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Abstract 
The Deliverable 7.2 (D7.2) of the SCARLED project provides methodological considerations 
for applying fuzzy set theory to the analysis of employment diversification of farm 
households. It presents a Mamdani's type fuzzy inference model and describes its 
application within the project's framework. 

The model consists of ten variables that are grouped into the four factors: (i) necessity to 
diversify, (ii) internal preconditions, (iii) external preconditions, and (iv) attitudes. The 
coherence of these four factors with the integrated framework for the analysis of non-
farm rural employment is discussed. 

The model will be realised in the Fuzzy Logic Toolbox from MATLAB®. Forty four 
membership functions and 138 rules are going to be implemented, tested, and adapted 
with survey data from the five countries: Bulgaria, Hungary, Poland, Romania, and 
Slovenia. The final model will be used to assess the diversification potential of 15 regions 
in these countries.  
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1 INTRODUCTION 
 

Everyone who has ever done empirical work knows that the information one gets from 
respondents is often imperfect. Different cases of imperfection can be observed. The first 
and surely most obvious one is that the respondents do not know the correct answer (Box 1). 

 

Box 1: Hypothetical interview 1 

Interviewer: I would like to know what the highest degree of formal schooling of 
your household members is.  

Respondent: I finished primary school and my wife too. My son was at the university 
and my daughter finished an apprenticeship as secretary last year. 

Interviewer: Do you know which degree your son got at the university? 

Respondent: He was five years there and he got a certificate. 

Interviewer: Was it a bachelor or a master degree? 

Respondent: No, no, it was a university degree. 

 

In the hypothetical interview 1 (Box 1) the respondent does not know the exact university 
degree of his son because he is not familiar with the concept of Bachelor and Master level. 
For the father it is simply a university degree. The interviewer has now different options. 
He could leave an empty space and risk that he will be rebuked for not being able get 
answers to simple questions. Without doubt, most interviewers will try to avoid this. 
Hence, there are two options left. He could force the father forward to get an answer by 
explaining the differences between Bachelor and Master degree. The answer will most 
probably be an estimation coloured from the wish of a proud father to have provided his 
son with the best education he could get. The second option that the interviewer has is to 
use the information that the son had studied for five years to decide that it is a Master 
degree. In both cases the information is imperfect. 

The second and most delicate case of imperfection is that the respondents are reluctant to 
give correct figures although they know them (Box 2).  

 

Box 2: Hypothetical interview 2 

Interviewer: I would like to know something about your household income. You said 
that you have a car and that you offer from time to time transport 
service to other persons in your village. Could you tell me please how 
much money you earn with this service in an average year?  

Respondent: I do not always ask for money. Sometimes, I take what the passenger 
freely offers. I think it is not really a business and therefore there is no 
income. 

Interviewer: Yes, I understand. But how much do you get approximately per month 
from the service? 

Respondent: Oh, last month was not a good one.  

Interviewer: What is a bad month? 

Respondent: Well, it was ten units. 
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In the hypothetical interview 2 the respondent knows how much he earns with his taxi 
service but he does not like to provide detailed figures. The answer "ten units" is obviously 
not exact but the interviewer has no other option but to accept it. This kind of 
problematic answers are typical and will occur in a similar way whenever the issue of 
income data is touched. Resulting, the information in the data base is imperfect in the way 
that the income data are biased. 

The last case of imperfection are qualitative answers ranging from e.g. "very good" to "very 
bad" or "low" to "high".  

 

Box 3: Hypothetical interview 3 

Interviewer: How good are the streets in your region?  

Respondent: Five years ago, I had to pay much money because my wife hit a pothole 
and spoiled the axle. But last year the street was reconstructed and 
now I think it is good. 

 

Contrary to the first two hypothetical interviews the information given in the hypothetical 
interview 3 (Box 3) is by its very nature imperfect because everyone may understand 
different things under "good streets". The same street could be rated as "poor" from 
someone who is used to Italian motorways or "very good" from people who are used to farm 
tracks. For analytical purposes such information is usually coded into a rating scale from 
one to five. The resulting value pretends a precise figure that in fact simply does not exist. 
Nevertheless, such information is often used because people feel comfortable answering 
them and thus the survey faces fewer problems to motivate the respondents to keep 
interested and concentrated.  

Notwithstanding the vagueness of the information, the collected data are used in 
econometric and simulation models as precise data and the results are generalised. No 
doubt that this methodology gained good results in the last decades but it would be 
appealing to apply a methodology that considers the vagueness of information in the 
estimation routine. Such a methodology is fuzzy logic. 

This report is structured as follows: (i) Chapter 2 gives a short introduction into the 
rational of fuzzy logic, (ii) Chapter 3 presents the model that will be implemented to 
assess the non-farm income diversification in the survey countries, (iii) Chapter 4 explains 
how the model will be implemented, (iv) Chapter 5 describes the testing, adaptation, and 
application of the model within the SCARLED project, and (v) Chapter 6 summarises the 
main outcomes of the previous chapters. 
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2 FUZZY LOGIC – THE CONCEPT OF WORKING WITH IMPEEFECT INFORMATION 
 

Fuzzy logic gained increasing prominence in the last decade. One reason may be the rapid 
development of hardware and software that makes it comfortable to develop and run fuzzy 
logic systems. However, the basic article for the concept of fuzzy logic dates back more 
than forty years. In 1965 Lofti A. Zadeh published his article "Fuzzy sets" and became the 
father of the fuzzy set theory. This theory opened the opportunity to include imperfect 
information into precise data processing routines. It should be mentioned that it is not the 
methodology that is fuzzy but the data that is processed. The methodology itself is rooted 
in non-fuzzy mathematics.  

Three kinds of imperfection are distinguished: (i) vagueness, (ii) imprecision, and (iii) 
uncertainty (Kruse et al. 1995). Information is vague when it could be interpreted from 
different people or in varying contexts in different ways. Linguistic statements like the one 
in the hypothetical interview 3 (Box 3) are vague data. Information that cannot be 
observed with optional accuracy is called imprecise. The income data are the most 
prominent example for this kind of imperfection in empirical research in economics 
(hypothetical interview 2 in Box 2). Uncertain information is subject to random events like 
lottery results or caused by subjective estimations. The answer given in the hypothetical 
interview 1 (Box 1) could be rated as uncertain information.  

Whatever the kind of imperfection is, all imperfect information share the characteristic 
that they cannot be rated as true or false but as partially true and partially false. Classical 
set theory allows only for true or false statements and operates with so-called crisp sets – 
each datum belongs only to one set, i.e. the statement that the street's condition is "good" 
implies that the datum belongs to 100% to the set "good" (Equation 1). 

 

Equation 1: Crisp set 

⎩
⎨
⎧

≠
=

=
"good"condition_streetif
"good"condition_streetif

)condition_street(good 0
1

χ  

Source: Own equation. 

 

But what is needed for processing imperfect information are sets to which a datum belongs 
only to a certain degree, i.e. the street's condition may be to 80% "good", to 10% "average", 
and to 10% "very good". This results in what is called fuzzy sets, i.e. the datum belongs to 
80% to the set "good", to 10% to the set "average", and the 10% to the set "very good" 
(Equation 2).  
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Equation 2: Fuzzy sets 
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Source: Own equation. 

 

The degree to which a datum belongs to the various sets is defined by the so-called 
membership functions. The membership functions are at the core of fuzzy set theory and 
their definition could be seen as the most delicate task in developing a fuzzy logic system. 
The fuzzy sets are subject to mathematical operations that result in a crisp output.  

Sivanandam et al. (2007) quotes many applications of fuzzy logic. Most prominent are the 
industrial and control applications but fuzzy logic also encroached upon expert systems. 
Smithson and Verkuilen (2006) give an overview of fuzzy logic applications in social 
sciences. So far, no fuzzy model that simulates the household decision to diversify into 
non-farm activities is known. Work package 7 of the SCARLED project aims to develop such 
a model. Compared to common testing statistical methods the advantages of fuzzy logic 
are as follows (MathWorks 2001: 1-4 and 1-5): 

- Fuzzy logic is conceptually easy to understand. 

- Fuzzy logic is flexible. 

- Fuzzy logic is tolerant of imprecise data. 

- Fuzzy logic can model nonlinear functions of arbitrary complexity. 

- Fuzzy logic can be built on the top the experiences of experts. 

- Fuzzy logic can be blended with conventional control technique. 

- Fuzzy logic is based on natural language. 

Especially the third, fifth, and seventh point motivate the SCARLED team to apply fuzzy 
logic. 
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3 THE MODEL 
 

Buchenrieder et al. (2007) discussed diversification in the theoretical context of the 
sustainable livelihood framework (SLF) and the so called demand-pull and distress-push 
concept (Efstratoglou 1990, Barrett et al. 2001, Buchenrieder 2005, Möllers and 
Buchenrieder 2005, Möllers 2006). Since both concepts do not address the diversification 
decision itself, they complemented their analytical framework with the theory of planned 
behaviour (Ajzen 1985). In the result of the discussion an integrated framework (Figure 1) 
for the analysis was proposed. The framework is too comprehensive to implement in a 
fuzzy logic model that is developed from scratch in this project. Nevertheless the variables 
for the model are selected in a way that the final model touches all aspects of the 
discussed theories.  

Ten variables will be used to determine the potential of a household to diversify into non-
farm activities. To keep the model's structure comprehensive these variables will be 
grouped into the four factors: (i) necessity to diversify, (ii) internal preconditions, (iii) 
external preconditions, and (iv) attitudes (Figure 2). In the following all factors and their 
variables will be described. Each factor and its variables are shortly discussed in the 
integrated framework of Figure 1. 

The necessity to diversify is seen as a distress-push factor. It depends on the income that a 
household can achieve from agricultural activities and the number of household members 
that have to be supported from this income. Households with a high agricultural income 
and few dependent household members feel less pressure to diversify because the income 
is sufficient to cover all expenditures. As an indicator for the agricultural income that the 
household could earn, the farm size could be used in the model.1 The farm size measured 
in available land stands for natural assets in the SLF. The second variable that determines 
the necessity to diversify in the model is the dependency ratio. It is supposed that it is not 
primarily the number of household members that pushes a household into non-farm 
diversification but the relation of dependent household members to economically active 
ones. Economically active persons could migrate and sustain themselves but especially 
children and sometimes pensioners2 do not have this opportunity and must be supported 
from the economically active household members.  

                                             
1 Whether or not this indicator is the best will be discussed with the SCARLED partners in the survey 
countries before a final decision is taken. 
2 In some cases, the so called unearned income of pensioners, i.e. the pensions exceeds the factor 
income from labour, land, and capital. Whether or not it is sufficient to sustain a decent livelihood 
by itself is not always clear. 
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Internal preconditions describe the ability of a household to diversify. They stand for 
human capital in the SLF and work as a switcher in the demand-pull and distress-push 
concept because they determine whether a household could grab favourable opportunities 
to earn a higher income or whether it will persist in low income activities. It is 
unquestionable that elderly people do not tend to alter their living situation. But even if 
they should have the wish to find a job, they will usually find themselves confronted with 
labour market constraints. But age is not the only limiting variable; also people with a 
deficient education may find it difficult to get a wage job or to start up an own business 
due to insufficient skills. Last but not least, the labour capacity of a household determines 
its ability to earn additional income. Wage-employment in rural regions usually implies 
commuting long distances and also self-employment normally means more than eight hour 
daily work. Whether it is a wage job or a self-employed activity, long absence on business 
is usually the result. Households with small children or elderly people in need of care must 
have at least two economic active persons to save the labour capacity for non-farm 
diversification. In the model the variables age, education, and labour capacity determine 
the internal preconditions of a household to diversify.  

 

Figure 2: Structure of the fuzzy logic diversification model 

 
Source: Own figure. 

 

The factor external preconditions describes the possibility to diversify. It summarises 
variables that define a demand-pull environment. The labour market is part of the 
institutional framework under which a household operates and remoteness is caused by an 
unfavourable basic infrastructure that belongs to the physical assets in the SLF. The key 
question for external preconditions is whether there is a demand for paid labour or 
additional products in the respective region. Citizens of remote areas face difficulties to 
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get a wage job despite their willingness to commute and migrating may not be an option. 
Even for self-employed activities there may be, on the one side, only limited market 
capacities to earn a decent income and, on the other side, it may be difficult to attract 
skilled employees. Besides the remoteness of the village, the situation on the labour 
market is used as an indicator for wage job opportunities in the model. The local demand 
for new products or services from profit-oriented business will be measured in the regional 
purchasing power. 

Even if the household sees the necessity to earn an additional income, the internal 
preconditions are positive, and the external preconditions make diversification possible 
the decision what is actually done depends to a high degree on what is called socio-
psychological factors. Is there a culture of entrepreneurship or is it rather the civil servant 
with a pension who is admired? What says the old patriarch when his granddaughter 
migrates into the big city? Will the schoolmates stay friends when one becomes an 
entrepreneur? What will the neighbours do when one earns more money than the rest of 
the villagers? This is a large field and it is not the focus of this model to be exhaustive in 
the used variables. It is assumed that all these factors result in attitudes towards a certain 
activity. By the factor attitudes the psychological aspects of diversification decisions is 
represented in the model. Since the attitudes towards self-employment may be diametric 
to the ones towards wage employment both attitudes are used into the model.  

All four factors in their various combinations determine the potential that a household has 
for diversification of its income activities.  
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4 IMPLEMENTATION OF THE MODEL 
 

The model introduced in Chapter 3 will be implemented as a Mamdani's type fuzzy 
inference systems (Mamdani and Assilian 1975) using MATLAB® with the module Fuzzy 
Logic Toolbox. A graphical overview of the system is given in Figure 3. The core of the 
system is the knowledge base. It includes for each variable the codomain, the number of 
fuzzy subsets, a linguistic term and the membership function for each fuzzy subset, and 
the rules for fuzzy inference. The membership functions and the rules will be set according 
to the project team's expert knowledge. Forty four membership functions and 138 rules are 
planned at the current state of work.  

 

Figure 3: Overview of the Mamdani's type fuzzy inference system 

 
Source: Own figure in adaptation of Kruse et al. (1995: 164). 

 

The system works in the three steps: 

 

1. Fuzzyfication, 

2. Fuzzy inference, and 

3. Defuzzification. 

 

The input values for the system are crisp, e.g. the observed dependency ratio in the 
hypothetical household here is 1.9.  

In the fuzzification step the degree of membership for an input value in the defined fuzzy 
subsets of the respective variable is determined according to the membership functions 
(Figure 4 and Equation 3). An observed dependency ratio of 1.9 has a membership degree 
of 0.0 in the fuzzy subset "low", of 0.2 in "average", and of 0.8 in "high". 
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Figure 4: Graphical representation of the membership functions for the variable 
"dependency ratio" 

 
Source: Own figure. 

 

Equation 3: Mathematical representations of the membership functions for the 
variable "dependency ratio" 
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Notes: The membership functions refer to the three fuzzy subsets "low, "average", and "high" for the variable 
dependency ratio in Figure 4.  
dep_ratio: dependency ratio 

Source: Own equations. 
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Fuzzy inference is the calculation step of the system. It analyses all rules and results in a 
fuzzy set for the output variable (Figure 5). Rules link the input variables with the output 
variable and have the following form: 

 

IF dependency ratio IS high AND farm income IS low THEN diversification IS high 

 

The defuzzification step transforms the fuzzy output set into a crisp value for the output 
variable, e.g. the potential that the household diversifies into non-farm activities is 0.75. 
In this project the centroid method will be used for defuzzification. This method 
determines the value that divides the area under the curve into two halves as output value 
(MathWorks 2007). In literature, the centroid method is often synonymously used with the 
centre of gravity method (COG) and the centre of area method (COA) (Kruse et al. 1995). 

 

Figure 5: Output of fuzzy inference 

 
Source: Own figure. 
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5 TESTING, ADAPTATION, AND APPLICATION OF THE MODEL 
 

After the model is implemented, it will be tested separately with survey data from Poland, 
Hungary, Slovenia, Romania, and Bulgaria. The conformance of observed diversification 
behaviour with the simulated potential of diversification will be used as criterion for model 
quality.  

In a next step, the model will be improved so that the conformance of observed behaviour 
and simulated results becomes higher. There are three opportunities to adapt the model. 
Firstly, the defuzzification method will be altered from the centroid method to the mean 
of maxima method (MOM). This defuzzification method returns the value at which the 
horizontal line that stands for the highest membership is divided into two halves (Nguyen 
and Walker 2000). Using the fuzzy output set from Figure 5, the result for the non-farm 
diversification potential is 0.9. Secondly, the membership functions will be revised. This 
will without doubt be the main work in adapting the model because it can be assumed that 
the membership functions are different in each of the five survey countries. Finally, the 
rules will be checked. Only minor adaptations are expected for the rules because they 
should be the same in all five survey countries. If they vary substantially across countries, 
the model does not represent the determinants of non-farm diversification. For the 
improvement of the model, 50% of the surveyed households will be used. The new 
conformance of observed behaviour with the simulated one will be calculated using the 
50% of the sample that was not used for the adaptation procedure. The calculated 
conformance indicator shows how well the model pictures the reality.  

The model will be applied within the project to estimate the diversification potential of 15 
survey regions. This implies further calculations because not every household that has the 
potential to diversify will actually use it. It is assumed that it is a combination of a 
household's potential to diversify and its strategy that determines the likelihood of future 
diversification.  

Two methodologies for combining the diversification potential with the household strategy 
are applicable. The simplest would be to multiply the potential figure with an index for 
the household strategy ranging from zero to one. A more advanced procedure would be to 
include the household strategy into the fuzzy logic model (Figure 6). Without doubt, the 
latter is the more appealing methodology. It will result in six additional membership 
functions. The rules for the factor attitudes will be adapted to the factor attitudes and 
strategies but no additional rules are necessary. The drawback of this methodology is that 
the resulting adapted model could not be verified with survey data. Nevertheless it is the 
proposed procedure that will be applied to assess the diversification potential of three 
regions in the five survey countries.  
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Figure 6: Structure of the fuzzy logic model for assessing the regional diversification 
potential 

 
Source: Own figure. 

 

The procedure will be demonstrated using the survey households that are not diversified. 
For these households the non-farm diversification potential is known from the fuzzy logic 
model (Figure 2) and the chosen household strategy was asked in the surveys. The share of 
households for which diversification is likely in the number of non-diversified households 
indicates the diversification potential of a region.  

It has to be acknowledged that the resulting indicator is only truly representative for the 
region from which the sample is drawn. Whether or not the results can be generalised to 
the whole country has to be seen, as generalising recommendations would rely on a 
relative small subsample of 300 households per country.  
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6 SUMMARY  
 

Information form survey data are often imperfect. This is caused by lacking knowledge of 
the respondents on the respective case in question, his/her unwillingness to give exact 
figures, and the qualitative nature of questions. Nevertheless, the information is used as 
precise data in econometric models. It would be appealing to have a methodology that 
allows explicitly for imperfect information in the calculation routine. Such a methodology 
is known as fuzzy logic and roots in the fuzzy set theory from Zadeh (1965). Fuzzy sets 
allow information to be partially true and false. The resulting fuzzy sets are subject to 
precise mathematical operations that result in a non-fuzzy output value. 

In the project a Mamdani's type fuzzy inference system for assessing household's potential 
for non-farm diversification will be implemented. The model consists of ten variables 
grouped into the four factors: (i) necessity to diversify, (ii) internal preconditions, (iii) 
external preconditions, and (iv) attitudes. These factors cover key concepts from the SLF, 
the demand-pull and distress-push concept (Efstratoglou 1990, Barrett et al. 2001), and 
the theory of planned behaviour (Ajzen 1985).  

The model will be tested and adapted using survey data from Poland, Hungary, Romania, 
Bulgaria, and Slovenia. The final model will be used to assess the diversification potential 
of 15 regions in the survey countries.  
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