from the data store. 
Each data store also has a unique name.  
 
Terminators: Terminators are data sources as well as data providers. 
 
Data Out(In)flow: Data flows model the passage of data in the system, whether outgoing 
(data outflow) or incoming (data inflow) and are represented by arrows indicating the flow to 
and from system components. These arrows are labeled with the name of type of data. Flow 
of data can take place in the system between two processes, from a data store to a process, 
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or from a terminator to a process or data store. In a land use planning process model, the 
data providers are, at the same time, also data users of the land evaluation system.  

3.2.3 Process Model for Knowledge Acquisition  
In LUP, many aspects of land and its use(s) should be taken into account. These aspects, 
with the necessary information for land use planning, are listed below: 
 

-  Biophysical aspects: soil data, hydrological data, agro-climatic condition of the area; 
 

- Socio-economic and environmental aspects: present and historical information of land 
management, labor demands, machinery, capital, inventory of financial resources, land use 
type of the study area, the development targets of the government, the impact of land use 
on the environment, infrastructures, etc. 

 

- The historical and present land use of the area, among others. 
 

Various entities or organizations provide the data needed in LUP. These data are considered 
framework data and/or foundation data as well as application data (Groot & McLaughlin, 
2000) or in a sense, considered as knowledge bases. The integration of these data in 
accordance to land evaluation procedures would yield a land evaluation assessment towards 
LUP. This is illustrated in a context diagram in Figure 3-1. 
   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-1 Context Diagram of a Conceptual System for Land Evaluation  
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Farmers’ Knowledge in Figure 3-1 is a data inflow to the land evaluation system. At a more 
detailed level (Figure 3-2), FK will be processed in the data acquisition process and is 
converted into a repository of data – knowledge base (datastore), which together with 
scientific knowledge bases, serve as inputs to the compilation and analysis process. In the 
compilation and analysis process, sectoral policies are reviewed together with the knowledge 
bases (scientific and farmers’) and outputted as compiled data, which will serve as inputs to 
the evaluation of strategies process. In the evaluation of strategies process, alternative and 
preferred land use options are identified, thus serving as inputs to the land use plan 
preparation process. The outputs of the land use preparation process are local/district land 
use plans in which farmers’ knowledge have been taken into account. 
 
 
 
   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-2 Top Level Diagram of a Conceptual System for Land Evaluation 

3.3 Knowledge Base and Knowledge Base Representation  
In general, a knowledge base is a centralized repository for information. A public library, a 
database of related information about a particular subject, and a land evaluation system could 
all be considered examples of knowledge bases. Knowledge-based systems utilize expert 
knowledge and are designed to reach the same conclusions that a human expert is expected 
to reach if faced with a comparable problem. An expert is a person who possesses the 

- Focus of present research 
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expertise or the desired knowledge of an application, and the task of eliciting this knowledge, 
is done by a “knowledge engineer” (McGraw & Harbison-Briggs, 1989). 
 
In relation to information technology, a knowledge base is a machine-readable resource for 
the dissemination of information, generally with the capacity to be put online. An integral 
component of systems, knowledge bases are used to optimize information collection, 
organization, and retrieval for an organization, or for the general public for a specific 
application. 
 
A knowledge-based system has three basic components: a knowledge base, an inference 
engine and a user interface (McGraw & Harbison-Briggs, 1989); (Bonham-Carter, 1994). The 
knowledge base contains facts and rules expressing an expert’s heuristics (or ‘rules of 
thumb’) for the topic or domain. Such domain facts and rules are separated from the 
procedural language (the inference engine) used for controlling program execution. The 
separation of knowledge and procedures of applying the knowledge is one of the main 
characteristics of expert systems. 
 
Knowledge bases are different from a database in that a database is a collection of data 
representing facts while a knowledge base contains information at a higher level of 
abstraction. Likewise, it differs from conventional computer programs and database 
management systems because of the treatment of facts and rules as “data” in the knowledge 
base. All factual and empirical knowledge of an expert (or experts), which are important for 
problem-solving in a specific area of application are (in principle) contained in a knowledge 
base (Gonzalez, 1994). 
 
Gonzalez (1994) citing Robinson and Frank (1987), noted that there three main methods of 
representing formalized knowledge: (1) semantic networks, which is a network of relation links 
and object nodes; (2) frames, which is a modular organization of knowledge per topic; and (3) 
production rules, which are premise-conclusion statements that follow either quantitative or 
qualitative rules (Zheng, 2001). These production rules are in the form of IF <premise> THEN 
<conclusion and/or action>. In the premise part, questions are asked about the logical links 
between the characteristics of the objects. In the conclusion part, new facts and 
characteristics are added to the knowledge base and/or actions are executed (McGraw & 
Harbison-Briggs, 1989). Example A. shows an example of a qualitative production rule.  
 
Example A. 

IF   <the soil’s color is red> 
AND   <the soil depth is deep to medium deep> 
THEN   <it is good for olives>  
 

Building a farmers’ knowledge base is a challenge in itself because it requires understanding 
and reasoning with vague and ambiguous or qualitative observations of the farmers. Since 
local farmers “look” at land according to their needs and are different from the scientists’ 
views, one has to learn terms congruent with those of the local farmer. Gonzalez (1994) citing 
Furbee (1989) writes that this requires asking the right questions from the point of view of the 
farmers and defining objects according to their criteria.  
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3.4 FK as a Knowledge Base 
Farmers classify soil according to fertility (productivity), indicator plants (in fallow vegetation), 
depth, structure, texture (presence of stones and gravel), color, consistence, drainage and 
sub-soil characteristics (Habarurema & Steiner, 1997). Zurayk et al., (2001), revealed that 
local farmers in Aarsal, Lebanon, categorize their soils in different classes, which reflect their 
agronomic potential and follow multi-descriptor system which includes depth, color, 
texture/water relations, and other existing limitations. Furthermore, farmers in Aarsal use soil 
depth followed by soil color as main descriptors indicating implications on crop yield and 
moisture reserve, and fertility, respectively.  
 
Soil color and soil depth are the major criterion used by farmers to classify the suitability of 
the land. The darker the soil, the more fertile it is likely to be. The physical aspect of the soil 
determines the management regime; farmers consider at least two layers--the top, consisting 
of soil that is reached by the plough, and the layer immediately under it. Farmers also 
possess a hierarchical soil classification system that is clearly oriented towards practical use 
(Sandor & Furbee, 1996).  

3.4.1 FK in the Study Area 
As determinants/factors are recognized, their individual and collective relevance and therefore 
their role in the evaluation are also brought to fore. Although initial focus of this study was on 
comprehensive identification and capturing of all relevant determinants/factors, it was also 
practical to consider and give special attention to availability of data that may be used to 
represent the determinants/factors. The thin dividing line between farmers’ “needs” and 
farmers’ “wants” in defining their suitability criteria must also be drawn. In a sense, a farmer’s 
statement that his land is suitable according to his “needs” may spell a lot more different than 
a farmer’s statement that his land is suitable according to his “wants”. To set a clear path in 
designing the model, some other criteria such as farm holding size, availability of 
infrastructure, level of investments, availability of credit, availability of farm inputs, distance to 
markets, prices of farm outputs, etc., were not considered inasmuch as these data were 
unavailable. As such, these other criteria were treated as exogenous factors in this work.  
 
Table 3-1 shows the summary of the farmers’ responses on suitability factors for various 
crops, which were categorically reviewed and summarized along the lines of this research 
(see Appendix C.). It may be noted that aggregation was considered, as it is one way of 
simplifying the modeling procedures to be carried out. Moreover, aggregation was done 
inasmuch as a) the farmers’ responses are difficult to quantify individually or by village; and b) 
farmers in the study area, generally can be viewed, belong to “rural Telangana farmers” 
sharing the same traits, traditions and culture with respect to agriculture (Figure 2-6). The 
above-mentioned rationale, lays credence to the use of fuzzy methodologies – wherein 
certain properties are difficult to measure or if data are insufficient for statistical analysis or 
even when relations between indicators are not clearly known (Beek, 2000). It may be 
worthwhile mentioning that the average farmer-respondent has an average farm-holding size 
of 2 hectares, average household income of around Rs 30,000 per year (Euro 600), and are 
owners of the land they till or are under lease.   



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 25 

Table 3-1 Summary of Farmer Responses indicating local classification 
Kharif 

(monsoon) Cropping 
Kharif+Rabi  

(dual) Cropping 
Rabi 

(post-monsoon) Cropping Fld 
pts 

Village 
Local soil 

name 

Texture 
Class-
ification 

Depth 
Classi-
fication 

Slope 
Classi-
fication If water is 

available  
If water is not 

available 
If water is 
available  

If water is not 
available 

If water is 
available  

If water is not 
available 

1 Ethonda Nala Regadi Fine Deep Flat Paddy Paddy Paddy Fallow Groundnuts   Fallow 

2 Ethonda Chalka Fine Deep Flat Paddy Jowar Paddy Fallow Sugarcane Fallow 

3 Karegoan Nala Regadi Coarse Med Deep Flat Maize Turmeric Cotton Groundnuts Pulses Jowar 

4 Karegoan Chalka Fine Med Deep Flat Paddy Paddy Sugarcane Sugarcane Sugarcane Sugarcane 

6 Chikatpalle Nala Regadi Fine Med Deep Flat Paddy Paddy Paddy Paddy Paddy Paddy 

5 Chikatpalle Chalka Fine Deep Flat Paddy Fallow Paddy Fallow Paddy Fallow 

8 Rampur Chalka Mod Fine Deep Flat Paddy Turmeric Paddy Fallow Paddy Fallow 

7 Rampur Chalka Fine Med Deep Flat Paddy Groundnuts Paddy Fallow Paddy Fallow 

9 Kodcherla Nala Regadi Fine Deep Flat Paddy Vegetables Paddy Fallow Sugarcane Fallow 

10 Kodcherla Chalka Fine Deep Flat Paddy Groundnuts Paddy Fallow Sunflower   

12 Mylaram Nala Regadi Fine Med Deep Gentle Paddy Groundnuts Paddy Vegetables Sunflower Fallow 

             Vegetables Vegetables Fallow Sunflower Fallow 

11 Mylaram Chalka Fine Med Deep Gentle Paddy Jowar Groundnuts Turmeric Sunflower Fallow 

13 Keroor Nala Regadi Coarse Deep Flat Cotton Groundnuts Paddy Fallow Jowar Bajra 

14 Keroor Chalka Fine Med Deep Flat Paddy Vegetables  Paddy Fallow Sunflower Fallow 

15 Mainoor Chalka Fine Deep Moderate Paddy Cotton Maize Fallow Jowar Fallow 

17 Rajola Nala Regadi Mod Fine Med Deep Flat Paddy Sugarcane Jowar Maize Paddy Fallow 

16 Rajola Chalka Coarse Deep Moderate Jowar Maize Jowar Sunflower Safflower Fallow 

19 Padampalle Nala Regadi Fine Med Deep Flat Paddy Vegetables Safflower Sunflower Jowar Bajra 

18 Padampalle Chalka Coarse Med Deep Flat 
Groundnu
ts Turmeric Jowar Fallow Sunflower Fallow 

20 Pedda Ghulla Nala Regadi Fine Deep Gentle Paddy Sunflower Cotton Fallow Safflower Fallow 

21 Pedda Ghulla Chalka Fine Med Deep Moderate Paddy Vegetables Vegetables   Sugarcane Fallow 

23 Siddapur (J) Nala Regadi Fine Med Deep Moderate Paddy Fallow Vegetables Fallow Cotton Fallow 

22 Siddapur (J) Chalka Fine Deep Gentle Paddy Fallow Groundnuts Fallow Sunflower Fallow 

24 Siddapur (P) Nala Regadi Fine Med Deep  Moderate Paddy Vegetables Sugarcane Fallow Sugarcane Fallow 

25 Siddapur (P) Chalka Mod Fine Med  Deep Flat Paddy Sugarcane Sugarcane Fallow Sugarcane Fallow 

26 Potheredippalle Chalka Fine Deep Gentle Paddy Sugarcane Sugarcane Vegetables Groundnuts Fallow 

The first column (Fld pts) indicates the points where the interview was conducted. (refer to 
Appendix C.) 

3.4.2 Farmers’ Definition vs. Scientists’ Definition 

Farmers view land potential from several aspects, their primary basis to decide suitability of land 
for which type of crop is the season. To articulate the farmers’ classification of the factors with that 
of the scientists, it is necessary to define what is common among them. Listed in the following is 
the comparison between the ‘world view’ of the farmers’ and scientists’ definition based on the five 
factors (season, color, texture, depth, and slope). Table 3-2 depicts farmers’ definition and 
scientists’ definition of cropping season. 
 

Table 3-2 Cropping Season 
Farmers’ Definition Scientists’ Definition 

Cropping Season 
Months 

Cropping Season 
Kharif Jul-Oct Monsoon cropping 
Kharif+Rabi Oct-Dec Dual cropping 

Rabi Nov-Mar Post Monsoon cropping 
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Their supporting bases to decide suitability of land for which type of crop are soil color, soil texture, 
soil depth and topographic slope. Farmers rank these factors to determine suitability of the land. 
This is discussed in Section 3.6.3. Table 3-3 reflects the farmers’ perception of soil color in 
comparison with the scientific definition based on the Munsell Soil Color Chart (Munsell & Birren, 
1969).  
 

Table 3-3 Types of Soil Color 
Farmers’ Definition Scientists’ Definition 

Local Name Color Color Munsell Color Code 
Nala Regadi ‘Black’ color soils Very dark gray 5YR 3/1 
Nala Regadi ‘Black’ color soils Reddish Black 10R 2.5/1 
Chalka ‘Red’ color soils Red 10R 4/6 
Chalka ‘Red’ color soils Dark reddish gray 10R 4/1 

Chalka ‘Red’ color soils Reddish Brown 2.5YR 4/4 

 
Farmers interviewed categorize local soils into only ‘black’ color soils (Nala Regadi) and ‘red’ color 
soils (Chalka), even when there are varying degrees of ‘blackness’ and ‘redness’ of the soils for 
the different areas.  
 
Table 3-4 defines the farmers’ soil textural classes and is compared to those of the scientists (Rao 
& Raj, 2001). While it may be noted that farmers’ definition in the said tables are categorized 
based on scientific definitions, this definition, which is a ‘linguistic variable’, are fuzzy definitions. 
Hence, the actual boundaries of these definitions are not strictly limited to the defined categories 
(therefore the dashed-lines in Tables 3-2 – 3-6).  
 

Table 3-4 Types of Soil Texture 
Farmers’ Definition Scientists’ Definition 

Texture Texture (% clay) Description 
Coarse < 10 Coarse 

10 – 20 Moderately coarse 
Moderately Fine 

20 – 30 Moderately fine 

Fine > 30 Fine 

 
For example, the lower and upper limits of the Moderately Fine class are not strictly at 10% and 
30% clay, respectively. The limits are dependent on the Membership Function (MF) that will map 
the fuzzy property. This is further explained in Section 3.5.2. 
  
Tables 3-5 and 3-6 are the farmers’ categories of soil depth and slope compared with scientists’ 
definitions (Venkateswarlu, 2001), respectively.  
 

Table 3-5 Types of Soil Depth 
Farmers’ Definition Scientists’ Definition 

Depth Effective Depth (in cm) Description 
< 10 Very shallow 

Shallow 
10 – 25 Shallow 
25 – 50 Medium deep 

Medium deep 
50 - 100  Deep 

Deep > 100 Very deep 
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Similarly, the lower and upper limits of the farmers’ definitions do not rigidly follow the scientists’ 
definitions since the farmers’ definitions for depth and slope are also ‘linguistic variables’, hence 
fuzzy properties. 
 

Table 3-6 Types of Topographic Slope 
Farmers’ Definition Scientists’ Definition 

Slope Slope (in %) Description 
0 – 1 Nearly level 
1 – 3 Very gently sloping Flat 
3 - 5  Gently sloping 
5 – 10 Moderately sloping 

Gentle 
10 – 15 Strongly sloping 
15 – 33 Steep 

Moderate 
> 33 Very steep 

3.4.3 FK Rules 

Having gathered the data from the farmers, the next step is data organization. However, it is 
prudent that generalization must follow in order to come up with a farmer-based rule. Hence, the 
summary of the responses is turned into a Farmers’ Knowledge Rule, as shown in Table 3-7. 
Analysis of the aggregated farmers’ responses reveals 12 unique ‘linguistic rules’ based on 
cropping seasons, soil and slope characteristics and each rule apply to a unique combination of 
possible crops. This implies that however diverse the farmers’ responses may be, these can be 
organized into discrete rules, which may be a function of the farmers’ sharing the same traits, 
tradition and culture inherited from previous generations.  
 

Table 3-7 Farmers’ Knowledge Rule 
IF AND OR THEN 

RULE 
Season Soil Texture Depth Slope Crop 

            

1 A Nala Regadi Fine to Moderately Fine Medium Deep to Deep  Flat to Gentle 1 
            

2 A Nala Regadi Coarse Medium Deep to Deep Gentle to Moderate 2 
            

3 A Chalka Fine to Moderately Fine Medium Deep to Deep Flat to Gentle 5 
            

4 A Chalka Coarse Medium Deep to Deep Gentle to Moderate 6 
            

5 B Nala Regadi Fine to Moderately Fine Medium Deep to Deep Flat to Gentle 1 
            

6 B Nala Regadi Coarse Medium Deep to Deep Gentle to Moderate 2 
            

7 B Chalka Fine to Moderately Fine Medium Deep to Deep Flat or Gentle 7 
            

8 B Chalka Coarse Medium Deep to V. Deep Flat to Gentle 3 
            

9 C Nala Regadi Fine to Moderately Fine Medium Deep to V. Deep Flat to Gentle 3 
            

10 C Nala Regadi Coarse Medium Deep to V. Deep Flat to Gentle 4 
            

11 C Chalka Fine to Moderately Fine Medium Deep to V. Deep Flat to Gentle 8 
            

12 C Chalka Coarse Medium Deep to V. Deep Gentle to Moderate 3 
             

Season: A = Kharif; B = Kharif+Rabi; C = Rabi 
Crops: 1 = Paddy, Pulses, Vegetables, Groundnuts; 2 = Maize, Turmeric, Cotton, Groundnuts; 3 = Jowar, Maize, Safflower, 
Sunflower; 4 = Jowar, Pulses, Bajra; 5 = Paddy, Sugarcane, Cotton; 6 = Jowar, Maize, Groundnuts, Turmeric; 7 = Paddy, 
Vegetables, Safflower, Sunflower; 8 = Jowar, Bajra  
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The extraction of the farmers’ knowledge rule follows along the lines of informal interviews (without 
reference to the questionnaires) – in small groups, wherein interviews were done in their fields, 
thus facilitating knowledge extraction. As an evaluation mechanism, the responses of one group of 
farmers (in one area) are cross-checked with other groups of farmers in another area. It may be 
noted, that while there may be several instances wherein crops are mentioned for a certain 
season, soil color, soil texture, soil depth and slope, it is a combination of these instances (wherein 
crops are mentioned) that would follow in the generation of the rules. Furthermore, in an attempt 
to establish a possible hierarchy of farmers’ decisions, a decision tree was constructed (Section 
3.4.4)  

3.4.4 Farmers’ Decision Tree 

Referring back to Table 3-7, the farmers’ knowledge rule could be translated in a decision tree. 
Being practical, the decision tree can be used for inductive inference over supervised data and at 
the same time it allows for the concept of hierarchy. The decision tree follows the logical 
IF_THEN_ELSE statements but the main essence of the decision tree is that it eliminates 
redundancy and at the same time it validates which factors are considered important in coming up 
with a decision, in this case farmers’ land assessment. The simplest tree captures the most 
generalization and represents only the most essential relationships. Figure 3-3 is the framework 
wherein FK was mapped onto a decision tree. The FK decision tree would serve the basis in 
validating farmers’ suitability classes (see Appendix D.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-3 Decision Tree Framework derived from FK 

3.5 Information Analysis: Application of Theory of Fuzzy Sets  

In the previous section, the farmers’ ‘world views’ were illustrated and is compared to that of the 
scientists’. Also, the farmers’ knowledge rules are shown in Table 3-7. Based on the rules derived 
from the experts, in this case the farmers, an inference procedure will be utilized. The inference 
procedure interprets rules and ranks them in a logical order. An inference procedure is made up of 
an input (a database), a set of rules, and an output, which is usually a consequence of the input. 
The linguistic input-output associations, when combined with an inference procedure, constitute 
the fuzzy rule-based systems. Figure 3-4 illustrates the typical fuzzy rule-based system. 
 

What is the texture of the soil? 

What is the depth of the soil? 

What is the season? 

What is the color of the soil? 

What is the slope? 
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Figure 3-4 An input-output map of a typical fuzzy rule-based system (adopted and modified from 
McBratney & Odeh, 1997)  

3.5.1 Theory of Fuzzy Sets 

The Theory of Fuzzy Sets (Zadeh, 1965) or subsets, which is a generalization of abstract set 
theory, relates to imprecision and uncertainty in certain concepts whereby grouping 
individuals/objects into classes with no sharply defined boundaries is not possible. Fuzzy sets are 
useful whenever there is a need to describe ambiguity, vagueness, and ambivalence in conceptual 
or mathematical models of empirical models (Carranza & Hale, 2001; McBratney & Odeh, 1997; 
Openshaw, 1998). Such conceptual models without fuzzification do not realistically describe 
physical phenomena as the models are based on a strictly binary approach [1,0], which implies 
that an entity either fully belongs to a class or not at all. In the analysis and management of natural 
resources (Zheng & Kainz, 1998) and studies of ecological impacts (Silvert, 1997), there are 
problems how to process incomplete, imprecise, vague or uncertain information, such as linguistic 
descriptions, for decision making.  
 
In a formal definition of a fuzzy set (McBratney & Odeh, 1997), it is presupposed that X � {x} is a 
finite set (or space) of points, which could be elements, objects or properties and a fuzzy subset A 
of X, is defined by a function, µA, in the ordered pairs: 
 

A � {x, µA (x)} for each x ∈ X.    
 
In plain language, a fuzzy subset is defined by a membership function, which defines the 
membership grades of fuzzy objects, and is represented by ordered pairs of objects and their 
membership grades. The relation µA(x) is a membership function defining the grade of 
membership of x (the object) in A, and x ∈ X indicates that x is an object of, or is contained in X. 
For all A, µA(x) takes on values between and including 0 and 1. In practice, X = {x1, x2 …, xn} and is 
written as: 
 

  A = x1,µA(x1) + x2,µA(x2) + … + xn,µA(xn) 
 
the operator + is used as defined in the set theoretic sense. If µA(x) = 0, then x,µA(x) is omitted.   

3.5.2 Fuzzy Membership Functions 

A fuzzy membership function (FMF) is an expression defining the grade of membership of x in A. 
In contrast to the characteristic function in conventional set theory which implies that membership 
of individual objects in a subset as either belonging or not at all, i.e., µAnf (x) → {0,1} where Anf is 
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the non-fuzzy equivalent of fuzzy subset A, the fuzzy membership function (FMF) of x in A is 
expressed as: 

 

µA (x) → [0,1]. 
 
Thus µA (x) � 0 and µA (x) � 1 respectively means, that x does not belong and fully belongs to the 
subset A, and 0 < µA (x) < 1 means that x belongs to some degree (i.e., partial membership is 
therefore possible). A fuzzy number is a fuzzy subset of the real numbers characterized by a 
possible distribution. It is a generalization of the real numbers. Usually, a fuzzy number is defined 
as a normal and convex fuzzy set in the real line A ⊆⊆⊆⊆ ℜℜℜℜ. By normal, we mean that the maximum 
value of membership in a fuzzy set in ℜℜℜℜ is 1. By convex, it is implied that the fuzzy number 
consists of an increasing and decreasing part, and sometimes a flat part. Functionally, this can be 
expressed for each of real number a, b, and c as:  
 

 µA (b) ≥ min (µA (a), µA (c)), a<b<c. 
 
Fuzzy numbers play an equivalent role in fuzzy models as classical (real) numbers in non-fuzzy 
models; hence their universal importance in fuzzy operations. 
 
In soil science, McBratney & Odeh (1997), showed an application of the fuzzy set theory to 
represent or model terms such as ‘very deep’ soil, ‘deep’, or ‘shallow’ soil. These terms constitute 
the universe of ‘soil depths’, taking values between 0 and 200 cm (Burrough et al., 1992). As such, 
soil depth could be regarded as a fuzzy property. The attribute value at the point where the grade 
of membership = 0.5 is called the ‘crossover point’. It can be assumed the A is a fuzzy subset of 
‘shallow soil’, B a fuzzy subset of ‘deep soil’ and C a fuzzy subset of ‘very deep soil’. Thus, the 
FMF, µB (x), as shown in Figure 3-5, 100 cm fully belongs to the set of deep soil, and therefore 
has a membership of 1 whereas depths of 0 � x < 100 or 100 < x � 200 cm have partial 
memberships. McBratney & Odeh, (1997) citing Jang & Gulley, (1995) writes that Membership 
Functions (MF) defining the subsets of shallow, deep and very deep soils can be exponential or 
Gaussian type as illustrated in Figure 3-5. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-5 Gaussian (fuzzy) membership functions fitted to fuzzy subsets of ‘shallow’ soils (A) 
(asymmetrical), ‘deep’ soils (B) (symmetrical) and ‘very deep’ soils (C) (asymmetrical) 
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Figure 3-5 also shows the MFs of more than one fuzzy subset, shown as subsets of ‘shallow’, 
‘deep’, and ‘very deep’ soil. Choosing 0 cm, 100 cm and 200 cm as the standard indices or 
centroids of the shallow soil, deep soil, and very deep soil, respectively. The shallow soil and very 
deep soil sets have a truncated or asymmetrical FMF. The deep soil FMF is symmetrical, 
representing a true normal and convex FMF. Several fuzzy subsets can also overlap indicating the 
nature of the three fuzzy subsets within the universe of depths of the soil. It illustrates that classes 
or sets in the real world do not necessarily have sharply defined boundaries, and that a continuum 
do not always have sets or classes with rigidly defined cut-offs.  
 
Continuous fuzzy classes can be constructed based on the ‘central concepts’ of classes that are 
defined a priori, using the conventionally defined classes such as in Soil Taxonomy and other 
classification systems (Baja, Chapman, & Dragovich, 2002; Sasikala et al., 1998). There are two 
different but complementary approaches to grouping individuals into fuzzy sets or classes. The 
first approach is based on fuzzy c-means (FCM, also known as fuzzy k-means) partitioning of 
observations in multivariate space into relatively stable naturally occurring groups, wherein the 
number of classes are not known a priori. The second approach is based on what is termed the 
Semantic Import (SI) model, where a MF is defined without reference to the data. The class limits 
are specified based on experience or conventionally imposed definitions before individuals are 
allocated on the basis of how close they match the requirements of the classes (McBratney & 
Odeh, 1997). Moreover, SI Model is simple and can be seen as an extension of the Boolean 
classes and sensible comparison can be made with strictly defined Boolean classes (Burrough et 
al., 1992). Based on the SI Model, Fuzzy Membership Grades (FMGs) were determined using the 
S-membership function, as this is the most relevant to this paper in terms of data gathered from 
the farmers. Tang (1993) citing Ruan (1990) and Tang et al., (1991), defines it as: 
 

      0;   x ∈ ] - ∞, α[ 
    2[(x-α)/(γ−α)]2 ;  x ∈ [ α,   β ] 

S (x; α,β,γ) � { 1-2[(x-γ)/(γ-α)]2 ; x ∈ [ β,    γ ]    eq 3-1 
     1;   x ∈ [ γ, +∞ [   
 
where, S = Factor  

β = (α+ γ)/2 
  

and is represented graphically in Figure 3-6 
 
 
 
 
 
 
 
 
 

Figure 3-6 The S-Membership Function 
β α γ 
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In this paper, a combination of binary fuzzy sets and multi-class fuzzy sets will be utilized. It may 
be noted that the Farmers’ ‘world view’ was translated first, in terms of the scientists’ definition, 
then, in terms of discreet numbers (this is how fuzzy logic works). In deriving the FMGs, MicroSoft 
Excel was used to run eq 3-1 (see Appendix E.). Based on the comparison of farmers’ 
definitions and scientists’ definitions of factors related to agriculture (Tables 3-2 – 3-6), the fuzzy 
representations of FK are presented in Section 3.6. 

3.5.3 Fuzzy Operators 

The final land suitability for a certain crop is obtained by the ‘multiplication’ of the weight matrix (W) 

with the µBi (x) of each factor. Hence, the final suitability index can be formulated based on the 
following fuzzy operators as illustrated by Bonham-Carter (1994) and Carranza, (2002), and the 
weight factors approach of Tang (1993) and Joint Membership Functions (JMF) (Davidson, 
Theocharopoulos, & Bloksma, 1994): 
 
Fuzzy AND Suitability Index 

µµµµcombination �  MIN (WAµµµµA, WBµµµµB, WCµµµµC…)      eq 3-2 

 
This is equivalent of a Boolean AND (logical intersection) operation on classical set values of (1,0) 
wherein, µa is the membership value of map A, µB is the membership value of map B at a 
particular location, Wa is the weight factor of map A, Wb is the weight factor of map B and so on. 
The combination of using fuzzy AND is controlled by the smallest fuzzy membership value 
occurring at each location. 

 
Fuzzy OR Suitability Index 

µµµµcombination � MAX (WAµµµµA, WBµµµµB, WCµµµµC…)     eq 3-3 

 
This is also equivalent to the Boolean OR, where, µA is the membership value of map A, µB is the 
membership value of map B at a particular location, Wa is the weight factor of map A, Wb is the 
weight factor of map B. However, the output membership values are controlled by the maximum 
values of any of the input maps. 

 
Fuzzy Algebraic Product Suitability Index 

µµµµcombination � ∏
=

n

i
iiuW

1
       eq 3-4 

The combined fuzzy membership values tend to be very small due to the effect of multiplying 
several numbers less than 1. The output is always smaller than, or equal to, the smallest 
contributing membership value and is therefore “decreasive”, where, µi is the fuzzy membership 
function for i-th map, and i=1,2…n maps are to be combined, Wi is the weight factor of map i. 

 
Fuzzy Algebraic Sum Suitability Index 

µµµµcombination � 1 − ( )∏
=

−
n

i
iiW

1
1 µ        eq 3-5 

This operator is complementary to the algebraic product, wherein the result is always larger (or 
equal to) the largest contributing fuzzy membership value. The effect is therefore “increasive”, 
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where, µi is the fuzzy membership function for i-th map, and i=1,2…n maps are to be combined, 
Wi is the weight factor of map i. 
 
Combination of Fuzzy Algebraic Product and Fuzzy Algebraic Sum Suitability Index 

µµµµcombination � WA*µµµµA + WB*µµµµB + WC*µµµµC+… Wn*µµµµn  where �
=

=
n

1i
1W  eq 3-6 

With the fuzzy algebraic product and fuzzy algebraic sum, we respectively minimize and maximize 
the results. To avoid these extreme values, it is possible to apply the method of combination of 

fuzzy sum and product. In this case, µi is the sum of the different maps x (x=1, 2, …n) with fuzzy 
membership values in the range (0 to 1) multiplied by a weight factor (Wi), the sum of these factors 
(W1+W2+…+Wn) should be equal to 1 (Beek, 2000 citing Valenzuela, 1994). 

 
Fuzzy Gamma Operation Suitability Index 

µµµµcombination � (1 − ( )∏
=

−
n

i
iiW

1
1 µ )γγγγ ∗∗∗∗ ( ∏

=

n

i
iiuW

1
) γγγγ -  1   

eq 3-7 

Where, µi is the fuzzy membership function for i-th map, and i=1,2…n maps are to be combined, 

Wi is the weight factor of map i, and γ is a parameter chosen in the range (0,1) such that when γ is 

1, the combination is the same as the fuzzy algebraic sum; and when γ is 0, the combination 

equals the fuzzy algebraic product. The judicious choice of γ produces output values that ensure 
flexible compromise between the “increasive” tendencies of fuzzy algebraic sum and the 
“decreasive” effects of fuzzy algebraic product. For this operator, however, the problem lies in the 
judicious choice of the gamma operator. In assigning the gamma operator, an in-depth knowledge 
of the study area is needed.  

3.6 Fuzzy Sets based on Farmers’ Definitions  

Farmers in the study area generally describe the minimum land suitability requirements in terms of 
‘linguistic variables’. These include deep to medium deep soils, flat to gentle slopes, fine to 
moderately fine textured soils, etc. These linguistic variables are inherently ambiguous, vague and 
ambivalent. The existing datasets were retrofitted according to farmers’ definitions based on the 
datasets listed in Table 2-1. In order to assign FMGs to soil and slope variables based on farmers’ 
definitions, the pertinent spatial data at the field observation points were used to generate FMGs 
based in eq 3-1. 

3.6.1 Multi-class Fuzzy Sets 

Soil Depth  
According to the farmers, deep to medium deep soils are suitable for a certain crop. For paddy as 
an example, they define ‘medium deep’ soil to be at least two fists – with the thumbs outstretch. 
The farmers measure soil depth from the uppermost horizon only, which they consider as depth of 
tillage. Based on their definition, the minimum depth is around 25 cm. Given this, the minimum soil 
depth to be considered in translating this information to fuzzy sets is 25 cm (equated to α in eq 3-

1), while the optimum depth is about 125 cm (equated to γ in eq 3-1) and the cross-over value 

(equated to β in eq 3-1) is 75 cm. Based on these discrete translation of farmers’ definition of 
tillable soil depth and the soil depth data from the soil database, the resulting FMF is shown below. 
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The tabular comparison between farmers’ definition and that of the scientists is shown in Table 3-
5. 
  
MF grades for Soil Depth (D) 

Deep = D (d, 25, 75, 125);  
where: d = depth 

 α = 25 cm 

 β = 75 cm 

 γ  = 125 cm  
 
Soil Texture 
The farmers describe texture of the soil as ‘coarse’, ‘moderately fine’ and ‘fine’. Assigning 
membership grades for the three different textures in the “universe of soil ‘texture’”, proved to be 
quite difficult as there is no exact manner in translating their definitions as these are based on soil 
texture and water relations (a combination of permeability and moisture holding characteristics), 
information that is handed down from generations and visual observations. This was however, 
addressed by employing expert knowledge in determining the % clay content from the textural 
classes and comparing their definitions with it. Based on the % clay content, the FMGs were 
derived by using eq. 3-1, wherein the minimum clay content is at around 4%, 12% as the cross-
over value and the optimum at 20% for coarse definition in a truncated of asymmetric right curve; 
moderately fine definition at 4% as the minimum value at the lower limit and 30% as the minimum 
value in the upper limit, 12% & 38% as the left and right cross-over points, respectively; and 20% 
as maximum value at the lower limit and 46% as the maximum value in the upper limit, in a 
symmetrical curve, representing a true, normal convex curve; and, fine definition with 30% as the 
minimum value, 38% as the cross-over value and 46% as the optimum value in an asymmetrical 
left curve. The tabular comparison between farmers’ definition and that of the scientists is shown 
in Table 3-4.  
 
MF grades for Soil Texture (T) 

Coarse = 1 - T (c, 4, 12, 20); 
where: c = % clay 

 α = 4% clay 

 β = 12% clay 

 γ  = 20% clay 
 
 

Moderately fine = { 20); 12, 4, (mf, T
46); 38, 30, (mf, T - 1  

where: mf = % clay 

 α = 4% clay; 30% clay 

 β = 12% clay; 38% clay  

 γ  = 20% clay: 46% clay 
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Fine = T (f, 30, 38, 46); 
Where:  f = % clay 

 α = 30% clay 

 β = 38% clay  

 γ  = 46% clay 
 
 
Topographic Slope 
With regards to slope, farmers define the slope in terms of what is still “tillable” for them. Their 
definition is limited up to slopes where they said, “that stones will not roll down when these lands 
are tilled”. A translation of their definition meant that slopes of up to 25%, is still considered as 
tillable for them. However, it may be worthwhile to note that different types of soil and tilling 
practices produce an entirely different perspective/scenario when slope is considered as a major 
factor in defining their suitability. Going back to the farmers’ definition of slope, FMGs were 
derived using eq 3-1. Flat slopes are generally considered with the minimum at around 0.8% with 
the cross-over point at 5.4% and the optimum is at 10% with a right asymmetrical curve, while 
gentle slope is at 0.8% as the minimum value at the lower limit and 4% minimum value at the 
upper limit; 5.4% & 19% as the left and right cross-over points respectively; and 10% maximum 
value at the lower limit and 24% as the maximum value at the upper limit, in a normal convex 
symmetrical curve; and, moderate slope with minimum value at 14%, cross-over point at 19% and 
optimum is at 24% with an asymmetrical left curve. A cross-reference with Table 3-6 distinct 
farmers’ definition as against scientists’ definition. 
 
 
MF grades for Slope (S) 
Flat = 1 - S (fl, 0.8, 5.4, 10.0); 
where:  fl = % slope 

 α = 0.8% slope 

 β = 5.4% slope 

 γ  = 10.0% slope 
 
 
 

Gentle = { 10.0); 5.4, 0.8, (g, S
24); 19, 14, (g,  S- 1  

where:  g = % slope 

 α = 0.8% slope; 14% slope 

 β = 5.4% slope; 19% slope  

 γ  = 10.0% slope: 24% slope 
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Moderate = S (md, 14, 19, 24); 
Where:  md = % slope 

 α = 14% slope 

 β = 19% slope 

 γ  = 24% slope 
 
 

3.6.2 Binary Fuzzy Sets  

Generation of multi-class fuzzy sets based on cropping season and on farmers’ definition of soil 
color is quite complicated. It is because season and the way farmers perceive soil color are 
intrinsically binary (i.e., the season is ’this’ and not ‘that’). Hence, these variables were 
represented as binary fuzzy sets. 
 
Soil Color 
Farmers say, that ‘black’ or dark color soils (Nala Regadi) are more productive than ‘red’ or light 
color soils (Chalka). This information was validated when the researcher asked for the cost of an 
acre of land of different soil color. An acre of land, which has black soils would fetch around Rs 
50,000-60,000 (around Euro 1,000-1,200), while a plot of the same area but with red soils would 
only fetch Rs 35,000-45,000 (around Euro 700-900), indicating that soil color is treated as a 
premium in land valuation. Moreover, farmers say that black soils have higher water retention 
rates while red soils have higher infiltration rates, which the farmer explained further, that red soils 
would need more water, especially during dry seasons, by means of irrigation. Thus investments 
(e.g., irrigation) are needed in order these red soils can be more productive. 
 
Delineating which data (from the soils database) indicate dark or light color soils proved to be no 
easy task as only a few sample points were taken, owing to time constraints. Moreover, each 
farmer has his own perception of soil color, even with the aid of the Munsell soil color chart. A mix 
of both farmer responses and expert knowledge were employed to delineate which data indicate 
dark or light color soils based on Table 3-3. The expert knowledge employed are (a) dark-colored 
soils have higher organic content (derived from vegetation) than light-colored soils, (b) farmers 
only consider the surface layer which might indicate management of soils, hence good crop 
residue management means more organic content - dark soils, while light soils indicate poor 
management or possibly accelerated erosion and (c) based on the Utilitarian Soil Grouping for the 
study area (pers comm. Rossiter, 2002) 
 
In binary fuzzy set approach, for dark color soils, the data wherein such exist is assigned a FMG of 
0.95, considering that the “possibility” of full belongingness to a set exists. Other data were 
assigned a FMG of 0.015, indicating the “possibility” of least belongingness to a set exists. 
Similarly, for light color soils, the data wherein this exist is assigned a FMG of 0.95, while other 
data were assigned a FMG of 0.015. Fuzzy membership values of 1 and 0 were not assigned 
because one could never be certain that an area is totally suitable or totally unsuitable, 
respectively – based on soil color. The fuzzy membership values assigned reflect some degree of 
uncertainty in modeling the FK with respect to soil color. 
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dark-color soils =  0.95     light-color soils =  0.95 
not dark-color soils = 0.015     not light-color soils = 0.015 
 
 
 
 
 
 
 
 
Cropping Season 
As with soil color, identifying data according to cropping season also followed the same approach. 
This information was culled out from the land use database of the study area, wherein information 
on what areas are suitable for which cropping season is available and compared with Table 3-2. 
However, for the cropping season, rather than two variables (e.g, dark and light color soils), three 
variables were considered. These are Kharif cropping season, Kharif+Rabi cropping season and, 
Rabi cropping season. In identifying the areas, questions were are asked about the seasons 
during the fieldwork and validated with the land use map of the study area. In binary fuzzy set 
approach, areas identified for Kharif season crops were assigned a FMG of 0.95, while other 
areas were assigned a FMG of 0.015. This was also followed for the Kharif+Rabi and Rabi 
cropping seasons. The rationale for assigning these values is similar to that of soil color, wherein 
one could never be certain that an area is totally suitable or totally unsuitable, respectively, for 
growing crops during a particular season. 
 
Kharif = 0.95       Kharif+Rabi = 0.95   
not Kharif = 0.015      not Kharif+Rabi = 0.015  
 
 
 
 
 
 
 
 
 
 

Rabi = 0.95 
not Rabi = 0.015 

 
 
 
 
 

light 
soils 

not light 
soils 

0 

0.5 

1.0 

dark 
soils 

not dark 
soils 

0 

0.5 

1.0 

Kharif not 
Kharif 

0 

0.5 

1.0 

Kharif+Rabi not  
Kharif+Rabi 

0 

0.5 

1.0 

Rabi not  
Rabi 

0 

0.5 

1.0 
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3.6.3 Multi-factor weighting of Fuzzy Sets 

The degree of importance of a land characteristic on land suitability can be expressed by a weight 
factor (Banai, 1993; Tang & van Ranst, 1993). This weight factor can either be calculated by the 
fuzzy relation model  (Tang & Van Ranst, 1993) or by multiple linear regression technique (Tang & 
van Ranst, 1993 citing Deng et. al., 1986) or derived by the empirical values. There may be other 
approaches (e.g., expected value method and pair-wise comparison method, etc) in determining 
the respective weights of each factor, doing so may not really be along the lines of how farmers 
view their land, hence, the direct assessment method is applied. In his study, Zurayk (2001) noted 
that farmers in Aarsal, Lebanon consider soil depth and soil color as important descriptors in land 
assessment. As such, land characteristics, which farmers consider as an important factor, could 
be assigned weights when these factors will be integrated in land assessment.  
 
Similarly, the decision tree could be validated based on the derived weights. This is to ensure the 
logical relationships of the hierarchy. For this study however, only the four factors were weighted, 
as season is the most dominant factor and decisions are hinged on this pre-condition. Farmers in 
the study area were asked which among the four factors do they consider the most important in 
determining crop suitability on a scale of 1 to 4, 1 being the most important factor while 4, the least 
important factor. Table 3-8 is the summary of responses. 
 

Table 3-8 Summary of Farmers’ ranking of Factors 
  

color texture depth slope 

Ethonda 2 1 3 4 

Karegoan 1 2 3 4 

Chikatpalle 1 2 3 4 

Rampur 3 1 2 4 

Kodcherla 1 2 3 4 

Mylaram 1 2 3 4 

Keroor 1 2 3 4 

Mainoor 1 3 2 4 

Rajola 2 1 3 4 

Padampalle 1 2 3 4 

Pedda Ghulla 4 2 1 3 

Siddapur (Jukkal) 1 2 3 4 

Siddapur (Pitlam) 1 2 3 4 

Potheredipalle 2 1 3 4 

 
By cursory evaluation alone, it could be deducted that soil color plays an important factor on 
farmers’ decisions, followed by soil texture, soil depth, and slope. The order of the columns in 
Table 3-8 bears no influence on the responses.  
 
Assigning a corresponding value to the ranking in Table 3-8 (e.g., 1=10, 2=7.5, 3=5, 4=2.5), a 
corresponding weight per factor was derived. Table 3-9 shows the summary of weights for the 
different factors.  
 
 

Factor 
Villages 
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Table 3-9 Weight Matrix 
Factor Total points (W) Weights 

Color  120.00 0.3429 
Texture 112.50 0.3214 
Depth 77.50 0.2214 
Slope 40.00 0.1143 

Total 350.00 1.0000 

3.7 Discussion 

While problems in semantics between farmers’ definition and scientists’ definition arose due to the 
linguistic variables used by the farmers, extending the farmers’ definition to a fuzzy definition 
addressed this concern. The translation of farmers’ definition with reference to scientists’ definition 
of season, soil units and topographic slope units are presented in Tables 3-2 – 3-6. Based on 
these translations, farmers’ ‘world views’ were transcribed in terms of discreet numbers. 
Compared to Boolean sets, which defines full membership or none at all, Fuzzy Sets, which 
essentially depend on the same scale of numerical values, assign partial memberships. These 
partial memberships or fuzzy membership grades (FMGs), derived from the membership function 
(MF), are illustrated in Section 3.6. Consequently, the FK-rules for the different factors while may 
be simplistic, easily adapted to the scientific soil and topographic slope units with the use of Fuzzy 
Logic approach, be it exploratory.  
 
In the translation process however, inadequacies of the knowledge acquisition process should be 
acknowledged. Village-immersion methodologies could have been employed, wherein the 
knowledge engineer first has to get the confidence and trust of the locals, to better extract FK. 
Along these lines, a better understanding of how local knowledge and their cognitive mapping of 
the resources around them, influencing their decisions in agriculture, are applied in their daily life 
could have been obtained. However, a village-immersion approach was not possible because of 
time constraints in this research. 

3.8 Concluding Remarks 

This chapter highlighted the knowledge acquisition process and presented FK as a knowledge 
base. The primary distinction between FK and scientific knowledge is that FK are normally 
imprecise and ambiguous definitions, while scientific knowledge is strictly defined based on 
imposed classes. The heuristics employed by the farmers were presented as knowledge rules or 
knowledge bases. Translating these imprecise and ambiguous definitions necessitates the use of 
fuzzy logic approaches, after all, it sounds useful to treat ‘blunt data with blunt tools’.  
 
The translation of the Farmers’ definitions into fuzzy sets thru the fuzzy membership function was 
illustrated as binary fuzzy sets and multi-class fuzzy sets. With the use of the fuzzy rule-based 
inference procedure and the multi-factor weighting of the fuzzy sets, FK can now then be modeled.  
In the next chapter, modeling FK in a GIS will be discussed.  
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4 SYSTEMS DESIGN 

4.1 Introduction 

Conventionally, geographical information is portrayed spatially in cartographic forms known as 
thematic maps. A thematic map portrays spatial entities such as points, lines and areas, which are 
defined both by their location in space and by their non-spatial descriptions (Burrough, 1989b). 
Traditionally, linkages between spatial entities and their non-spatial attributes are based on the 
membership concept of classical set theory – that is, an entity either has an attribute entirely or 
does not have such an attribute at all. No third situation is allowed. This traditional representation 
of spatial entities in many GIS researches and applications is inadequate for real complex 
situations in which spatial entities are described by linguistic variables. Because of the ambiguity or 
‘fuzziness’ of linguistic characterization of certain spatial entities, the application of the fuzzy set 
theory can provide a more adequate representation of certain geographical information (Wang, 
Hall, & Subaryono, 1990). In a fuzzy representation, spatial entities can be defined as fuzzy sets 
consisting of spatial sub-entities (or set elements), which are either full-, partial- or non-members 
of a fuzzy set. The degree of membership of spatial sub-entities in a spatial entity is described by a 
fuzzy relational model, which improves representation of information in a GIS. The generated 
FMFs based on farmers’ definition in the previous chapter now allow organization of spatial data 
available to this research. This chapter focuses on data modeling (organization) based on 
information analysis and process modeling (Chapter 3) in order to generate fuzzy thematic factor 
maps for LUP.  

4.2 Data Modeling 

A data model is basically a set of formal languages describing data structures and operations. The 
fundamental requirement of a data model is that it should be sufficiently organized so that the 
information of interest can be represented and processed properly. For most GIS applications it is 
of prime importance that the data about the terrain are described on themes. Thematic 
descriptions of classifications allow data to be organized for efficient data querying and processing.  

4.2.1 GIS Schema Definition 

A major task in GIS database design is defining a schema (Wang et al., 1990). A schema 
represents the overall data structure and specifies the boundary of an application. A schema 
consists of a definition of all application entity types, including their attributes and relationships. In 
short, a schema identifies which data items should be stored and determines how best to organize 
them. A schema is defined by applying the abstraction method of classification, aggregation and 
generalization to the real world entities and their relationships. Classification associates an entity 
with its generic type(s), aggregation constructs an entity from its components or parts, and 
generalization relates a spatial entity type to more generic ones.  
 
The fundamental objective of defining a GIS schema is to construct a conceptual view of thematic 
maps. This objective requires that a GIS database schema, should be defined by the following 
entity types: 
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1) Basic spatial entity types: POINT, LINE and AREA. A specific point, line or area is an 
occurrence of the entity types. Descriptions of a spatial entity can be defined as attributes. 

2) Object entity types, which spatial entity types represent. A group of object entity types 
should be defined according to users’ requirements.  

3) Event entity types, which are related with objects. A GIS is usually required to record 
events, which occur at certain objects. Events can be defined as entity types and 
associated with the relevant object entity types by relationships. 

4.2.2 The Relational Data Model 

In defining a schema, a data model is required to represent entity and relationship types (Wang et 
al., 1990). The relational data model is one of the most popular models for database design and 
implementation. In a relational data model, the fundamental concepts for defining a data structure 
are the set and relation. A set is any collection of objects that is identified by a membership 
condition. Given a collection of n sets S1, S2, …, Sn, a relation R(S1, S2,…, Sn) between these n sets is 
defined as a subset of the Cartesian product of the n sets (Wang et al., 1990): 
 

R ← S1 × S2 × … × Sn 
 
in which t ∈ R(S1, S2,…, Sn) is called a tuple of R, and n is the degree of R. 
 
In a database application, there exists a group of atomic unit types from which more complex 
objects and events can be aggregated. Complex objects and events can be further aggregated to 
form a schema. In a relational model, a database schema is represented as a collection of 
relations, which correspond to object/event or relationship types. Tuples or a relation is stored as a 
table. The result of any retrieval or query by means of operations such as union, intersection, join, 
projection, etc. is a table derived from tables already in the database.  

4.2.3 A Fuzzy Relational Data Model 

To apply the fuzzy set theory for representing and processing geographical information, the above 
definition of a relation needs to be extended to a fuzzy relation. If X is the Cartesian product of n 
universes X1, X2, …. Xn, then an n-ary fuzzy relation, R, in X, is a fuzzy subset of X. and R may be 
expressed as (Wang et al., 1990) 

R = �
×× n

nnR

xx
xxxxf

...1

11 ),.../(),...,(  

where fR is the membership function of R, xi ∈ Xi(i=1,2,…n), and x = (x1,…,xn) is a tuple of R. (Note 
that ‘/’ does not denote division operation.) This is denoted in table form in the following:  
 
Conceptually, each row in the table 
consists of an n-tuple plus a membership 
grade. The value of fR(x) denotes the 
degree of compatibility of x with R, that is, 
the extent to which x belongs to R. When 
R is thought of as a predicate where x1, …, xn are variables, fR(x) can be interpreted as the degree to 
which R(x) is TRUE, that is, the truth value of R(x). In contrast to data manipulation in a 

X1 X2 … Xn fR 
. . … . . 
. . … . . 

x1 x2 … xn fR(x1, …,xn) 
. . … . . 
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conventional relational database, a manipulation in a fuzzy database associates a membership 
grade to a tuple derived.  
 
A fuzzy relational data model can be easily implemented in a conventional relational DBMS or in 
GIS software that supports relational DBMS by viewing the membership grades as domains of 
relations. Operations for determining new membership grades mainly involve taking maximum or 
minimum values, which are supported by most programming systems. The concept of the fuzzy 
relational model developed in this research is illustrated in Figure 4-1 (an example for fine - soil 
texture), wherein tuple ni contains a membership grade fR(x);nx to Rx that is linked to relation Ri. 
 
 

 
  
 
 
 
 

Figure 4-1 Fuzzy Relational Data Model 
 
 

4.3 Data Modeling based on FK  

In applying FK to data modeling, a reliable GIS schema can result from a sufficient understanding 
of one’s terminology. This can be achieved by providing a consistent set of concepts and use well-
defined terms. In addition, visual components often make understanding of one’s concept easier 
(Hawryszkiewycz, 1998). 
 
There are differences between farmers’ and soil scientists’ descriptions of the same object or 
factors important in determining land suitability. On one hand, soil scientists identify landscape 
facets. A facet is a homogenous zone where soil-forming processes are considered the same 
(using profiles from observation pits). Aside from the history (genesis) of the soil, its future is also 
described in terms of fertility and sensitivity or susceptibility to occurring processes (e.g., erosion) 
at the time of a survey. On the other hand, farmers have longer periods observation (passed on for 
generations) and constantly monitor fertility (as their prime concern) in terms of production yields, 
but are not necessarily aware of the ongoing soil processes. These differences between both 
‘world views’ of farmers and soil scientists need to be reconciled in one context (Gonzalez, 1994).  

 
As such, in Chapter 3, FK criteria for soil classification were articulated with those of the scientists 
in order to come up with an approximation of the farmers’ ‘world view’. The FK on soil and 
landscape formation can be translated into soil and slope classes based on scientists’ definition. 
This allows a translation (and thus understanding) of the farmers’ definition of objects – a context 
transformation as illustrated in Figure 4-2. 
 
 
 

SOIL_ID VILL_ID SOIL_CODE ORDER SB_ORDER 
 2 90 1105051312010560 Vertisols Usterts 
3 91 0405051007070550 Entisols Orthents 
4 92 0604051808070558 Inseptisols Ochrepts 
. . . .  
. . . .  

11 132 0103081703070554 Alfisols Ustalfs 

2 Fine  0.875 
3 Coarse  0.015 
4 Coarse  0.015 
. .  . 
. .  . 
11 Fine  0.875 

Relation Rx 
SOIL_ID FZ_MBR FRMR_TX 

nx 

fR(x) 

Relation Ri ni 
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Figure 4-2 User’s Context in Object Definition (adopted and modified from Gonzalez, 1994) 

4.3.1 Conceptual Data Model based on FK  

Before a conceptual data model can be drawn-up, a review, evaluation and validation of the 
existing database (e.g., soil database, slope database, land use database, village database, 
mandal database, LRDP database, etc) were undertaken. Essentially, these included (a) the 
updating of the fields (attributes) for the soil and slope databases, (b) generating unique fields - so 
that the database could be applied in a relational database management systems (RDBMS), (c) 
merging of polygons (in the case of the mandal database), and (d) re-classifying existing classes 
according to the scientists’ definition as illustrated in Tables 3-2 to 3-6. All these operations were 
performed using ESRI ArcView GIS software.  
 
Having structured the databases, the design of a conceptual model followed. The conceptual data 
model (Figure 4-3) shows the relevant spatial features and how they will be represented in a 
database in terms of geometric primitives (in this particular case, polygons).  
 
 
 
 
 
 
 
 
 
 
 
 

CONTEXT 1 
(Farmers) 

CONTEXT 2 
(Soil Scientists) 

CONTEXT 3 
(LRDP) 

Superclass LANDSCAPE 

 
Class LAND FORM 

Superclass AGRICULTURE 

 
Class HORTICULTURE 

Superclass etc. 

 
Superclass FAMILY 

 
Superclass POLYPEDON 

 
Class  PEDON 

LANDSCAPE FORM LANDSCAPE FACET LANDUSE UNIT 
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Figure 4-3 The Conceptual Data Model 
 
The supporting explanations of the conceptual data model are found in Table 4-1 and Table 4-2.  
 

Table 4-1 Identified Spatial Features 

Feature Definition Geometric Feature 

Soil Data Smallest unit of soil area 
delineated by scientists to be of 
homogenous properties 

Polygon 

Slope Data Smallest unit of slope area 
delineated by scientists to be of 
homogenous properties 

Polygon 

Land Use Types Smallest unit of land use area 
by types delineated by scientists 
to be of homogenous properties 

Polygon  

LRDP Smallest unit of LRDP area by 
types delineated by scientists to 
be of homogenous properties 

Polygon 

Physical 
Characteristics 

Smallest unit of other basic data 
such a geomorphology, canals, 
roads, rails, watershed, etc, 

Lines and 
Polygons 

 

A B 

A B 

A B 

One is to One 

One is to Many 

Many is to Many 

 Village 

District 

 Mandals 

Belong to 

Demographic 
data 

Has 

Belong to 

Has 

FK 
Crop Suitability 
Classification 

Is based on 

LRDP 
Is based on 

Land Use 
Types 

Has 

Has Physical 
characteristics 

Has 

Is part of 

Has 

Slope Data   Crop  
Calendar  

 

 FK 
Soil Color 

 FK Soil 
Texture 

 FK 
Soil Depth 

FK Slope 
Is part of 

 Soil Data 

Has 
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Table 4-2 Non-Spatial Entities 

Feature Definition 

Demographic Data Population related data 
No. of households, etc. 

FK Flat Slope FK definition of flat slope 
FK Gentle Slope FK definition of gentle slope 
FK Moderate Slope FK definition of moderate slope 
FK Soil Depth FK definition of soil depth 
FK Coarse Soil Texture  FK definition of coarse soil texture 
FK Moderately Fine Soil Texture FK definition of moderately fine soil texture 
FK Fine Soil Texture FK definition of fine soil texture 
FK Soil Color FK definition of soil color 
Crop Calendar FK definition of season  
FK Crop Suitability Classification FK Crop Suitability Classes 

4.3.2 Implementation of FK-based Conceptual Data Model 

The formulated conceptual model is implemented in a physical database model or structure using 
MS Access. This involves normalization of the Entity-Relationship Diagram (ERD) and description 
of the skeleton tables. Normalization involves: 

 

• Eliminating repeating groups 
• Checking that all attributes depend on their (single or composite identifier) 
• Checking that there is no dependency between attributes 
• Checking that there is no hidden dependency between attributes 

 

To set up the physical model, Enterprise Rules need to be derived. The following rules govern the 
physical model design: 

 
1. A Mandal can have many villages. 
2. A village must belong only to one Mandal. 
3. A village can have many demographic data. 
4. A village can have many land-use types. 
5. A village can have many slope data. 
6. A village can have many soil data. 
7. A village can have many physical facilities. 
8. A village can have many FK land use type classification. 
9. A FK crop suitability classification type is based on soil color. 
10. A FK crop suitability classification type is based on soil depth. 
11. A FK crop suitability classification type is based on soil texture. 
12. A FK crop suitability classification type is based on season.  
13. A FK crop suitability classification type is based on slope data. 
14. A village can have an LRDP. 
15. FK soil color is part of the soil data. 
16. FK soil texture is part of the soil data. 
17. FK soil depth is part of the soil data. 
18. FK slope is part of the slope data. 
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Physical modeling involves specifying the relational schema, through which, the conceptual model 
is mapped onto a relational instance. After defining the entities, their relations together with the 
attributes and domains were transformed into the ERD using MS Access DBMS as shown in the 
following skeleton tables. Skeleton tables are used to represent the structure of a real table. The 
tables indicate the elements to describe each entity, the key identifier (underscored) and the 
posted identifier (italics). Skeleton tables are used to guide the creation of the physical model.  
 

Entity Table Name Attributes 
Mandal mndl_sa MNAME, AREA, PERIMETER, MNDL_ID 
Village vill_sa VNAME, VILL_ID, MNDL_ID, HABCODE, etc. 
LRDP lrdp_vll LRDP_PRESCRI, LRDP_CODE, LRDP_ID, VILL_ID 
FK Crop Suitability 
Classification  

FLU_class FLU_ID, VILL_ID, Suit_Code 

Demographic Data AP-18UC CODE, NAME 
Look-up Table AP-18UD LOC_CODE, RES_HOUSE, HOUSEHOLDS, T_POPLN, etc. 

Demographic Data  AP-18VC CODE, CODE81, NAME 
Look-up Table AP-18VD LOC_CODE, RES_HOUSE, HOUSEHOLDS, T_POPLN, etc. 

Demographic data mndl_dm MNDL_ID, MANDAL, LIT_MALE, LIT_FEM, RURAL_POP, etc. 
Land Use lu_vill LU_CODE, LU_ID, DISCR_L1, DISCR_L2, DISCR_L3, DISCR_L4, 

etc.  
Look_up Table kharif LU_ID, K_VALUE 
Look_up Table kh_rabi LU_ID, KR_VALUE 
Look_up Table rabi LU_ID, R_VALUE 

Slope uslo_vil AREA, PERIMETER, FLU_ID, SLOPE_ID, SLP_CODE, SLOPE, etc.  
Look_up Table mf_flat SLOPE_ID, FK_FLAT, FZ_MBR 
Look_up Table mf_gentle SLOPE_ID, FK_GENTLE, FZ_MBR 
Look_up Table mf_mdrte  SLOPE_ID, FK_MODRTE, FZ_MBR 

Soil usol_vil AREA, PERIMETER, SOIL_ID, FLU_ID, SOIL_CODE, ORDER, etc. 
Look-up Table chlka SOIL_ID, FMR_COLOR, CLR_CODE 
Look-up Table nla_reg SOIL_ID, FMR_COLOR, CLR_CODE 
Look-up Table mf_fine SOIL_ID, FRMR_TX, FZ_MBR 
Look-up Table mf_crs SOIL_ID, FRMR_TX, FZ_MBR 
Look-up Table mf_mdfin SOIL_ID, FRMR_TX, FZ_MBR 
Look-up Table mf_depth SOIL_ID, DEPTH, FZ_MBR 

 
Having derived the skeleton tables, logical relationships were then established. The ERD in Figure 
4-4 maps the logical relationships of both spatial and thematic attributes. 
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Figure 4-4 E-R Diagram  
 
Inasmuch as the map extent of the study area comprises only 6 Mandals (Section 2.5), the clip 
operation in ESRI ArcView GeoProcessing Wizard (which is an ArcView extension software) was 
used to cut out a piece of one theme using another theme as its extent. The clipping theme 
(vill_sa) is used as the "cookie cutter" to clip the extent of the maps in Table 4-1 (as the input 
themes). The FMFs defined in the previous chapter are translated into spatial entities as 
discussed in Section 4.2.3. The membership grades that were derived using eq 3-1 were linked 
via ESRI ArcView SQL Connect to spatial entities in Table 4.1 by means of the unique identifier 
which were discussed in Section 4.3.2. Figure 4-5 shows the general flow of linking the spatial 
and thematic data, which allows generation of FK fuzzy thematic factor maps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4-5 Illustrative example of Spatial and Thematic Data Relationships 

unique identifier 
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Fuzzy deep 

4.4 Fuzzy Thematic Factor Maps based on FK 

4.4.1 Multi-class Fuzzy Thematic Factor Maps 

Soil Depth 
The membership grades (mf_depth) were 
linked by means of the unique identifier 
(key) with the soil database (usol_vil) 
(Figure 4-6).  

 
 
 
 
 
 

Figure 4-6 FK Fuzzy Soil Depth Map 
Soil Texture  
Similarly, the membership grades (i.e., mf_crs, mf_mdfin, mf_fine) were linked by means of the 
unique identifier (key) with the soil database (usol_vil). The overlapping subsets of coarse, 
moderately fine and fine are within the universe of soil texture. Each subset indicates the degree 
of “belongingness” to the class (e.g., coarse, moderately fine and fine) (Figure 4-7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-7 FK Fuzzy Soil Texture Map 
 
Slope 
The membership grades (i.e., mf_flat, mf_gentle, mf_mderte) were likewise linked by means of the 
unique identifier (key) with the slope database (uslo_vil). The overlapping subsets of flat, gentle 

Fuzzy coarse texture Fuzzy moderately 
fine texture 

Fuzzy fine texture 
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and moderate are within the universe of slope. Each subset indicates the degree of 
“belongingness” to the class (e.g., flat, gentle and moderate) (Figure 4-8). 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4-8 FK Fuzzy Topographic Slope Map 

4.4.2 Binary Fuzzy Thematic Factor Maps  

Cropping Season  
In the same way, a unique identifier linked the thematic data kharif with the spatial data lu_vill and 
is shown in Figure 4-9 A.. The same also follows for Kharif+Rabi (kh_rabi) in Figure 4-9 B. and 
Rabi (rabi) Figure 4-9 C., being linked to lu_vill. 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
Figure 4-9 A. FK Binary Fuzzy Kharif Map; B. FK Binary Fuzzy Kharif+Rabi Map; C. FK Binary Fuzzy 
Rabi Map 

Rabi not Rabi 
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Kharif not Kharif 
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Soil Color 
A unique identifier linked the thematic data nla_reg and chlka with the spatial data usol_vil (Figure 
4-10 A. and Figure 4-10 B.)  
 
 
 
 
 
 
 
 

Figure 4-10 A. FK Fuzzy Binary Nala Regadi Map; B. FK Fuzzy Binary Chalka Map 

4.5 Discussion 

The depiction of the multi-class fuzzy sets and binary fuzzy sets to multi-class fuzzy thematic 
factor maps and binary fuzzy thematic factor maps, respectively, (Figures 4-6 – 4-10) was 
generated by linking the FMGs to the soil, land use and slope spatial data sets. This was done 
thru the fuzzy relational data model. In an information system however, when developing the fuzzy 
relational data model, as in any relational data model, normalization must always be undertaken to 
ascertain that the generated datasets can be linked with the other succeeding data sets. Defining 
the primary key, which would provide the link between the thematic data (fuzzy sets) with the 
spatial data (soil, land use and slope polygons), should take into consideration that it should be 
unique for every instance it will be linked with the polygons. As such, while there is only one soil 
polygon map, three fuzzy soil texture maps were generated according to the multi-class fuzzy set 
for texture (the same also applies for slope). A certain limitation can be identified with this 
approach, wherein if there are a limited number of polygons, similarly, the fuzzy representation will 
not be that many. In such cases expert knowledge can be employed. The expert knowledge will 
solely depend on how the FMGs will be assigned, hence the fuzzy relational data model may not 
aptly be appropriate to use (as inputting the FMGs could be done manually in any GIS software). 

4.6 Concluding Remarks 

This chapter presented how FK was modeled thru the fuzzy relational data model in an information 
system. Based on this, FK binary and multi-class fuzzy thematic factor maps were derived. These 
maps illustrate that when modeling FK or knowledge, an integral part of modeling is to know how 
information can be derived from existing datasets and its application in a GIS. In the subsequent 
chapter, the integration of the different FK fuzzy thematic factor maps in an information system will 
constitute the FK-based crop suitability maps. But, what do these FK-based maps signify? Hence, 
the succeeding chapter likewise presents how the FK-based maps contrast with the land 
cover/use map, but more importantly, how does it acquiesce with the LRDP. 
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5 INTEGRATION OF FK IN A GIS 

5.1 Introduction 

Land suitability classification is the appraisal and grouping of specific land areas, either in their 
original conditions or after improvements, in terms of their fitness for defined uses (FAO, 1981). 
 
The need to assess suitability of land for specific agricultural commodities is as old as man’s need 
for food. Since time immemorial, farmers continuously assess and decide on the suitability of their 
land for certain crops. Throughout the modern era, land suitability classifications have always been 
a prime requisite for land use planning and development. However, an integral factor that is often 
not considered in many LUP is how the actual users’ view suitability of the land: hence, this 
chapter. 

5.2 FK Crop Suitability Classification 

Determining the farmers’ crop suitability classes primarily depends on the knowledge rules as 
highlighted in Table 3-7. Rule-based processing ‘mimics’ human intelligence in learning, object 
recognition, natural language understanding and a variety of activities (Zheng & Kainz, 1998).  
 
In Sections 1.2.2.3 and 1.4.1, it was argued that “linguistic variables” cannot be fully 
accommodated in GIS-based land suitability classification by utilizing Boolean approaches. This 
argument is validated here by comparing and contrasting results of classifications based on a 
Boolean Logic approach and on a Fuzzy Logic approach.  

5.2.1 Boolean Logic Approach  

There are two possible translations of the Farmers' Rule 1 (Table 3-7) into a Boolean Rule:  
 

(1) Considering Farmers' Rule 1 as one hypothesis; 
 

IF Cropping Season is Kharif AND Soil Color is Nala Regadi OR Soil Texture is Fine to 
Moderately Fine OR Depth is Medium Deep to Deep OR Slope is Flat to Gentle, THEN 
Suitable for Paddy, Pulses, Vegetables, Groundnuts; and 
 

(2) Consider Farmers' Rule 1 as two intermediate hypotheses; 
 

IF Cropping Season is Kharif AND IF Soil Color is Nala Regadi OR Soil Texture is Fine to 
Moderately Fine OR Depth is Medium Deep to Deep OR Slope is Flat to Gentle, THEN 
Suitable for Paddy, Pulses, Vegetables, Groundnuts.�

 
While both translations sufficiently transcribe Farmers’ Rule 1 into a Boolean Rule, the complexity 
in translating ‘linguistic rules’ to logical rules is not exactly straightforward. However, using the 
decision tree framework (Section 3.4.4) as a validating mechanism to ensure the logical sequence 
of beliefs, translation (2) aptly translates Rule 1 into a Boolean Rule.  Nevertheless, to illustrate the 
complexity of the translation, the following is presented:  
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Translation (1) indicates that in the premise part (IF, AND and OR conditions), the AND (logical 
intersection) and OR (logical union) would only be applied if the IF part has been satisfied. 
However, the OR operator would supersede the AND (logical intersection), before the application 
of the conclusion part (THEN), thus the outcome would yield more ‘truth values’ based on the OR 
operator.  
 
In translation (2), the AND IF in the premise part (IF, AND IF and OR conditions) corroborates that 
the OR operator will only be applied if the preceding arguments (e.g. IF, AND IF) has been 
satisfied, before applying the conclusion part (THEN), thus, a sieving process is done before the 
application of the OR conditions. 
 
In order to establish the suitability factors and then generate reclassified factor maps, the soil map 
(usol_vil) was “crossed” with the slope map (uslo_vil) and with the land use map (lu_vill). This was 
done using the union overlay function of ArcView. The suitability classes are determined based 
on the factors listed in Table 5-1 which was culled-out from Rule 1 (Table 3-7) and guided by the 
minimum land suitability requirements as defined by the farmers (Section 3.6).  
 

Table 5-1 Suitability Classes based on the Factors 

Factor Rating 
Factors 

Most Suitable Suitable Moderately Suitable Least Suitable 

Cropping Season Kharif Kharif Kharif Kharif 

Soil Color Dark Soils Dark Soils Dark Soils Dark Soils 

Texture (% clay) > 30 20 – 30 10 - 20 < 10 

Depth (cm) > 100 50 – 100 25 – 50 < 25 

Slope (%) 0 – 3 3 – 5 5 –10 10 – 15 

 
Using the Query Builder of ArcView, the following are the query syntaxes used to generate the 
Boolean Suitability Maps following Translation (1).  
 

Most Suitable =  
(([Discr_l3] = "Kharif") and ([Fmr_color] = "dark soils") or ([Clay_per] > 30) or ([Soil_depth] > 
100) or ([Slope_id] = 1) or ([Slope_id] = 2 )) 
 
Suitable =   
((([Discr_l3] = "Kharif") and ([Fmr_color] = "dark soils") or (([Clay_per] > 20) and ([Clay_per] < 
30)) or (([Soil_depth] > 50) and ([Soil_depth] < 100)) or ([Slope_id] = 3))) 
 
Moderately Suitable =  
((([Discr_l3] = "Kharif") and ([Fmr_color] = "dark soils") or (([Clay_per] > 10) and ([Clay_per] < 
20)) or (([Soil_depth] > 25) and ([Soil_depth] < 50)) or ([Slope_id] = 4))) 
 
Least Suitable =  
((([Discr_l3] = "Kharif") and ([Fmr_color] = "dark soils") or (([Clay_per] < 10) or ([Soil_depth] < 
25) or ([Slope_id] > 4)) 
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For Translation (2), a different approach was done inasmuch as the IF condition (in the premise 
part) must be satisfied first before the execution of the succeeding arguments. Hence, Kharif Crop 
areas were first delineated (thru a query in Query Builder of ArcView, then converting the same 
to a shapefile), before the conclusion part was carried out.  
 
Query in delineating the Kharif Crop Areas 
([Discr_l3] = "Kharif") 
 
In applying the conclusion part, the following query syntaxes in Query Builder of ArcView were 
used:  
 

Most Suitable =  
(([Fmr_color] = "dark soils") or ([Clay_per] > 30) or ([Soil_depth] > 100) or ([Slope_id] = 1) or 
([Slope_id] = 2 )) 
 
Suitable =   
(([Fmr_color] = "dark soils") or (([Clay_per] > 20) and ([Clay_per] < 30)) or (([Soil_depth] > 50) 
and ([Soil_depth] < 100)) or ([Slope_id] = 3)) 
 
Moderately Suitable =  
(([Fmr_color] = "dark soils") or (([Clay_per] > 10) and ([Clay_per] < 20)) or (([Soil_depth] > 25) 
and ([Soil_depth] < 50)) or ([Slope_id] = 4)) 
 
Least Suitable =  
(([Fmr_color] = "dark soils") or (([Clay_per] < 20) or ([Soil_depth] < 25) or ([Slope_id] > 4)) 

 
where: 

Discr_l3 = level 3 description of the land cover map (lu_vill) delineating the Kharif areas 
Fmr_color = Farmers’ definition of soil color as delineated in the soil map usol_vil 
Clay_per = clay percentage as delineated in the soil map usol_vil 
Soil_depth = depth of soil (top horizon) as delineated in the soil map (usol_vil) 
Slope_id = slope identifier in terms of percent slope (e.g., 1=0-1%; 2=1-3%; 3=3-5%; 4=5-

10%; 5=10-15%; 6=15-35%; 7=35-50%) based on the slope map uslo_vil 
 
A tabular representation of the areal extent for the output maps was not considered, as cursory 
visualization alone is already sufficient to realize that utilizing the Boolean Approaches does not 
allow enough flexibility to accommodate ‘linguistic rules’. In Figure 5-1 A., for the Boolean AND 
operator, the condition must hold ‘true’ in order the outcome will yield truth values, on the other 
hand, for the OR operator, if one condition holds ‘true’, the outcome will also hold true. Thus, while 
there are only small areas which are Kharif crop areas AND dark color soils, the OR operator that 
follows for soil texture, soil depth and slope, will yield truth values even if only one condition (or 
factor) will hold true, which explains for the large portion of ‘Most Suitable’ areas.  
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Figure 5-1. shows the Boolean FK maps of Rule 1 based on Translation 1 and Translation 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-1 Boolean FK Maps: A. Based on Translation (1); B. Based on Translation (2)  
 
In Figure 5-1 B., with the delineation of Kharif Crop areas, areas that are not Kharif Crop areas 
are immediately excluded in the output map, thus only rendering polygons of factors (soil color, 
soil texture, soil depth and slope) that are within the Kharif Crop areas.  

5.2.2 Fuzzy Logic Approach 

In a fuzzy rule system, a normal fuzzy rule can be described as (Zheng & Kainz, 1998):  
 
r1 : if (x1 is L1

1 Θ…Θ is Ln
1) then y is B1  eq 5-1 

 
where L denotes linguistic terms, (x1, x2, … xn) are rule variables, Θ represents the linguistic 
conjunction: AND or OR, y is the output variable, B is the control linguistic terms or crisp values.  
 
As example, substituting Rule 1 (from Table 3-7) in eq 5-1, the normal fuzzy rule is obtained: 
 
r1: IF the season is Kharif AND soil color is Nala Regadi OR Texture is Fine to Moderately Fine OR 

Depth is Medium Deep to Deep OR Slope is Flat to Gentle, THEN it is suitable for Paddy or 
Pulses or Vegetables or Groundnuts 

 
The fuzzy rule system based on farmers’ ‘linguistic rules’, naturally dictates a combined application 
of the fuzzy AND and fuzzy OR operators and rules out application of the other fuzzy operators in 
the integration of the fuzzy thematic maps. However, the words AND and OR in ‘Telugu’ (local 
dialect) may not strictly be the same as the fuzzy AND and fuzzy OR. This suggests the need to 
apply and validate results of application of other fuzzy operators. The application of only the fuzzy 
AND and only the fuzzy OR were not considered because the farmer-based rules are breached 
obviously. The application of the fuzzy Algebraic Product, because of its ‘decreasive’ effects 
(Section 3.5.3) would result in mostly ‘least suitable’ areas. The fuzzy Gamma requires expert 

A. B. 



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 55 

knowledge in the assignment of an arbitrary value of gamma. Hence, the FK fuzzy thematic factor 
maps were integrated by (1) combined application of fuzzy AND and fuzzy OR, (2) application of 
fuzzy Algebraic Sum and (3) application of fuzzy Combination.  
 
The outcome of integrating the FK fuzzy thematic factor maps is a map of fuzzy values indicating 
the degrees of suitability values or suitability indices. The resulting fuzzy suitability index map 
needs to be ‘defuzzified’ or classified, as it is easier to understand and interpret a map with 
suitability classes (ordinal legends) than with numbers (suitability indices). The bases for 
classifying fuzzy suitability maps are inflection points along the curve of the plot of fuzzy suitability 
values versus cumulative number of pixels (representing cumulative area) in the histogram. These 
inflection points represent a sudden increase in number of pixels with a minor change in fuzzy 
suitability value and therefore represent different populations. The fuzzy suitability values at those 
inflection points were considered threshold fuzzy suitability values, which allow differentiation 
between ‘Least Suitable’, ‘Moderately Suitable’, ‘Suitable’ and ‘Most Suitable’ pixels. The 
‘defuzzified’ maps were then converted to vector maps and subsequently to ArcView shapefiles 
for easier manipulation with the MS Access databases. 

5.2.2.1 Combined application of Fuzzy AND and Fuzzy OR 

In ILWIS 2.23 MapCalc functionality, the mathematical expression of Rule 1 (from Table 3-7) 
based on the combined applications of fuzzy AND and fuzzy OR operators is:  
 
output map_R1 = 
max(min(khrf_val,nala1*0.3429),max(fine2*0.3214,sflat2*0.1143,depth2*0.2214)) 
 
where:  khrf_val = fuzzy binary Kharif map  
  nala1 = fuzzy binary Nala map 
  fine2 = fuzzy fine texture map 
  sflat2 = fuzzy flat slope map 
  depth2 = fuzzy depth map  
  

* – denotes the mathematical multiplication sign,  
min – denotes the fuzzy AND operator, which is minimization of inputs (taking minimum 

values of the input maps) 
max – denotes the fuzzy OR operator, which is maximization of inputs (taking the 

maximum values of the input maps) 
 
The weights 0.3429, 0.3214, 0.1143, 0.2214 are the corresponding weights for soil color, soil 
texture, slope, and soil depth, respectively (Table 3-9). Figure 5-2 is the illustrative example of 
Rule 1 map overlay, by way of combined application of fuzzy AND and fuzzy OR.  
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Figure 5-2 Schema of Rule 1 map overlay using combined Fuzzy AND and Fuzzy OR 
 
In Figure 5-3 A. the 1st inflection point with fuzzy suitability value of 0.125 differentiates least 
suitable from moderately suitable, the 2nd inflection point with a fuzzy suitability value of 0.215 
differentiates moderately suitable and suitable, and the 3rd inflection point with fuzzy suitability 
value of 0.315 differentiates suitable and most suitable pixels. The reclassified fuzzy suitability 
index map for Rule 1 based on the inflection points is shown in Figure 5-3 B.  

Figure 5-3 A. Histogram of Map of Rule 1; B. 
Reclassified Map of Rule 1 

 
The FK map of Rule 1 (Figure 5-3 B.) generally 
indicates that farmers consider areas where dark, 
fine textured, deep soils in flat topographic slope are ‘Most Suitable’ for Crop Group 1 (paddy, 
pulses, vegetables and groundnuts) during Kharif season. However, it is interesting to note that 
some areas in Figure 4-9 which were not considered as Kharif crop areas, were considered as 
‘Suitable’ for the above-mentioned crops. This is mainly brought about by soil texture/water 

Rule 1 Suitability Index Map 

AND (min) OR (implication)  
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x 0.1143 

Fuzzy ‘flat’ slope Map 

x 0.3214 

Fuzzy ‘fine’ soil texture Map 
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x 0.3429 
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retention relationship and soil depth, as perceived by the farmers, wherein fine textured and deep 
soils in these areas would retain enough water to sustain the above-mentioned crops. 
 
All the other 11 remaining rules from Table 3-7 followed the same approach in generating the FK 
maps (see Appendix F.).  

5.2.2.2 Fuzzy Algebraic Sum 

In ILWIS 2.23 MapCalc functionality, the mathematical expression for Fuzzy Algebraic Sum of 
Rule 1 (from Table 3-7) is: 
 
Output map = 1 - (1-khrf_val) * (1-nala1*0.3429) * (1-moderat3*0.3214) * (1-depth2*0.2214) * (1-
sflat2* 0.1143) 
 
Figure 5-4 A. depicts the histogram of the Fuzzy Algebraic Sum Map of Rule 1. Similarly, inflection 
points were used to map the different classes of suitability; the 1st inflection point at 0.27 
differentiates least suitable from moderately suitable, the 2nd inflection point with a fuzzy suitability 
value of 0.44 differentiates moderately suitable and suitable, and the 3rd inflection point with fuzzy 
suitability value of 0.98 differentiates suitable and most suitable pixels. 

Figure 5-4 A. Histogram of Fuzzy Algebraic Sum 
Map of Rule 1; B. Fuzzy Algebraic Sum Map of 
Rule 1  

 
In Figure 5-4 B., areas classified as ‘Most 
Suitable’ is nil, while ‘Suitable’ areas are mostly 
found where dark, fine textured and deep soils are located and ‘Least Suitable’ where slopes are 
generally considered flat. It may be noted that areas where dark, fine textured, deep soils in flat 
topographic slopes now indicate ‘Moderately Suitable’ even when these areas were considered as 
‘Suitable’ for Crop Group 1 with the use of the Combination of Fuzzy AND and Fuzzy OR. The 
‘increasive’ effects of the fuzzy Algebraic Sum bring about these deviations. Thus, the use of said 
operator does not depict how the farmers view the land. 

5.2.2.3 Fuzzy Combination 

In ILWIS 2.23 MapCalc functionality, the mathematical expression of Fuzzy Combination of Rule 
1 (from Table 3-7) is: 
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Output map = (khrf_val*1) + (nala1*0.3429) + (moderat3*0.3214) + (depth2*0.2214) + 
(sflat2*0.1143) 
 
Figure 5-5 A. represents the histogram of the Fuzzy Combination Map of Rule 1. Likewise, 
inflection points were used in reclassifying the output map, were 0.44 is the threshold for least 
suitable; 1.19 for moderately suitable; 1.37 for suitable; and 1.37< for most suitable.  

Figure 5-5 A. Histogram of Fuzzy Combination 
Map of Rule 1; B. Fuzzy Combination Map of 
Rule 1  

 
Figure 5-5 B. shows the reclassified map for 
Fuzzy Combination based on Rule 1. Using the Fuzzy Combination, the ‘Most Suitable’ areas are 
where dark and deep soils and generally flat areas are to be found. However, this does not include 
areas where fine textured soils are located, which the farmers also view as ‘Most Suitable’ 
considering the texture/water retention relationship. Similarly, this operator does not adequately 
depict how farmers view the land. Hence, it can also be said that the Fuzzy Combination has 
‘increasive’ tendencies on the output map.  
 
On a final note, using the Fuzzy Logic Approach accords enough flexibility to accommodate 
‘linguistic rules’ compared to Boolean Logic Approach. This explains why fuzzy logic approach 
adequately represents ‘linguistic rules’. However, the choice of fuzzy operators must also be 
judicious so as to truly represent these rules. Hence, the next validation will indicate how much 
flexibility fuzzy logic approaches was accommodated when compared with the land cover/use 
map.  

5.2.2.4 Fuzzy FK Map validation with Land Cover/Use Map 

This section compares and contrasts the FK maps – based on crop suitability, which were 
generated thru the Fuzzy Logic Approach, with the present land cover/use map. The present land 
cover/use map (lu_vill) (Figure 5-6 A.) which was defined at a higher level of abstraction, indicates 
among others, built-up areas, forests, wastelands, lands with scrub, lands without scrubs, areas 
for Kharif crops, areas for Kharif+Rabi crops and areas for Rabi crops, etc. In a sense, the 
determination of actual crop suitability is not defined in the said map. In order that the land 
cover/use map can be used to validate the FK – based suitability maps (which were based on crop 
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A. 

B. 

group suitability classes), the land cover/use map was reclassified into two distinct classes, 
agricultural and non-agricultural areas (Figure 5-6 B.). Similarly, the FK-based crop suitability 
maps were reclassified into agricultural and non-agricultural areas. To do this, the FK–based 
suitability maps were first ‘crossed’ based on season from Table 3-7 (i.e., Kharif, based on Rules 
1-4; Kharif+Rabi, based on Rules 5-8; Rabi, based on Rules 9-12) to generate an output suitability 
map per season. The FK–based season maps were then reclassified into agricultural and non-
agricultural areas (Figure 5-7 A., B. & C.) by taking into account Most Suitable and Suitable 
Classes as agricultural areas and the Moderately Suitable and Least Suitable Classes as non-
agricultural areas, using Table 5-1 and Section 3.6 as basis.  
 
Figure 5-6 A. and B. show the Land Cover/Use Map and Reclassified Land Cover/Use Map, 
respectively.  

Figure 5-6 A. Land Cover/Use Map; B. 
Reclassified Land Cover/Use Map 
 
It can be gleaned from the FK–based season 
maps (Figure 5-7) that the FK–based Map for 

Kharif season (Figure 5-7 A.) has highest degree of similarity with the reclassified Land 
Cover/Use Map  (Figure 5-6 B.). It can be deduced that the latter was generated based on Kharif 
season; hence, preclusion of accuracy assessment of the FK–based season maps for the 
Kharif+Rabi and the Rabi seasons and restriction of the accuracy assessment to only the FK–
based Map for Kharif season. 
 
By crossing the reclassified FK–based Map for Kharif season (Figure 5-7 A.) with the reclassified 
Land Cover/Use Map (Figure 5-6 B.), a ‘contingency or confusion matrix’ (Bakker et al., 2001; 
Congalton & Green, 1998) was generated (Table 5-2).  
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Figure 5-7 A. Reclassified FK-based Map for Kharif Season; B. Reclassified FK-based Map for 
Kharif+Rabi Season; C. Reclassified FK-based Map for Rabi Season 

 
Table 5-2 Contingency Matrix of the Reclassified Land Cover/Use Map and Reclassified FK – based 
Map for Kharif Season (areas in sq. m.) 

 
Reclassified Land Cover/Use Map 

   

Reclassified FK – 
based Map for 
Kharif Season 

Agriculture Areas 
Non-Agriculture 

Areas 
Total 

Error of 
Commission (%) 

User 
Accuracy (%) 

Agriculture Areas 763411553.31 211673266.25 975084819.56 21.71 78.29 

Non-Agriculture 
Areas 

112951911.01 159676525.83 272628436.84 58.57 41.43 

Total 876363464.32 371349792.07 1247713256.40   

Error of Omission 
(%) 

12.89 43.00   
 

Producer Accuracy 
(%) 

87.11 57.00 Overall Accuracy (%) =       73.98 

 
This procedure assesses the degree of deviation of the reclassified FK–based Map for Kharif 
season with the reclassified Land Cover/Use Map. By so doing, the overall accuracy or Proportion 
Correctly Classified (PCC) areas of 73.98% was determined. The overall accuracy is the area of 
correctly classified polygons (the diagonal, as a result of the “cross”) divided by the total area, i.e. 
(763411553.31 + 159676525.83)/ 1247713256.40 = 73.98%. The overall accuracy yields one 
figure for the result as a whole. A producers’ accuracy of 87.11% for agriculture areas and 57.00% 
for non-agricultural areas indicate that the classification classes (reclassified FK–based Map for 
Kharif season) ‘agree’ by 87.11% and 57.00% for agriculture and non-agriculture areas, 
respectively, with the reference classes (reclassified Land Cover/Use Map). However, a user’s 
accuracy of 78.29% and 41.43% for agriculture areas and non-agriculture areas, respectively, 
indicate that the only these percentages are actually agriculture and non-agriculture areas “in the 
ground”. Meaning that the reclassified Land Cover/Use Map ‘agree’ by only 78.29% and 41.43% 
for agriculture and non-agriculture areas, respectively, with the reclassified FK–based Map for 
Kharif season. Therefore, although the FK–based Map for Kharif season can claim that 87.11% 
accuracy for agriculture areas, only 78.29% of the time can the FK–based Map for Kharif season 
says an area is agriculture will it actually be agriculture in the Land Cover/Use Map. 
 

A. B. C. 
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However, it may be argued that the accuracy of the Land Cover/Use Map (by itself) may also be in 
question, hence the results of the matrix may not indicate this. For purposes of illustrating the 
methodology of validation, the Land Cover/Use Map was assumed to be of a high degree of 
accuracy, as such it was utilized. On the one hand, the overall accuracy (73.98%) significantly 
indicates that the FK–based map for Kharif season does not deviate much from that of the Land 
Cover/Use Map. On the other hand, such a deviation is expected as the Land Cover/Use was 
generated from satellite images and other datasets of the study area, which to a certain extent 
does not involve the farmers’ knowledge of the area. This process is only a partial validation of the 
FK–based map for Kharif season given that it could also be validated with other data sets (satellite 
images interpretation for the different seasons, participatory mapping, etc). Considering that these 
datasets were not made available in the course of this research, this partial validation could serve 
as an indicator of its validity. 
 
Going back to the results of the validation, it may be worthwhile mentioning, that when the 
fieldwork data (fieldpoints) were overlayed with the reclassified FK–based Map, some points where 
the farmers say that soils are suitable for crops do not agree with the reclassified map. Upon close 
scrutiny of the gathered data, it was found out that these points (the farmers in question) have 
borewells. This explains why that farmer says his land is “suitable”. The accuracy and validity of 
the FK–based maps, which lays credence to a certain degree, can be utilized as a basis for 
comparison with the LRDP. 

5.3 Comparison of FK-based Maps with the LDRP 

Different classification systems for a particular purpose can be compared and contrasted to 
determine agreements/conflicts of interest by overlaying one classification map with another (e.g., 
Cools, et al., 2002).  
 
To compare and contrast the FK–based season maps with the LRDP, which has 18 classes 
(Table 5-3; Figure 5-8 A.) the latter was likewise reclassified into agricultural and non-agricultural 
areas as depicted in Figure 5-8 B., given that the LRDP is at a higher level of abstraction, which 
does not indicate crop suitability classes. 
 

Table 5-3 Classification and Reclassification of the LRDP 

LRDP Classification 

Classes Color Code 
LRDP Reclassification 

Afforestation  Non-Agriculture 

Agrohorticulture With Soil Conservation Measures  Agriculture 

Double Cropping and/or Agrohorticulture With Ground Water 
Exploitation 

 
Agriculture  

Dry Land Horticulture  Agriculture 

Existing Agriculture In Notified Forest area  Agriculture 

Fodder and Fuel Wood Plantation  Non-Agriculture 

Forest Conservation/Protection  Non-Agriculture 

Forestgap Plantation  Non-Agriculture 

Horticulture  Agriculture 
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Hortipasture(Non-irrigated)  Agriculture 

Intensive Agriculture  Agriculture 

Quarrying and Mining Activities  Non-Agriculture 

Rainfed Agrohorticulture/Agroforestry  Agriculture 

Silvi Pasture and/or Agroforestry  Agriculture 

Silvi Pasture and/or Economic Forest Plantation  Non-Agriculture 

Social Forestry and Pasture Development  Non-Agriculture 

Tank Foreshore Plantation  Non-Agriculture 

Settlements  Non-Agriculture 

 
Overlaying/’crossing’ the reclassified LRDP with the reclassified FK–based Map for Kharif season, 
a contingency matrix was established. Table 5-4 shows the contingency matrix of the ‘cross’ of the 
reclassified LRDP and the reclassified FK–based Map for Kharif season.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-8  A. LRDP (see Table 5-3 for color code); B. Reclassified LRDP  
 
Table 5-4 Contingency Matrix of the Reclassified LRDP and Reclassified FK–based Map for Kharif 
season (areas in sq. m.) 

 
Reclassified LRDP Map 

    

Reclassified FK – 
based Map for Kharif 

season 
Agriculture Areas 

Non-Agriculture 
Areas 

Total 
Error of 

Commission (%) 
User 

Accuracy (%) 

Agriculture Areas 806753103.80 176718233.69 983471337.48 17.97 82.03 

Non-Agriculture Areas 155512588.09 108729330.21 264241918.31 41.15 58.85 

Total 962265691.88 85447563.91 1247713255.79   

Error of Omission (%) 16.16 38.09    

Producer Accuracy (%) 83.84 61.91 Overall Accuracy (%) =       73.37 

 
It could be deducted that the reclassified FK–based Map for Kharif season ‘agree’ with the LRDP 
by as much as 73.37% (Table 5-4), which is the overall accuracy derived from the matrix.  

A.  
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Table 5-5 Contingency Matrix of the Reclassified LRDP and Reclassified FK–based Map for 
Kharif+Rabi season (areas in sq. m.) 

 
Reclassified LRDP Map 

   

Reclassified FK – 
based Map for 

Kharif+Rabi season 
Agriculture Areas 

Non-Agriculture 
Areas 

Total 
Error of 

Commission (%) 
User 

Accuracy (%) 

Agriculture Areas 264817231.23 54461530.76 319278761.99 17.06 82.94 

Non-Agriculture Areas 696955626.67 231473813.51 928429440.17 24.93 75.07 

Total 961772857.89 285935344.27 1247708202.17   

Error of Omission (%) 72.47 80.95    

Producer Accuracy (%) 27.53 19.05 Overall Accuracy (%) =       39.78 

 
Similarly, the reclassified FK–based Map for Kharif+Rabi season was ‘crossed’ with the 
reclassified LRDP and shows that former ‘agrees’ with the latter by as much as 39.78% - overall 
accuracy (Table 5-5). 
 
Table 5-6 Contingency Matrix of the Reclassified LRDP and Reclassified FK–based Map for Rabi 
season (areas in sq. m.) 

 
Reclassified LRDP Map 

   

Reclassified FK – 
based Map for Rabi 

season 
Agriculture Areas 

Non-Agriculture 
Areas 

Total 
Error of 

Commission (%) 
User 

Accuracy (%) 

Agriculture Areas 684983036.09 191286082.45 876269118.54 21.83 78.17 

Non-Agriculture Areas 277508847.50 93929857.50 371438705.00 25.29 74.71 

Total 962491883.59 285215939.95 1,247,707,823.54   

Error of Omission (%) 28.83 32.93    

Producer Accuracy (%) 71.17 67.07 Overall Accuracy (%) =       62.43 

 
Table 5-6 points out the ‘agreement’ by about 62.43% between the reclassified FK–based Map for 
Rabi season and the reclassified LRDP, after these two maps were ‘crossed’.  
 
The overall accuracies of the FK–based Maps for each season vis-à-vis the LRDP does not 
indicate the deviation of the former from the latter, but rather the ‘degrees of agreement’ between 
how the farmers view the suitability of the land and how the same land has been prescribed in the 
LRDP. Consequently, it is interesting to explore by how much does the FK–based Maps ‘disagree’ 
with the LRDP – based on the 18 prescribed land uses, hence the succeeding section. 

5.3.1 Identification of Areas of Agreement and Conflicting Interests 

The difference between FK–based land suitability maps and LRDP highlight the essence of this 
research. Farmers view the land based on how it may serve their immediate and pressing needs, 
while planners’/scientists’, to a certain extent, view it as how the land could be preserved and 
sustained. A double track approach is followed to compare farmers’ land suitability and the LRDP. 
For this section the FK–based season maps will be compared with the 18 individual classes of the 
LRDP.  
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5.3.1.1 FK–based Map for Kharif season compared with LRDP 

Table 5-7 shows the tabular comparison, as a result of the cross, between the different prescribed 
classes of the LRDP with the reclassified FK–based Map for Kharif season - based on Table 3-7, 
Rules 1-4. Among the classes that were reclassified as ‘Agriculture’ in Table 5-3, it is interesting 
to note that in terms of areal extent, almost the whole area for ‘Dry Land Horticulture’ (99.89%) 
was considered as suitable for agriculture by the farmers, followed by ‘Intensive Agriculture’, 
wherein 93.23% of the areas concur as to how the farmers view their land. Similarly, other areas 
reclassified as ‘Agriculture’ in Table 5-3 indicate 91.59%, 89.77%, 84.09%, 82.07% and 80.38% 
for ‘Rainfed Agrohorticulture/Agroforestry’, ‘Existing Agriculture In Notified Forest area’, 
‘Agrohorticulture With Soil Conservation Measures’, ‘Double Cropping and/or Agrohorticulture With 
Ground Water Exploitation’ and ‘Horticulture’, respectively, indicating the ‘degrees of agreement’. 
Worthwhile noting however are the ‘Silvi Pasture and/or Agroforestry’ and ‘Hortipasture (Non-
irrigated)’ classes, wherein the farmers consider only 9.74% and 55.19%, respectively, of the area 
as agricultural areas. These figures indicate the ‘degrees of agreement’ between the farmers’ and 
planners’ views. Therefore larger percentages indicate the higher the ‘degrees of agreement’, 
while smaller percentages indicate lower ‘degrees of agreement’ or higher ‘degrees of conflicting 
interests’. 
 
Table 5-7 Comparison of LRDP Classes with the FK–based Map for Kharif season (areas in sq. m.) 

LRDP Map FK-based Map for Kharif season 

Agriculture Non-Agriculture  
Prescribed Land Uses Area per Class 

Area 
% to Area per 

Class 
Area 

% to Area per 
Class 

Afforestation           781,197.35           580,007.30          74.25           201,190.05       25.75  

Agrohorticulture With Soil Conservation 
Measures 

   265,145,088.34    222,964,596.22          84.09      42,180,492.12       15.91  

Double Cropping and/or Agrohorticulture 
With Ground Water Exploitation 

   217,469,164.25    178,474,659.92          82.07      38,994,504.34       17.93  

Dry Land Horticulture        3,400,550.57        3,396,656.97          99.89               3,893.60         0.11  

Existing Agriculture In Notified Forest area        8,723,088.51        7,830,460.88          89.77           892,627.64       10.23  

Fodder and Fuel Wood Plantation      32,233,712.86      24,330,932.63          75.48        7,902,780.23       24.52  

Forest Conservation/Protection    103,486,285.12      67,971,931.29          65.68      35,514,353.84       34.32  

Forestgap Plantation      56,543,192.87      25,472,124.24          45.05      31,071,068.63       54.95  

Horticulture      18,670,983.62      15,009,989.08          80.39        3,660,994.54       19.61  

Hortipasture (Non-irrigated)      99,030,141.03      54,651,118.83          55.19      44,379,022.20       44.81  

Intensive Agriculture    280,927,183.08    261,900,828.70          93.23      19,026,354.38         6.77  

Quarrying and Mining Activities        1,146,841.58       1,076,358.85          93.85             70,482.73         6.15  

Rainfed Agrohorticulture/Agroforestry      68,212,067.25      62,472,451.62          91.59        5,739,615.63         8.41  

Silvi Pasture and/or Agroforestry           721,279.66            70,268.20            9.74           651,011.46       90.26  

Silvi Pasture and/or Economic Forest 
Plantation 

     38,634,855.19      24,073,755.07          62.31      14,561,100.12       37.69  

Social Forestry and Pasture Development      15,349,802.02      11,562,431.89          75.33        3,787,370.13       24.67  

Tank Foreshore Plantation      24,461,985.95      13,269,140.55          54.24      11,192,845.40       45.76  

Settlements 12,826,533.24                           -                   -       12,826,533.24      100.00  

Total 1,247,763,952.49   975,107,712.25          78.15    272,656,240.25       21.85  
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Italics indicate that this class when reclassified, is considered as ‘Non-agriculture Areas’, while the 
rest indicate ‘Agriculture Areas’ based on Table 5-3. 
 
Corollary, other classes reclassified as ‘Agriculture’ in the LRDP (Table 5-3) show the ‘degrees of 
disagreement’ or ‘degrees of conflicting interests’. Notably, the highest ‘degree of conflicting 
interests’ of 93.85%, is the ‘Quarrying and Mining Activities’ areas, which the farmers considered 
as areas suitable for agriculture. While this class has had a larger percentage of disagreement, 
the area of this class is significantly one of the smallest among the classes. Interestingly, other 
classes e.g., ‘Afforestation’, ‘Fodder and Fuel Wood Plantation’, ‘Forest Conservation/Protection’, 
‘Forestgap Plantation’, ‘Silvi Pasture and/or Economic Forest Plantation’, ‘Social Forestry and 
Pasture Development’, ‘Tank Foreshore Plantation’ showed 75.25%, 75.48%, 65.68%, 45.05%, 
62.31%, 75.33% and 54.24% ‘degrees of conflicting interests’, respectively.  

5.3.1.2 FK–based Map for Kharif+Rabi season compared with LRDP 

In the same way, the reclassified FK–based Map for Kharif+Rabi season was also compared with 
the prescribed classes of the LRDP.  The result of the cross is shown in Table 5-8.  
 
Table 5-8 Comparison of LRDP Classes with the FK–based Map for Kharif +Rabi season (areas in sq. 
m.) 

LRDP Map FK-based Map for Khari+Rabi season 

Agriculture Non-Agriculture 
Prescribed Classes Area per Class 

Area 
% to Area per 

Class 
Area 

% to Area per 
Class 

Afforestation           781,197.35            46,857.05            6.00           734,340.30        94.00  

Agrohorticulture With Soil Conservation 
Measures 

   265,145,088.34     24,907,063.24            9.39    240,238,025.10        90.61  

Double Cropping and/or Agrohorticulture 
With Ground Water Exploitation 

   217,469,164.25       9,453,441.01            4.35    208,015,723.24        95.65  

Dry Land Horticulture        3,400,550.57            20,010.07            0.59        3,380,540.50        99.41  

Existing Agriculture In Notified Forest area        8,723,088.51       4,238,678.18          48.59        4,484,410.33        51.41  

Fodder and Fuel Wood Plantation      32,233,712.86       6,488,722.50          20.13      25,744,990.36        79.87  

Forest Conservation/Protection    103,486,285.12     22,235,278.21          21.49      81,251,006.91        78.51  

Forestgap Plantation      56,543,192.87       7,378,357.01          13.05      49,164,835.86        86.95  

Horticulture      18,670,983.62       1,626,918.29            8.71      17,044,065.33        91.29  

Hortipasture (Non-irrigated)      99,030,141.03     22,406,623.39          22.63      76,623,517.64        77.37  

Intensive Agriculture    280,927,183.08   201,395,056.93          71.69      79,532,126.15        28.31  

Quarrying and Mining Activities        1,146,841.58          281,524.97          24.55           865,316.61        75.45  

Rainfed Agrohorticulture/Agroforestry      68,212,067.25          169,147.27            0.25      68,042,919.98        99.75  

Silvi Pasture and/or Agroforestry           721,279.66          706,488.04          97.95             14,791.62          2.05  

Silvi Pasture and/or Economic Forest 
Plantation 

     38,634,855.19     14,271,119.54          36.94      24,363,735.65        63.06  

Social Forestry and Pasture Development      15,349,802.02       1,875,656.22          12.22      13,474,145.80        87.78  

Tank Foreshore Plantation      24,461,985.95          480,521.87            1.96      23,981,464.08        98.04  

Settlements 12,826,533.24      1,491,602.84          11.63      11,334,930.40        88.37  

Total 1,247,763,952.49  319,473,066.62        25.60    928,290,885.87        74.40  
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It is interesting to note that among the classes reclassified as ‘Agriculture” in Table 5-3, only the 
‘Silvi Pasture and/or Agroforestry’ and ‘Intensive Agriculture’ classes generally agree, 97.95% and 
71.69%, respectively, with how the farmers view the same land during Kharif+Rabi season. During 
this season, areas prescribed in the LRDP as ‘Dry Land Horticulture’ and ‘Rainfed 
Agrohorticulture/Agroforestry’, which when reclassified constitute ‘Agriculture’, do not agree with 
how the farmers view these areas. It can be said that the uncertainty of water availability for 
certain crops (Table 3-7, Rules 5-8) during this season impacts on the decision of the farmers. 
Farmers generally apply a ‘wait and see’ attitude (which is dependent on the amount of the rains 
during Kharif season) when they will sow crops suitable for the season, given their knowledge of 
the characteristics of the land. 

5.3.1.3 FK–based Map for Rabi season compared with LRDP 

Similarly, the reclassified FK–based Map for Kharif+Rabi season was likewise compared with the 
different prescribed classes of the LRDP.  The result of the ‘cross’ is presented in Table 5-9.  
 
Table 5-9 Comparison of LRDP Classes with the FK–based Map for Rabi season (areas in sq. m.) 

LRDP Map FK-based Map for Rabi season 

Agriculture Non-Agriculture 
Prescribed Classes Area per Class 

Area 
% to Area per 

Class 
Area 

% to Area per 
Class 

Afforestation           781,197.35           776,540.08          99.40               4,657.27            0.60  

Agrohorticulture With Soil Conservation 
Measures 

   265,145,088.34    173,357,604.62          65.38      91,787,483.72          34.62  

Double Cropping and/or Agrohorticulture 
With Ground Water Exploitation 

   217,469,164.25    154,556,393.37          71.07      62,912,770.88          28.93  

Dry Land Horticulture        3,400,550.57        1,403,019.79          41.26        1,997,530.78          58.74  

Existing Agriculture In Notified Forest area        8,723,088.51        4,016,942.86          46.05        4,706,145.65          53.95  

Fodder and Fuel Wood Plantation      32,233,712.86      19,589,725.20          60.77      12,643,987.66          39.23  

Forest Conservation/Protection    103,486,285.12      78,757,825.33          76.10      24,728,459.79          23.90  

Forestgap Plantation      56,543,192.87      29,851,005.00          52.79      26,692,187.87          47.21  

Horticulture      18,670,983.62      13,613,542.66          72.91        5,057,440.96          27.09  

Hortipasture (Non-irrigated)      99,030,141.03      56,926,311.60          57.48      42,103,829.43          42.52  

Intensive Agriculture    280,927,183.08    236,216,506.27          84.08      44,710,676.81          15.92  

Quarrying and Mining Activities        1,146,841.58        1,146,505.82          99.97                  335.76            0.03  

Rainfed Agrohorticulture/Agroforestry      68,212,067.25      43,005,677.34          63.05      25,206,389.91          36.95  

Silvi Pasture and/or Agroforestry           721,279.66           721,279.66        100.00                      0.00            0.00  

Silvi Pasture and/or Economic Forest 
Plantation 

     38,634,855.19      26,356,232.66          68.22      12,278,622.53          31.78  

Social Forestry and Pasture Development      15,349,802.02      14,644,023.81          95.40           705,778.21            4.60  

Tank Foreshore Plantation      24,461,985.95      12,137,596.47          49.62      12,324,389.48          50.38  

Settlements 12,826,533.24 -                 -       12,826,533.24        100.00  

Total 1,247,763,952.49   867,076,732.55          69.49    380,687,219.94          30.51  

 
For the reclassified FK–based Map for Rabi season (Table 3-7, Rules 9-12) however, farmers 
agree with the class ‘Silvi Pasture and/or Agroforestry’ as being ‘Agriculture’ with 100% ‘degree of 
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agreement’, followed by ‘Intensive Agriculture’ with 84.08% ‘degree of agreement’. On the 
contrary, farmers significantly disagree with the ‘Quarrying and Mining’, ‘Affforestation’, ‘Social 
Forestry and Pasture Development’ and ‘Forest Conservation/Protection’ classes, as indicated by 
the ‘degrees of disagreement’ of 99.97%, 99.40%, 95.40% and 76.10%, respectively, as they see 
this land as agriculture during Rabi season. 

5.4 Discussion 

The integration of the different FK fuzzy thematic factor maps by way of Boolean Logic and Fuzzy 
Logic approaches based on heuristics that farmers apply, presented how linguistic rules are 
translated into logical rules and applied in a GIS. The distinct advantage of using the latter over 
the former is that the latter allows enough flexibility to accommodate imprecise modes of 
reasoning. In addition, the use of other fuzzy operators to translate linguistic rules to logical rules 
must also be applied to infer soundness of the translated rules. In conjunction, the comparison of 
the Land Cover/Use Map with the FK–based Map per season illustrated that a ‘contingency matrix 
or error matrix’ can be utilized as an indicator in determining the validity of the FK–based Maps. 
The overall accuracy indicated the degree of deviation between the FK–based maps and the Land 
Cover/Use Map. While such deviations are expected, validation of the overall accuracy can also 
be carried out by other means (e.g., satellite images interpretation for the different seasons, 
participatory mapping, site visits, etc.), thus corroborating the overall accuracy. However, these 
were not undertaken due to time and resources limitations.  
 
The comparison of the LRDP with the FK-based Map per season by and large indicated a high 
‘degree of agreement’ between LRDP prescribed land uses that can be generally grouped into 
‘agricultural use’ and areas considered by farmers as suitable for agriculture. Recalling, the 
objectives and research questions put forward in Chapter 1, the contrast and comparison point 
out that indeed the value of integrating FK in LUP presents a new picture in this specific case.  
 
In general, the ‘degrees of agreement’ vary for each season (Kharif, Kharif+Rabi, Rabi) between 
the prescribed land uses in the LRDP and how the farmers view the same land. However, except 
for ‘Intensive Agriculture’, the variations indicate among others, that farmers practice crop rotation. 
For example, during Kharif season, areas prescribed in the LRDP as ‘Dry Land Horticulture’ and 
‘Rainfed Agrohorticulture/Agroforestry’ agree by 99.89% and 91.59%, respectively. While these 
areas are still defined as agriculture by the farmers, they indicate significantly lower ‘degrees of 
agreement’ (i.e., 41.26% and 63.05%, respectively) during Rabi season. Reviewing Table 3-7 
reveals that during Kharif season only Crop Groups 1, 2, 5 and 6 are sown, while during Rabi 
season Crop Groups 3, 4 and 8 are sown, indicating that knowledge of the soils and its 
characteristics, with reference to the season, influences farm practices.  
 
Corollary, the ‘degrees of disagreement or conflicting interests’ indicate that given their knowledge, 
areas classified as ‘Non-Agriculture’ in the LRDP would still be utilized, depending on the season, 
for agricultural purposes. For example, areas prescribed as ‘Afforestation’ and ‘Social Forestry and 
Pasture Development’ in the LRDP, show that during Kharif season would disagree by 74.25% 
and 75.33%, respectively – meaning 74.25% of the former and 75.33% of the latter would still be 
considered as agriculture areas by the farmers. During Rabi season however, the ‘degrees of 
disagreement’ is significantly higher, 99.40% and 95.40%, respectively. The variation indicate that 
while these areas have been prescribed for its respective uses in the LRDP, their knowledge of 
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the soils in these areas and dictated by the season, may influence them to utilize these areas for 
agriculture.  
 
These ‘degrees of disagreement or conflicting interests’ further indicate that both knowledge 
sources (FK and scientific) should complement to ensure sustainable use of the land. On one 
hand, farmers can benefit from what modern soil science has learned about the origin, evolution, 
and distribution of soils as well as their physical, organic, and chemical properties. Using this as a 
guide, farmers can learn something about soil science basics, while technicians find out about the 
soil quality indicators that local farmers use. FK may change when new technologies (unfamiliar to 
the farmers) are available, especially in the areas of new crop varieties, technological 
advancements in farm/crop management, etc. 
 
On the other hand, given the ‘degrees of disagreement or conflicting interests’, planners must 
therefore consider FK in LUP, as farmers are the main users of the land (in fact they make the 
decision as to how to use the land) it is assumed that their reactions will largely determine the 
impact of agricultural policies in terms of constraints and opportunities for development. Greater 
efforts should therefore be undertaken to strengthen the capacity of local people to develop their 
own knowledge base and to develop methodologies to promote activities at the interface of 
scientific disciplines and indigenous knowledge. Indigenous knowledge Systems (IKSs) or 
Farmer Knowledge Systems (FKSs) may contribute to improved development strategies in 
several ways such as by helping identify cost-effective and sustainable mechanisms for poverty 
alleviation that are locally manageable and locally meaningful; by a better understanding of the 
complexities of sustainable development in its ecological and social diversity; and by helping to 
identify innovative pathways to sustainable human development that empower local communities 
and enhance their environments. By knowing local priorities, less effort need be spent providing 
information that is less relevant and more effort spent providing information and assistance that 
are useful.  
 
Finally, it should be stressed that the sustainable management of natural resources can only be 
achieved by developing a science based on the priorities of local people, and by creating a 
technological base that includes both traditional and modern approaches to problem solving. 
Moreover, it should be argued that sustainable development might be better served by a system 
that incorporates both local and scientific knowledge systems. 

5.5 Concluding Remarks 

The integration of FK in a GIS presents the difference between FK-based land suitability maps and 
the LRDP. The actual comparison of FK–based Map with the LRDP presented some interesting 
highlights, among which include, that farmers have different views on the land based on the 
season as compared with the LRDP. Moreover, the comparison essentially presented the Areas of 
Agreement and Conflicting Interests between the two. The ‘degrees of disagreement or conflicting 
interests’ between how the farmers view the land and how it is prescribed in the LRDP significantly 
indicates where the focus of intervention in LUP should be accorded. These foci of intervention 
should address not only sustainable management of the land but more importantly addressing the 
plight of the users of the land. After all, planning is done for people. 
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6 CONCLUSIONS and RECOMMENDATIONS  
This chapter highlights the general review of this research, some salient points of interests, 
conclude the study presented in this thesis, and draw recommendations for further research.  

6.1 Conclusions 

�� On Land Use Planning and Farmers’ Knowledge 
 

Most land use decisions are made by the actual land users, in this case the farmers, which are 
based on experience, tradition, expected profit, personal preferences and resources, social and 
political pressures, among others. While FK may be considered inadequate compared to ‘western’ 
or ‘scientific’ knowledge, it represents means to ensure minimal livelihoods for these people. 
Integrating FK in land use planning, allows a basis wherein technological options will not be 
imposed as alien packages, which contradict existing practices. Specifically, the following are the 
conclusions drawn for this aspect: 
 

- The integration of FK in LUP is an important aspect. The non-integration of the former 
would be a reason for the unacceptability of the latter. 

 
- Farmers have their own criteria in classifying land suitability that is based on the 

environment they live in. This primarily depends on season, soil physical characteristics 
and terrain. 

 
�� Farmers’ Knowledge and GIS 
 
Formalizing FK as a knowledge base can be portrayed in terms of the heuristics they use. These 
heuristics or ‘rules of thumb’ can be stored as linguistic rules and the translation of such linguistic 
rules implies that GIS can be employed considering that these are an abstraction of the data. 
Typical linguistic rules are often vague, ambiguous and imprecise which does not necessarily 
follow rigid classifications. With the above, the following conclusions can be drawn: 
 

- Translating FK into rule-based systems, while it may appear simplistic, the complex inter-
relationships have to be considered. 

 
- FK rules are normally qualitative production rules, which employ IF_THEN propositions. 

 
- FK can be captured in a GIS, thru its storing, retrieval, classifying, querying, and displaying 

capabilities. 
 

- Appropriate datasets to represent FK must be available in order to be formalized in a GIS. 
 
�� Modeling FK in a GIS 
 
In defining a GIS schema, a relational data model needs to be extended to a fuzzy relational data 
model wherein membership grades associates the data to the record derived. There are 
differences between farmers’ and scientists’ descriptions of the same object or factors, these 
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differences need to be transformed to the same context. Representing FK in an information 
system, thru the Fuzzy Logic approach, adequately portrays the linguistic variables that farmers 
use in land evaluation. For this aspect, the following are conclusions are drawn: 
 

- Farmers’ definitions can be considered fuzzy definitions when compared to scientists’ 
definitions. 

 
- Fuzzy definitions can be expressed by the Theory of Fuzzy Sets, thru the use of 

membership grades that are defined by membership functions. 
 

- The choice of a membership function depends on the availability of data; hence, expert 
knowledge can be employed in lieu of data unavailability. 

 
�� Integration of FK in a GIS 
 
Compared to Boolean Logic Approaches, Fuzzy Logic Approaches accord enough flexibility to 
accommodate imprecision and ambiguity. Consequently, the use of Fuzzy Logic Approaches can 
accommodate linguistic rules. Along this line, the following can be concluded: 
 

- A fuzzy-rule based system can be used to translate FK linguistic rules. 
 

- The use of Fuzzy Operators in map overlays solely depends on the linguistic rules hence it 
can be used to infer the soundness of a linguistic rule. 

 
- Different classification systems for a particular purpose can be compared and contrasted to 

determine agreements and conflicts of interests thru map overlays. Conflicts of interests 
extracted by means of overlaying two maps indicate where FK views don’t agree with 
planners’ views. 

 
- Therefore, these areas where there are conflicts of interests should be the focus of 

intervention during plan negotiation and integrated into the mechanisms of plan 
preparation. 

 
In conclusion, this study is limited to FK on the physical properties of the soil and terrain and, 
based on season, in determining its potential use. But, farmers are conceivably concerned with the 
economic and risk factors associated with land use decisions. The actual land use shown in the 
maps and the corresponding statistics give some indications. Farmers may actually plant certain 
crops on areas classified for protection or forest by the planners. But in other areas that are 
classified as intensive agriculture, farmers consider these as marginally suitable for certain crop 
groups. There are far too many factors to consider in deciding land utilization. The presented 
study is but one input to a much more complex land use planning process. The simple model used 
in the present study can be improved so as to capture, for example, among others, profit 
maximization or risk minimization behavior among farm procedures. 
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6.2 Recommendations 

The integration of FK in a GIS shows that knowledge, whether indigenous or scientific can be 
represented in a GIS for land use planning. However, the crux of the matter is in how to capture 
and formalize this knowledge. With this in mind, there is still the possibility for the improvement in 
capturing, formalizing, conceptualizing and integrating FK in a GIS. Areas for further development 
include the following: 
 

- Village immersion methodologies can be employed to improve the knowledge acquisition 
process. 

 
- Cognitive mapping techniques can be utilized to get an improved picture of FK. 

 
- A field validation mechanism, such as participatory mapping can be utilized in order to 

determine whether the generated outputs really depict FK, the “whys” and “how come” 
questions will have surfaced with the field validation process. It would also be interesting to 
depict FK in terms of the ‘driving forces’ on why the farmers act the way they view the land. 

 
- Another validation mechanism would be to compare the generated outputs with crop 

suitability maps. 
 

- The general unavailability of data, such as data on water availability and accessibility (e.g., 
extent of irrigation and borewell data, among others) as well as other factors such as 
availability of credit, agriculture extension services, pre- and post-harvest facilities, among 
others, also impact on how FK was articulated, but significantly, how these factors could be 
integrated in an information system for land use planning. 

 
- Further studies to fully harness the foreseen advantages of Fuzzy Logic approaches in 

capturing FK, KBS and GIS link-up in general, and in particular as in this case, in moving 
along both classification systems, making use of the knowledge contained in each, in an 
information system. 
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APPENDICES 

Appendix A. Questionnaire Design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Village Name:
Mandal Name:
No. of Respondents:

1. What kind of soils do you recognize in your farms?

CD Code

1C Black Texture

2C Dark red 1T Fine

3C Moderately red 2T M. Fine

4C Light red 3T Coarse

5C Very light red

6C Dark brown Depth

7C Moderately brown 1D Shallow

8C Light brown 2D M. Deep

9C Very light brown 3D Deep

10C

11C

12C

13C

14C

15C

16C

17C

Other information:

Depth Other InformationColor Munsell Code Texture

2. What are the local names of these soils?

CD
1C Black

2C Dark red

3C Moderately red

4C Light red

5C Very light red

6C Dark brown

7C Moderately brown

8C Light brown

9C Very light brown

10C

11C

12C

13C

14C

15C

16C

17C

Local Name Color



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 77 

 

 
 
 

 
 
 
 

3. Where are these soils normally found (in terms slope)?

CD
1C Black Code

2C Dark red Slope

3C Moderately red 1S Flat

4C Light red 2S Gentle

5C Very light red 3S Moderate

6C Dark brown

7C Moderately brown

8C Light brown

9C Very light brown

10C

11C

12C

13C

14C

15C

16C

17C

4. Of the four factors (color, texture, depth, slope), which of these do you consider the most important?

Factors Code

Color Ranking 1 - most important

Texture 2 - more important

Depth 3 - important

Slope 4 - less important

Slope Other Information

Ranking

Color

Remarks

5. Are there any other special characteristics of each type of soil, such as black soils normally have high fertility?
    

6. If irrigation water is available/not available, which crops and crop varieties are preferred in your farms based on
    the season?

CV
A NA K KR R Code

1V Rice Preference

2V Jowar 1 - most preferred

3V Bajra 14 - least preferred

4V Tumeric

5V Sugarcane Season

6V Groundnuts K - Kharif (dry)

7V Seasaumum KR - Kharif & Rabi

8V Wheat R - Rabi (wet)

9V Sunflower

10V Safflower

11V Sorghum

12V

13V

14V

15V

16V

17V

H 2 0 Availability Crop Preference
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7. Why, is it because of the soil or other factors, what are these factors then?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. What crops are best grown or suitable on which soils?

CV
K KR R

1V Rice

2V Jowar

3V Bajra

4V Tumeric

5V Sugarcane

6V Groundnuts

7V Seasaumum

8V Wheat

9V Sunflower

10V Safflower

11V Sorghum

12V

13V

14V

15V

16V

17V

Code Color Texture Slope
1C Black 10C 1T Fine 1S Flat
2C Dark red 11C 2T M. Fine 2S Gentle
3C Moderately red 12C 3T Coarse 3S Moderate
4C Light red 13C
5C Very light red 14C
6C Dark brown 15C Depth Season
7C Moderately brown 16C 1S Shallow K - Kharif
8C Light brown 17C 2S M. Deep KR - Kharif & Rabi
9C Very light brown 3S Deep R - Rabi

SEASONTexture Depth SlopeCROP Color
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Appendix B. Stratification for Fieldwork Data Gathering 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On a scale of 1-7, where 1 indicates the best-case scenario (least deviation of land use/cover from 
land capability) while 7 indicates the worst-case scenario (maximum deviation of land use/cover 
from land capability). The intermediate values indicate the varying degrees of deviation. Area of 
interest (AOI) narrows the stratification to only the following: 
 
3; 4; 4Cuu (Capable but under-utilised) 
5Cuu (Capable but under-utilised) 
5NCou (Not Capable but over-utilised) 
6Cuu (Capable but under utilised) 
6NCou (Not Capable but over-utilised) 
7Cuu (Capable but under utilised) 
7NCou (Not Capable but over-utilised) 
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Appendix C. Village/Farmer Responses 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vill: ETHONDA
Mndl: KOTGIRI

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil Code Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
4.0 Black 7CUU 1 5YR 3/1 Very Dark Nala Fine Clay loam D Flat Paddy Paddy Paddy Fallow GroundnutsFallow w/  borewell but

Grey Regadi not sufficient

11.0 Red 7NCOU 2 10R 4/6 Red Chelka Fine Sandy clay D Flat Paddy Jowar Paddy Fallow Sugarcane Fallow w/ borewell but
 loam not sufficient

Degree of Importance: Other Notes:
1 Texture - for red soils, farmers apply more fertilizers (than prescribed) to give more yield
2 Color - farmers know that the increase in fertilizers would lessen fertility of soil and increase crop diseases and pests
3 Depth
4 Slope A - available; NA - not available 

Vill: KAREGOAN
Mndl: KOTGIRI

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
65.0 Black 5CUU 3 1O R 2.5/1 Reddish Nala Coarse Sandy loam MD Flat Maize Turmeric Cotton GroundnutsPulses Jowar w/ borewell and

Black Regadi water pump

45.0 Red 6NCOU 4 10R 4/1 Dark ReddishChelka Fine Sandy loam MD Flat Paddy Paddy SugarcaneSugarcaneSugarcane Sugarcanew/ borewell and
Grey water pump

Degree of Importance: Other Notes:
1 Color - farmer prefers sugarcane since labor cost is much lower and less risky compared to paddy
2 Texture - due to the current problems faced by the sugarmill, farmer opted to utilize field for rice
3 Depth
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi

Vill: CHIKATPALLE
Mndl: KOTGIRI

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
2.5 Black 6NCOU 6 5YR 3/1 Very Dark Nala Fine Clay loam MD Flat Paddy Fallow Paddy Fallow Paddy Paddy w/ borewell

Grey Regadi

2.0 Red 7CUU 5 2.5YR 4/4 Reddish Chelka Fine Sandy clay D Flat Paddy Paddy Paddy Paddy Paddy Paddy w/ borewell but
Brown loam not sufficient

Degree of Importance: Other Notes:
1 Color - due to availability of water, paddy is preferred as has been since his ancestors
2 Texture - farmers decision is also based on what type of crops is dependent what neighbors will plant
3 Depth - if there will be extension workers advice, the farmer will opt for other crops
4 Slope - some lands are on lease, but due to lack of technical advise, the farmer will only utilize portion of the field to lessen risk

- farmer feels that there should be cooperation among them, so that diseases, pests and risks could be mitigated
A - available; NA - not available 

Vill: RAMPUR
Mndl: KOTGIRI

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
3.5 Red 6NCOU 8 10R 4/6 Red Chelka M. Fine Sandy clay D Flat Paddy Turmeric Paddy Fallow Paddy Fallow w/o any water 

loam source

4.0 Red 5CUU 7 10R 4/6 Red Chelka Fine Sandy clay MD Flat Paddy GroundnutsPaddy Fallow Paddy Fallow w/o any water 
loam source

Degree of Importance: Other Notes:
1 Texture - suggestions/advices given by agri'l ext. workers are mostly expensive undertakings
2 Depth - while farmer's org'n exists, farmers decision at the farm/field level are mostly their own
3 Color - application of fertilizers may go beyond than the advice of agri'l ext workers if the farmer feels (w/o scientific facts) the potential of land is lower
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi
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Vill: KODCHERLA
Mndl: KOTGIRI

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
5.0 Black 7CUU 9 5YR 3/1 Very Dark Nala Fine Clay loam D Flat Paddy VegetablesPaddy Fallow Sugarcane Fallow w/o borewell

Grey Regadi Sunflower practices crop
rotation

2.0 Red 5NCOU 10 10R 4/6 Red Chelka Fine Sandy clay D Flat Paddy GroundnutsPaddy Fallow Sunflower Fallow w/o any water 
loam source

Degree of Importance: Other Notes:
1 Color - farmer practices crop rotation to reducxe risks from pests and also to recuperate from losses should one crop fail
2 Texture - farmers also use organic fertilizer aside from the chemical fertilizers
3 Depth - farmer tells that black soils retain water much longer than red soils
4 Slope A - available; NA - not available 

Vill: MYLARAM
Mndl: BIRKOOR

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
5.0 Black 5CUU 12 5YR 3/1 Very Dark Nala Fine Clay loam MD Gentle Paddy GroundnutsPaddy VegetablesSunflower Fallow w/ borewell

Grey Regadi VegetablesVegetablesFallow

1.0 Red 6NCOU 11 10R 4/6 Red Chelka Fine Sandy clay MD Gentle Paddy Jowar GroundnutsTurmeric Sunflower Fallow w/o any water 
loam source

Degree of Importance: Other Notes:
1 Color - farmer with the 1 acre holding uses his field for subsitence farming only
2 Texture
3 Depth A - available; NA - not available 
4 Slope

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi

Vill: KEROOR
Mndl: MADNUR

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
3.0 Black 6CUU 13 10R 2.5/1 Reddish Nala Coarse Clay loam D Flat Cotton GroundnutsPaddy Fallow Jowar Bajra w/o borewell

Black Regadi

5.0 Red 5NCOU 14 2.5YR 4/4 Reddish Chelka Fine Sandy clay MD Flat Paddy VegetablesPaddy Fallow Sunflower Fallow w/ borewell
Brown loam

Degree of Importance: Other Notes:
1 Color - farmer uses natural terracing to minimize soil erosion
2 Texture
3 Depth A - available; NA - not available 
4 Slope

Vill: MAINUR
Mndl: MADNUR

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
3.0 Red 7CUU 15 2.5YR 4/4 Reddish Chelka Fine Sandy clay D Mod Paddy Cotton Maize Fallow Jowar Fallow w/o borewell

Brown loam

Degree of Importance: Other Notes:
1 Color - farmer had used field for pulses, these were infested with pests. Per advice of the agr'l ext. worker, land has to be fallow for one year
2 Depth - since farmer is subsistence farmer, he has not followed the advice of the agri'l ext. worker
3 Texture
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi
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Vill: RAJOLA
Mndl: BICHKUNDA

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
6.5 Black 7NCOU 17 10R 2.5/1 Reddish Nala M. Fine Clay loam MD Flat Paddy SugarcaneJowar Maize Paddy Fallow w/o borewells

Black Regadi

1.0 Red 6CUU 16 10YR 4/6 Red Chelka Coarse Sandy clay D Mod Jowar Maize Jowar SunflowerSafflower Fallow w/ borewells
loam

Degree of Importance: Other Notes:
1 Texture - farmer says if water is available, he will grow paddy and not sugarcane as it will take 3-4 mos. before harvesting while sugarcane will take a year
2 Color - water from tank is not enough to irrigate all lands (65%),  hence some farms are fallow
3 Depth
4 Slope A - available; NA - not available 

Vill: PADAMPALLE
Mndl: JUKKAL

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
13.0 Black 5CUU 19 10R 2.5/1 Reddish Nala Fine Clay loam MD Flat Paddy VegetablesSafflower SunflowerJowar Bajra w/ borewells

Black Regadi

2.5 Red 5NCOU 18 2.5YR 4/4 Reddish Chelka Coarse Sandy clay MD Flat GroundnutsTurmeric Jowar Fallow Sunflower Fallow w/o borewells
Brown loam

Degree of Importance: Other Notes:
1 Color - farmer says if water is available, he will go for rice eventhough he knows that the land is not suitable for paddy
2 Texture - while the land is generally suitable for sugarcane, there are no factories. The nearest is 90 kms. Away.
3 Depth
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi

Vill: PEDDA GHULLA
Mndl: JUKKAL

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
3.5 Black 6CUU 20 5YR 3/1 Very dark Nala Fine Sandy loam D Gentle Paddy Sunflower Cotton Fallow Safflower Fallow w/o borewell

Grey Regadi

3.0 Red 5NCOU 21 2.5YR 4/4 Reddish Chelka Fine Sandy clay MD Mod Paddy VegetablesVegetablesFallow Sugarcane Fallow w/o borewell
Brown loam Cotton

Degree of Importance: Other Notes:
1 Depth - farmer says he needs deep soils inorder water will be retained, as deep soils retain more water
2 Texture
3 Slope
4 Color A - available; NA - not available 

Vill: SIDDAPUR
Mndl: JUKKAL

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
2.0 Black 5NCOU 23 5YR 3/1 Very dark Nala Fine Clay loam MD Mod Paddy Fallow VegetablesFallow Cotton Fallow w/o borewells

Grey Regadi

3.0 Red 6CUU 22 10R 4/1 Dark reddish Chelka Fine Clay loam D Gentle Paddy Fallow GroundnutsFallow Sunflower Fallow w/ borewells
Grey

Degree of Importance: Other Notes:
1 Color - if irrigation water is not available, farmers uses his boreholes, however this is just for subsistence farming only
2 Texture - while soil maybe fertile, there are a lot of stones after 1 foot deep.
3 Depth
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 83 

 
 

 
 
 
 
 

Vill: SIDDAPUR
Mndl: PITLAM

Area Types of Category Fpoints Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
2.0 Black 6CUU 24 10R 2.5/1 Reddish Nala Fine Clay loam MD Mod Paddy VegetablesSugarcaneFallow Sugarcane Fallow w/ borewells

Black Regadi

2.0 Red 7NCOU 25 10YR 4/6 Red Chelka M. Fine Sandy clay MD Flat Paddy SugarcaneSugarcaneFallow Sugarcane Fallow w/o borewell
loam

Degree of Importance: Other Notes:
1 Color - rice is basically grown for subsistence only
2 Texture - other crops are for commercial purposes
3 Depth
4 Slope A - available; NA - not available 

Vill: POTHEREDIPALLE
Mndl: PITLAM

Area Types of Category Fpnts Munsell Munsell Local Texture Family Depth Slope Remarks
(acres) Soil  Color Code Color Name Texture h2o A h2o NA h2o A h2o NA h2o A h2o NA
10.0 Red 7CUU 26 2.5YR 4/4 Reddish Chelka Fine Sandy clay D Gentle Paddy SugarcaneSugarcaneVegetablesGroundnutsFallow w/ borewells

Brown loam

Degree of Importance: Other Notes:
1 Texture - farmers notices that water is absorbed by the soil at a faster rate.
2 Color - he grows vegetables for commercial purposes
3 Depth
4 Slope A - available; NA - not available 

Season
Kharif Kharif-Rabi Rabi

Season
Kharif Kharif-Rabi Rabi
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Appendix D. Farmers’ Decision Tree 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IF AND OR OR OR THEN
Season is Soil Color Texture is Depth is Slope is Crop is

Flat 1
Deep Gentle 1

Moderate unspecified

Flat 1
Fine Med Deep Gentle 1

Moderate unspecified

Flat 1
Very Deep Gentle 1

Moderate unspecified

Flat 1
Deep Gentle 1

Moderate unspecified

Flat 1
Nala Regadi Mod Fine Med Deep Gentle 1
(black soils) Moderate unspecified

Very Deep unspecified

Flat unspecified
Deep Gentle 2

Moderate 2

Flat unspecified
Coarse Med Deep Gentle 2

Moderate 2

Very Deep unspecified
Kharif
(wet season) Flat 5

Deep Gentle 5
Moderate unspecified

Flat 5
Fine Med Deep Gentle 5

Moderate unspecified

Very Deep unspecified

Flat 5
Deep Gentle 5

Moderate unspecified

Flat 5
Chalka Mod Fine Med Deep Gentle 5
(red soils) Moderate unspecified

Very Deep unspecified

Flat unspecified
Deep Gentle 6

Moderate 6

Flat unspecified
Coarse Med Deep Gentle 6

Moderate 6

Very Deep unspecified

Crops
1 - Paddy, Pulses, Vegetables, Groundnuts
2 - Maize, Turmeric, Cotton, Groundnuts
3 - Jowar, Maize, Safflower, Sunflower
4 - Jowar, Pulses, Bajra
5 - Paddy, Sugarcane, Cotton
6 - Jowar, Maize, Grounduts, Turmeric
7 - Paddy, Vegetables, Safflower, Sunflower
8 - Jowar, Bajra

Season:
A - Kharif (wet)
B - Kharif+Rabi (intermediate)
C - Rabi (dry)

Nala Regadi  - Black soils
Chalka  - Red soils
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IF AND OR OR OR THEN
Season is Soil Color Texture is Depth is Slope is Crop is

Flat 1
Deep Gentle 1

Moderate unspecified

Flat 1
Fine Med Deep Gentle 1

Moderate unspecified

Flat 1
Very Deep Gentle 1

Moderate unspecified

Flat 1
Deep Gentle 1

Moderate unspecified

Flat 1
Nala Regadi Mod Fine Med Deep Gentle 1
(black soils) Moderate unspecified

Very Deep unspecified

Flat unspecified
Deep Gentle 2

Moderate 2

Flat unspecified
Coarse Med Deep Gentle 2

Moderate 2

Very Deep unspecified
Kharif+Rabi
(intermediate Flat 7
season) Deep Gentle 7

Moderate unspecified

Flat 7
Fine Med Deep Gentle 7

Moderate unspecified

Very Deep unspecified

Flat 7
Deep Gentle 7

Moderate unspecified

Flat 7
Chalka Mod Fine Med Deep Gentle 7
(red soils) Moderate unspecified

Very Deep unspecified

Deep unspecified

Flat 3
Coarse Med Deep Gentle 3

Moderate unspecified

Flat 3
Very Deep Gentle 3

Moderate unspecified

Crops
1 - Paddy, Pulses, Vegetables, Groundnuts
2 - Maize, Turmeric, Cotton, Groundnuts
3 - Jowar, Maize, Safflower, Sunflower
4 - Jowar, Pulses, Bajra
5 - Paddy, Sugarcane, Cotton
6 - Jowar, Maize, Grounduts, Turmeric
7 - Paddy, Vegetables, Safflower, Sunflower
8 - Jowar, Bajra

Season:
A - Kharif (wet)
B - Kharif+Rabi (intermediate)
C - Rabi (dry)

Nala Regadi  - Black soils
Chalka  - Red soils
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IF AND OR OR OR THEN
Season is Soil Color Texture is Depth is Slope is Crop is

Deep unspecified

Flat 3
Fine Med Deep Gentle 3

Moderate unspecified

Flat 3
Very Deep Gentle 3

Moderate unspecified

Deep unspecified

Flat 3
Nala Regadi Mod Fine Med Deep Gentle 3
(black soils) Moderate unspecified

Flat 3
Very Deep Gentle 3

Moderate unspecified

Deep unspecified

Flat 4
Coarse Med Deep Gentle 4

Moderate unspecified

Flat 4
Very Deep Gentle 4

Moderate unspecified
Rabi
(dry season) Deep unspecified

Flat 8
Fine Med Deep Gentle 8

Moderate unspecified

Flat 8
Very Deep Gentle 8

Moderate unspecified

Deep unspecified

Flat 8
Chalka Mod Fine Med Deep Gentle 8
(red soils) Moderate unspecified

Flat 8
Very Deep Gentle 8

Moderate unspecified

Deep unspecified

Flat unspecified
Coarse Med Deep Gentle 3

Moderate 3

Flat unspecified
Very Deep Gentle 3

Moderate 3

Crops
1 - Paddy, Pulses, Vegetables, Groundnuts
2 - Maize, Turmeric, Cotton, Groundnuts
3 - Jowar, Maize, Safflower, Sunflower
4 - Jowar, Pulses, Bajra
5 - Paddy, Sugarcane, Cotton
6 - Jowar, Maize, Grounduts, Turmeric
7 - Paddy, Vegetables, Safflower, Sunflower
8 - Jowar, Bajra

Season:
A - Kharif (wet)
B - Kharif+Rabi (intermediate)
C - Rabi (dry)

Nala Regadi  - Black soils
Chalka  - Red soils



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 87 

Appendix E. Fuzzy Membership Grades (FMGs) 

FMGs for Soil Depth
alpha 25 (min depth)
beta 75 (mean depth)
gamma 125 (max depth)
Depth in cm MG for Depth

1 0.000
2 0.000
3 0.000
4 0.000
5 0.000
6 0.000
7 0.000
8 0.000
9 0.000

10 0.000
11 0.000
12 0.000
13 0.000
14 0.000
15 0.000
16 0.000
17 0.000
18 0.000
19 0.000
20 0.000
21 0.000
22 0.000
23 0.000
24 0.000
25 0.000
26 0.000
27 0.001
28 0.002
29 0.003
30 0.005
31 0.007
32 0.010
33 0.013
34 0.016
35 0.020
36 0.024
37 0.029
38 0.034
39 0.039
40 0.045
41 0.051
42 0.058
43 0.065
44 0.072
45 0.080
46 0.088
47 0.097
48 0.106
49 0.115

DEPTH

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

0 25 50 75 100 125 150 175 200
Depth (cm)

M
G

deep

Highlighted figures indicate the values in the soil database 
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50 0.125
51 0.135
52 0.146
53 0.157
54 0.168
55 0.180
56 0.192
57 0.205
58 0.218
59 0.231
60 0.245
61 0.259
62 0.274
63 0.289
64 0.304
65 0.320
66 0.336
67 0.353
68 0.370
69 0.387
70 0.405
71 0.423
72 0.442
73 0.461
74 0.480
75 0.500
76 0.520
77 0.539
78 0.558
79 0.577
80 0.595
81 0.613
82 0.630
83 0.647
84 0.664
85 0.680
86 0.696
87 0.711
88 0.726
89 0.741
90 0.755
91 0.769
92 0.782
93 0.795
94 0.808
95 0.820
96 0.832
97 0.843
98 0.854
99 0.865

100 0.875
101 0.885
102 0.894
103 0.903
104 0.912
105 0.920
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106 0.928
107 0.935
108 0.942
109 0.949
110 0.955
111 0.961
112 0.966
113 0.971
114 0.976
115 0.980
116 0.984
117 0.987
118 0.990
119 0.993
120 0.995
121 0.997
122 0.998
123 0.999
124 1.000
125 1.000
126 1.000
127 1.000
128 1.000
129 1.000
130 1.000

>130 1.000
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FMGs for Soil Texture
alpha 4 4 30
beta 12 12 38
gamma 20 20 46
% Clay Coarse Mod. Fine Fine

0.00 1.000 0.000
0.20 1.000 0.000
0.40 1.000 0.000
0.60 1.000 0.000
0.80 1.000 0.000
1.00 1.000 0.000
1.20 1.000 0.000
1.40 1.000 0.000
1.60 1.000 0.000
1.80 1.000 0.000
2.00 1.000 0.000
2.20 1.000 0.000
2.40 1.000 0.000
2.60 1.000 0.000
2.80 1.000 0.000
3.00 1.000 0.000
3.20 1.000 0.000
3.40 1.000 0.000
3.60 1.000 0.000
3.80 1.000 0.000
4.00 1.000 0.000
4.20 1.000 0.000
4.40 0.999 0.001
4.60 0.997 0.003
4.80 0.995 0.005
5.00 0.992 0.008
5.20 0.989 0.011
5.40 0.985 0.015
5.60 0.980 0.020
5.80 0.975 0.025
6.00 0.969 0.031
6.20 0.962 0.038
6.40 0.955 0.045
6.60 0.947 0.053
6.80 0.939 0.061
7.00 0.930 0.070
7.20 0.920 0.080
7.40 0.910 0.090
7.60 0.899 0.101
7.80 0.887 0.113
8.00 0.875 0.125
8.20 0.862 0.138
8.40 0.849 0.151
8.60 0.835 0.165
8.80 0.820 0.180
9.00 0.805 0.195
9.20 0.789 0.211
9.40 0.772 0.228
9.60 0.755 0.245

TEXTURE

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

0.00 10.00 20.00 30.00 40.00 50.00
Texture (% clay)

M
G

moderately fine finecoarse

Highlighted figures indicate the values in the soil database 



INTEGRATING FARMERS’ KNOWLEDGE IN A GIS FOR LAND USE PLANNING 
Case of Soil Classification and Utilization in Nizamabad District, Andrah Pradesh State, India 

 91 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.80 0.737 0.263
10.00 0.719 0.281
10.20 0.700 0.300
10.40 0.680 0.320
10.60 0.660 0.340
10.80 0.639 0.361
11.00 0.617 0.383
11.20 0.595 0.405
11.40 0.572 0.428
11.60 0.549 0.451
11.80 0.525 0.475
12.00 0.500 0.500
12.20 0.475 0.525
12.40 0.451 0.549
12.60 0.428 0.572
12.80 0.405 0.595
13.00 0.383 0.617
13.20 0.361 0.639
13.40 0.340 0.660
13.60 0.320 0.680
13.80 0.300 0.700
14.00 0.281 0.719
14.20 0.263 0.737
14.40 0.245 0.755
14.60 0.228 0.772
14.80 0.211 0.789
15.00 0.195 0.805
15.20 0.180 0.820
15.40 0.165 0.835
15.60 0.151 0.849
15.80 0.138 0.862
16.00 0.125 0.875
16.20 0.113 0.887
16.40 0.101 0.899
16.60 0.090 0.910
16.80 0.080 0.920
17.00 0.070 0.930
17.20 0.061 0.939
17.40 0.053 0.947
17.60 0.045 0.955
17.80 0.038 0.962
18.00 0.031 0.969
18.20 0.025 0.975
18.40 0.020 0.980
18.60 0.015 0.985
18.80 0.011 0.989
19.00 0.008 0.992
19.20 0.005 0.995
19.40 0.003 0.997
19.60 0.001 0.999
19.80 0.000 1.000
20.00 0.000 1.000
20.20 0.000 1.000
20.40 0.000 1.000
20.60 0.000 1.000
20.80 0.000 1.000
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21.00 0.000 1.000
21.20 0.000 1.000
21.40 0.000 1.000
21.60 0.000 1.000
21.80 0.000 1.000
22.00 0.000 1.000
22.20 0.000 1.000
22.40 0.000 1.000
22.60 0.000 1.000
22.80 0.000 1.000
23.00 0.000 1.000
23.20 0.000 1.000
23.40 0.000 1.000
23.60 0.000 1.000
23.80 0.000 1.000
24.00 0.000 1.000
24.20 0.000 1.000
24.40 0.000 1.000
24.60 0.000 1.000
24.80 0.000 1.000
25.00 0.000 1.000
25.20 0.000 1.000
25.40 0.000 1.000
25.60 0.000 1.000
25.80 0.000 1.000
26.00 0.000 1.000
26.20 0.000 1.000
26.40 0.000 1.000
26.60 0.000 1.000
26.80 0.000 1.000
27.00 0.000 1.000
27.20 0.000 1.000
27.40 0.000 1.000
27.60 0.000 1.000
27.80 0.000 1.000
28.00 0.000 1.000
28.20 0.000 1.000
28.40 0.000 1.000
28.60 0.000 1.000
28.80 0.000 1.000
29.00 0.000 1.000
29.20 0.000 1.000
29.40 0.000 1.000 0.000
29.60 0.000 1.000 0.000
29.80 1.000 0.000
30.00 1.000 0.000
30.20 1.000 0.000
30.40 0.999 0.001
30.60 0.997 0.003
30.80 0.995 0.005
31.00 0.992 0.008
31.20 0.989 0.011
31.40 0.985 0.015
31.60 0.980 0.020
31.80 0.975 0.025
32.00 0.969 0.031
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32.20 0.962 0.038
32.40 0.955 0.045
32.60 0.947 0.053
32.80 0.939 0.061
33.00 0.930 0.070
33.20 0.920 0.080
33.40 0.910 0.090
33.60 0.899 0.101
33.80 0.887 0.113
34.00 0.875 0.125
34.20 0.862 0.138
34.40 0.849 0.151
34.60 0.835 0.165
34.80 0.820 0.180
35.00 0.805 0.195
35.20 0.789 0.211
35.40 0.772 0.228
35.60 0.755 0.245
35.80 0.737 0.263
36.00 0.719 0.281
36.20 0.700 0.300
36.40 0.680 0.320
36.60 0.660 0.340
36.80 0.639 0.361
37.00 0.617 0.383
37.20 0.595 0.405
37.40 0.572 0.428
37.60 0.549 0.451
37.80 0.525 0.475
38.00 0.500 0.500
38.20 0.475 0.525
38.40 0.451 0.549
38.60 0.428 0.572
38.80 0.405 0.595
39.00 0.383 0.617
39.20 0.361 0.639
39.40 0.340 0.660
39.60 0.320 0.680
39.80 0.300 0.700
40.00 0.281 0.719
40.20 0.263 0.737
40.40 0.245 0.755
40.60 0.228 0.772
40.80 0.211 0.789
41.00 0.195 0.805
41.20 0.180 0.820
41.40 0.165 0.835
41.60 0.151 0.849
41.80 0.138 0.862
42.00 0.125 0.875
42.20 0.113 0.887
42.40 0.101 0.899
42.60 0.090 0.910
42.80 0.080 0.920
43.00 0.070 0.930
43.20 0.061 0.939
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43.40 0.053 0.947
43.60 0.045 0.955
43.80 0.038 0.962
44.00 0.031 0.969
44.20 0.025 0.975
44.40 0.020 0.980
44.60 0.015 0.985
44.80 0.011 0.989
45.00 0.008 0.992
45.20 0.005 0.995
45.40 0.003 0.997
45.60 0.001 0.999
45.80 0.000 1.000
46.00 0.000 1.000
46.20 0.000 1.000
46.40 0.000 1.000
46.60 0.000 1.000
46.80 0.000 1.000
47.00 0.000 1.000
47.20 0.000 1.000
47.40 0.000 1.000
47.60 0.000 1.000
47.80 0.000 1.000
48.00 0.000 1.000
48.20 0.000 1.000
48.40 0.000 1.000
48.60 0.000 1.000
48.80 0.000 1.000
49.00 0.000 1.000
49.20 0.000 1.000
49.40 0.000 1.000
49.60 0.000 1.000
49.80 0.000 1.000
50.00 0.000 1.000
50.20 0.000 1.000
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FMGs for Slope
alpha 0.8 0.8 14
beta 5.4 5.4 19
lambda 10 10 24
% Slope Flat Gentle Moderate

0.00 1.000 0.000
0.20 1.000 0.000
0.40 1.000 0.000
0.60 1.000 0.000
0.80 1.000 0.000
1.00 0.999 0.001
1.20 0.996 0.004
1.40 0.991 0.009
1.60 0.985 0.015
1.80 0.976 0.024
2.00 0.966 0.034
2.20 0.954 0.046
2.40 0.940 0.060
2.60 0.923 0.077
2.80 0.905 0.095
3.00 0.886 0.114
3.20 0.864 0.136
3.40 0.840 0.160
3.60 0.815 0.185
3.80 0.787 0.213
4.00 0.758 0.242
4.20 0.727 0.273
4.40 0.694 0.306
4.60 0.659 0.341
4.80 0.622 0.378
5.00 0.583 0.417
5.20 0.543 0.457
5.40 0.500 0.500
5.60 0.457 0.543
5.80 0.417 0.583
6.00 0.378 0.622
6.20 0.341 0.659
6.40 0.306 0.694
6.60 0.273 0.727
6.80 0.242 0.758
7.00 0.213 0.787
7.20 0.185 0.815
7.40 0.160 0.840
7.60 0.136 0.864
7.80 0.114 0.886
8.00 0.095 0.905
8.20 0.077 0.923
8.40 0.060 0.940
8.60 0.046 0.954
8.80 0.034 0.966
9.00 0.024 0.976
9.20 0.015 0.985
9.40 0.009 0.991
9.60 0.004 0.996
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Highlighted figures indicate the values in the slope database 
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9.80 0.001 0.999
10.00 0.000 1.000
10.20 0.000 1.000
10.40 0.000 1.000
10.60 0.000 1.000
10.80 0.000 1.000
11.00 0.000 1.000
11.20 0.000 1.000
11.40 0.000 1.000
11.60 1.000 0.000
11.80 1.000 0.000
12.00 1.000 0.000
12.20 1.000 0.000
12.40 1.000 0.000
12.60 1.000 0.000
12.80 1.000 0.000
13.00 1.000 0.000
13.20 1.000 0.000
13.40 1.000 0.000
13.60 1.000 0.000
13.80 1.000 0.000
14.00 1.000 0.000
14.20 0.999 0.001
14.40 0.997 0.003
14.60 0.993 0.007
14.80 0.987 0.013
15.00 0.980 0.020
15.20 0.971 0.029
15.40 0.961 0.039
15.60 0.949 0.051
15.80 0.935 0.065
16.00 0.920 0.080
16.20 0.903 0.097
16.40 0.885 0.115
16.60 0.865 0.135
16.80 0.843 0.157
17.00 0.820 0.180
17.20 0.795 0.205
17.40 0.769 0.231
17.60 0.741 0.259
17.80 0.711 0.289
18.00 0.680 0.320
18.20 0.647 0.353
18.40 0.613 0.387
18.60 0.577 0.423
18.80 0.539 0.461
19.00 0.500 0.500
19.20 0.461 0.539
19.40 0.423 0.577
19.60 0.387 0.613
19.80 0.353 0.647
20.00 0.320 0.680
20.20 0.289 0.711
20.40 0.259 0.741
20.60 0.231 0.769
20.80 0.205 0.795
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21.00 0.180 0.820
21.00 0.180 0.820
21.40 0.135 0.865
21.80 0.097 0.903
22.00 0.080 0.920
22.20 0.065 0.935
22.40 0.051 0.949
22.60 0.039 0.961
22.80 0.029 0.971
23.00 0.020 0.980
23.20 0.013 0.987
23.40 0.007 0.993
23.60 0.003 0.997
23.80 0.001 0.999
24.00 0.000 1.000
24.20 0.000 1.000
24.40 0.000 1.000
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Appendix F. Fuzzy FK Rule Maps 
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