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1. The importance and objectives of the research 

 
One of the greatest social challenges of the modern age lies in the solution of 
environmental problems, especially in the reduction of the pollution of the 
environment. On the one hand, the natural elements such as air, water, soil, flora and 
fauna suffer the most from the emission of pollutants. On the other hand, the 
unreasonable utilization of natural resources as well as the high rate of exploitation of 
nonrenewable resources compared to renewable ones is urgent economic and social 
problems. 
 
The change in the paradigm often mentioned and encouraged by economists is also 
linked with environmental economics. Although the formulation of the necessity for 
change of paradigm is an extremely difficult task, the establishment, acceptation and 
introduction of a new paradigm is even more difficult. Since the complexity of 
environmental problems arises from their economic, social, and cultural aspects, as 
well as several other factors, there is a need for so-called interdisciplinary analysis in 
order to establish a new economics, that is a new environmental economics paradigm. 
Interdisciplinary analysis means communication between various branches of science, 
the basis of which is provided by the methodological paradigm. The development of 
relationships between economics and biology is a part of this process.  
 
The idea of applying biological analysis in economics is not completely new. In the 
19th century Alfred Marshall (1890) considered economics to be a branch of biology. 
Others, on the contrary, looked at biology as one of the branches of economics (Mohr, 
1990: 209-219). 
 
The main objective of this thesis is to explore the biological analogues existing in 
economics and ways for their rational application. The other objective is to investigate 
what new conclusions can be drawn in the field of environmental economics with the 
help of relevant analogues, especially biological evolution, and their modeling. 
 
2. Phases and methods of the research 
 
In the dissertation the research is based on three main areas: 

• analysis of traditional environmental economics based on neoclassical 
methodology,  

• examination of the relationship between biology and economics,  
• application of the genetic algorithm in environmental economics. 

 
This thesis consists of five chapters. The first chapter deals with the introduction of the 
objectives. In the second chapter main environmental economic theories and critical 
remarks stating neoclassical views and new approaches aiming at elimination of their 
shortcomings are introduced. The third chapter gives a general outline of the types and 
functions of the analogues and discusses the biological similarities to be used in 
further analysis. The fourth chapter is devoted to the analysis of specific analogues and 
the processes of biological evolution. The most suitable methods of modeling to be 
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used for creating an integrated environmental economics model are also discussed in 
this chapter. The first part of the fifth chapter gives a detailed analysis of genetic 
algorithms and possible uses in economic applications. In the second part an integrated 
environmental economics model modeled by genetic algorithms is created and tested.  
 
The method used in this research follows the traditional deductive scientific principle 
of research developed by Babbie (1995:71). In the formulation of the above mentioned 
model the model creating trend elaborated by Kocsondi (1976:45) was applied, the 
main phases of which are as follows: 

• formulation of the need for modeling; 
• theoretical preparation for modeling; 
• model creation; 
• model research; 
• knowledge transfer; 
• justification and control of the new knowledge; 
• application of the new knowledge in the system of the scientific theory. 

 
3. Summary of the latest results 
 
The new or original scientific results achieved in the process of research can be 
classified into two categories. The first category includes conclusions drawn from 
analysis of neoclassical environmental economics, examination of the relationships 
between biology and economics and finally the comparison of possible models of 
biological evolution. In the second category there are actual results attained in the 
process of model creation. 
 
3.1. Results before the introduction of modeling 
 
T.1. The methods used in traditional economics and environmental economics 

are not suitable for the description of complex and dynamic economic 
processes, and in order to eliminate their shortcomings there is a need for 
elaboration of new approaches of theoretical analysis based on 
interdisciplinary elements. 

 
After conducting an analysis of the most important approaches in environmental 
economics discussed in this study (the problem of public wealth, the Pigou, the Coase 
theorem, optimal utilization of natural resources, standard-preis theory it can be stated 
that on the basis of simple models neoclassical environmental economics attempts to 
give explanations to complex social, human and organizational forms of behavior in 
the field of economics. However, its descriptions lead only to understanding of basic 
economic processes or certain characteristic features. They are rather of didactic 
character and reflect only the norms of a positive approach. 
The applied models, on the contrary, face theoretical obstacles that traditional 
economists trying to improve the theory have not been able to overcome so far. 
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The interdisciplinary approach examines the tasks to be solved as complex ones. It has 
crossed the boundaries between the disciplines and all of science has become an 
integral whole. Whereas in the case of a traditional approach there are strict boundaries 
between specific disciplines, an interdisciplinary approach unites certain branches of 
science and thus solves the problems that separate disciplines have failed to solve. 
 
The most widely used form of relationship research is looking for identifying 
analogues. After conducting an analysis of the two, it can be stated that the processes 
of functional and evolutional biology are similar to some extent to those going on in 
economics. The similarities reflected in the processes provide a basis for the 
interdisciplinary development of economic ideas and modeling, which can be the 
precondition for new scientific findings. Thus, it can be concluded that there is a great 
need for a similar change in the approaches of environmental economics as well. 
 
T2. The modeled steps of biological evolution – using proper formal and verbal 

administrations – are suitable for the description of economic processes. 
 
One of the aspects of interpretation of modern environmental economics is a scientific 
and within this a biological approach. The basic method of looking for the ways of 
establishing relationships between branches of science is looking for analogues. 
Finding similarities is the first step towards realizing what roles and functions the 
analogues play in scientific research. The examples listed and introduced in this study 
show that there are analogues that can be applied in the fields of economics and 
functional biology, as well as evolutional biology. The basic objects and processes 
bear general similarities, however, their degree differs. 
 
The flora and fauna of the present time has developed in the process of biological 
evolution. Biological evolution is still going on: it is a dynamic process. Since it has a 
time horizon exceeding the human pace, a superficial observer can hardly notice its 
development and changes. This process started with the evolution of molecules about 
3.5-4 billion years ago. 
 
Examining the common analogues of biology and economics, three types of analogues 
can be distinguished (Birner 1996:30; Knogge & Knogge 2000:2-3): 

1. Spotting similar theoretical controversies in both branches of science. 
2. Application of biological arguments in confirmation of economic hypotheses. 
3. Looking for conceptual analogues and their application in both disciplines.  

 
Applying conceptual parallelism and relying on the coherencies in biological 
evolution, which is 

Evolution = Mutation + Selection 
the evolution coherence in terms of economics can be determined as: 

Evolution = Innovation + Diffusion. 
 
On the basis of this coherence it can be stated that both biological and economic 
developments are irreversible. The former latter evolution is irreversible (not taking 



 7 

into account its entopic character) as diffusion, which is a positive economic selection, 
leads to changes in factors (e.g. natural environment) related to the economic system. 
This type of evolution, similar to the biological one, heavily depends on the natural 
environment and is inseparable from it.  
 
T3. The modeling of real economic processes built on the basis of analogues of 

biological evolution can be done with the help of genetic algorithms. 
 
This dissertation introduces methods applied for modeling the processes of biological 
evolution. There are three basic procedures described in the scientific literature: 
genetic algorithms, replicator dynamics, and synergetics. 
 
After the analysis and comparison of the above mentioned three methods the following 
conclusions were made: all three methods make attempts to model the dynamic 
processes of biological evolution applying different mathematical tools. Genetic 
algorithms are a complex and computer-aided system of tools (genetic programming). 
Replicator dynamics applies differential equations and models of the theory of games. 
synergetics describes dynamic processes also using differential equations. Of the three 
it is generic algorithms that offer a complex and coherent method to model the basic 
processes of the biological evolution.   
 
Genetic algorithms are derived on the basis of Darwin-type biological evolution and 
the process starts from a possible state (population), in most cases chosen at random. 
New generations emerge from this starting generation on the basis of various 
procedures. These generating procedures go on until the best solution to the problem is 
found. Selection, recombination and mutation are the most important genetic 
procedures. During selection the algorithm applying genetic procedures selects the 
parents giving birth to offspring The individuals of the current population are selected 
on the basis of their fitness value and with defined opportunities . The fitness value 
shows the appropriateness of the individual applying the fitness function.  While 
producingoffspring, recombination changes certain parts of the parents’ chromosomes 
in a similar way as natural genetic recombination. During the process of mutation 
several parts of the chromosomes start changing at random. 
 
3.2. Characteristic features of integrated environmental economics operating on 
the basis of genetic algorithms  
 
As can be seen, drawing a parallel between biological and economic evolution 
provides an opportunity for the description of dynamic economic processes changing 
in time by using genetic algorithms. The first step in finding algorithms in biological 
and economic processes is to draw a parallel between the terms used in both 
disciplines and to determine the degree of elaboration of analogues. On the basis of 
these ideas it can be stated that most biological terms can be used both in economics 
and in the social field, which satisfies the essential condition for successful modeling. 
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Since 1990 numerous articles on the application and applicability of genetic 
algorithms used for the description of economic processes have been published and 
much research has been carried out in this field. Arifovic (1994) and Dawid (1997) 
applied algorithms for modeling of Cobweb-type markets and for the evaluation of 
trends in production and profit development. Brenner (1998) examined whether 
evolutional algorithms could be applied in the description of study processes. 
Birchenhall (1995) used algorithms for modeling technological changes. Birchenhall 
(1997) analyzed the Cobb-Douglas-type production function. Lawrenz (1999) was 
interested in whether using genetic algorithms to analyze the security market could 
achieve as rational results as ordinary methods of analysis. Arifovic (1998) modeled 
the development of the rate of exchange in two trading countries. Reichmann (1999) 
evaluated the stability of economic behavior by using genetic algorithms.  
 
T4. The environmental economics model integrated by genetic algorithms 

combines the basic genetic processes with analyses of environmental 
management. 

 
Figure 1 shows the model of a genetic algorithm. The model operates on the basis of 
basic genetic operators (selection, recombination and mutation). The specific aim of 
the algorithm ubder spesific circustances is to minimize the pollution caused by a 
company. The level of pollution (if there is a possibility to develop a new strategy) has 
to be defined by the application of an objective function from generation to generation. 
(In the figure this step is shown by the evaluation of the starting population). If the 
target level for the pollutant emissions is not met, the genetic procedures come into 
force. 
 
The individuals of the new generation develop in the process of the genetic algorithm. 
The first step is the selection step, when the strategies are selected on the basis of their 
suitability. The degree of the strategy of (individual) suitability determines its 
sustainability possibilities. This sustainability can be determined by the fitness 
function. While determining the fitness function all the elements of the complex 
company objective systems have to be taken into account. The new strategies emerge 
in the process of recombination. Then, during conscious mutation or mutation chosen 
at random (as has already been mentioned both can appear in the operation of a 
company) the final strategy variations are developed. These variations have to be 
examined in order to elaborate modeling very similar to the real situation and to 
determine whether the variations meet the real expectations and can be implemented in 
the current situation. It can happen that during recombination and mutation unrealistic 
strategy possibilities can be developed and have to be eliminated from future 
processes. 
After this the strategy is again evaluated with the help of the objective function. If the 
target level for pollutants is met, the process is over. If not, it is reiterated] until our 
system meets the interruption requirements.  
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FIGURE 1: Environment-based market modeling applying a genetic 
algorithm 
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Mapping of all the types of relevant company behaviors provides a basis for the 
determination of the starting population. The sphere of behaviors is defined by the 
internal and external factors of company operation. Internal factors include current and 
potential production technologies, as well as the available amount of human and real 
capital. Figure 2 shows the system of relationships between environment-based 
company factors and external factors as well as the definition of the environmental 
tolerance to be fit into particular strategies. 
 

Figure 2: Definition of the starting population 
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T5. The analysis at company level is one population, but at a higher level it is a 
multi-population model.  

 
The environmental tolerance can be determined at company and total market levels 
with the help of one-population or multi-population algorithms. In both cases the basic 
objective is to create an effective model for the environment tolerance taking into 
account the current conditions. In the case of modeling done by genetic algorithms the 
genetic procedures (selection, recombination and mutation) can be applied to the 
analysis of one or several companies. 
 
In case of a one-population model under the individuals of the genetic algorithm we 
mean possibilities and strategies of the environment-based company behavior that can 
be exhibited in constantly changing macro and microenvironments. The whole 
population is made up of its complexity. As for the multi-population model there are 
two parallel running genetic algorithms.   In the first each environment-based company 
strategy used by companies is created on the basis of algorithms applied at a company 
level, as well as the environment tolerance constituting the starting population of the 
algorithm running at a higher level. The second parallel algorithm is used for 
measuring the total pollution emitted by all the companies. 
 
T6. The difference between binary coding systems used in genetic algorithms 

plays an essential role because of mutation. In the case of a Gray coding 
system the role of mutation is less important than in the case of 
conventional coding. 

 
The first step of genetic algorithms taken in a less broad sense is to represent the 
obtained information, that is to code the chromosomes. While elaborating the code the 
synchronization of different units of measurements has to be taken into account. If for 
their analysis the existence or non-existence of only one factor is needed as input, the 
yes/no, that is the 1/0 is needed in the case of binary coding. However, if quantitative 
coding is required, that is the Gray-code is used 
 
The Hamming-deviation (D) was used to compare the methods of coding. It shows the 
amount of numbers to be changed in order to obtain one binary code from another. For 
the Gray-code this value is even, but it is changing in the traditional binary code. Thus, 
in the mutation at random (not an exact imitation of somebody else’s strategy or the 
lack of exact information) the torsion is lower, but in directed mutation (conscious 
technological change) the expected results may not be obtained. So the application of 
the Gray coding system may have advantages and disadvantages in modeling. It can be 
stated that the most accurate coding can be achieved by choosing the method by the 
factor. As a result a profound knowledge of gene boundaries and their mapping is of 
utmost importance. The position of a particular gene is to be accurately spotted, 
otherwise, false results will be obtained in further procedures.  
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T7. In integrated environmental economics the objective and the fitness 
function are to be differentiated, as the right company strategy does not 
depend only on its environmentally friendly character, moreover it is not 
this character that dominates when a strategy is given priority. 

 
In the models offered by Arifovic (1994) and Birchenhall (1995) no difference was 
made between the objective and the fitness functions. We might not be right when 
assuming that the basic and the only objective of the company to be modeled is the 
reduction of the burden on the environment. It could be considered to be the only 
objective if the other elements of the company suffer no harm. Formulating this idea 
more precisely, it means if compatibility, the target of maximum profit in the long run, 
productivity and other factors were not neglected, if they were constant, perhaps 
pollution could be reduced. However, this cannot be achieved without bringing about 
changes in the external conditions. It is obvious that this condition would considerably 
limit the circle of strategies to be applied. Several strategic factors have some impact 
on the pollution. As a consequence of this the function formulating the only objective 
has to consider several factors (current elements of the strategy) to be an input.   
 
Since our model is very unique, in case of genetic algorithms a difference should be 
made between the chances of proliferation of an individual and his successful 
outcome. In the genetic algorithm the objective function measures the success of a 
particular individual regarding the objective to be optimized, whereas the fitness 
function evaluates the chances of proliferation of an individual. As our model targets 
the definition of the level of pollution, the objective function determines the strategy 
depending on the amount of the emitted pollutants and by using the terminology of the 
genetic algorithms it defines the phenotype of the genotype. On the basis of the factors 
of the company objective function the fitness function represents the biotic potential of 
the company strategy and of the production technology reflected in the model. A 
multifactor company objective function determines one of the elements of company 
decisions, namely the strategy.  
 
It can be concluded that there is a difference between the objective and the fitness 
functions, because in real life a company does not take decisions focusing only on one 
dominant objective, as it has a system of complex objectives. Furthermore, partners 
having business relations with the company (on the market and outside it) do not 
always manage to reduce the burden on the environment, as a result of which the issue 
of environmental protection does play a central role in the objective system of the 
company. That is the reason why the success and the biotic potential of the company 
strategy – determined on the basis of the objective function – are separated. 
 
T8. Among the selection procedures the stochastic sampling fits into the model 

better than the most widespread roulette method, as it excludes the 
frequent or single appearance of the strategy in the selected stock ensuring 
the diversity of the system. 
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In the order of genetic algorithms the first genetic operation is selection, in the process 
of which the algorithm selects the parents, and the descendents originate from using 
genetic procedures. In our model selection is a specific selection process, which 
chooses the most suitable environment-based company strategy to be used in the 
future, taking into consideration its suitability for definite conditions and applying 
external and internal factors of the company.  
 
The most common and widespread selection algorithm is the so-called roulette 
method. It is similar to a lottery wheel divided into several parts. The width of the pie 
slice is in direct proportion to the selection probability of the individual belonging to 
it. The wheel is turned n times and parents of the next generation are selected. It is 
obvious that the higher fitness value an individual has, the better chances he has of 
being selected several times. Thus, there is a risk that all the selected individuals will 
be identical. Although this method has a relatively high deviation between the target 
and actual selections, it is the most widely used one. The deviation is much lower in 
the case of stochastic sampling. Let us take the lottery wheel again to illustrate the 
idea. The width of the pie slice is also in direct proportion to the selection probability, 
but in this case the n numbers are placed around the wheel (n represents the number of 
individuals). The wheel is turned only once. The individual is selected for 
recombination as many times as the number shows. This method excludes the risk of 
selecting only one individual into the stock. 
 
As far as the model is concerned, it is of the utmost importance to retain a wide range 
and diversity of variations, as such a system can easily adapt to the frequently and 
rapidly changing economic conditions. It is true in the case of the environment as well. 
The economy is also characterized by constantly changing economic, social and 
legislative regulations. Let us take for example the changing legislative regulations 
arising from the increasing demands of the social lobbying groups and more and more 
sophisticated raw materials or production technologies. 
 
The basis of the selective process is the basis of the fitness value. As has already been 
mentioned in this thesis, the fitness function is not closely linked with the burden on 
the environment. As a result of this, during the selection process the variations that are 
environmental friendly are not given preference, thus, they do not have better chances 
for selection. This fact has an unfavorable impact on the expected operation of our 
model. There are two ways of avoiding this negative effect: 

• the external factors can be changed by external interventions (stronger and 
stricter state control, better quality of the supplied raw materials, etc.) in order 
to change the genetic diversity of the population and in this way to make the 
system shift in the optimum direction; 

• the selection probability of the environmentally friendly variations can be 
increased by, internal regulations, i.e. the application of the discriminative 
method. Although after making this step the explanation force of our model can 
decrease, the potential extent of the minimal burden on the environment can be 
determined ensuring a base of comparison for actual (local) and global 
optimums  
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T9. When modeling on the basis of genetic algorithms, uniform recombination 
can be applied to imitate the guided economic processes. 

 
Genetic algorithms provide the most important and the widest range of various 
recombination procedures. The operator of the recombination chooses the method by 
which a new individual can be developed from one or more old chromosomes, that is 
from the parents’ chromosomes. Parents are selected from the stock designed for 
replication. We also think that the recombination is the basic step, as the nature of 
variations of the environmental strategy is determined on the basis of this move, in 
other words the character of the new ideas and the implementation of the new 
expectations depend on this move. 
 
In our case recombination means combination and reconciliation of the elements of 
the possible environmental strategies in order to implement new and more 
sophisticated strategies for meeting new expectations. 
 
On the basis of a one-point strategy a recombination point between 1 and L-1 (L is the 
length of the chromosome) is selected first, and thus, the point (the boundary of two 
genes) is determined from which the first genes to the right will belong to the first 
offspring from one of the parents and the first genes to the left will be distributed to 
the second offspring. In the case of the other parent the distribution of the genes 
happens vice versa.  
In principle n-point recombination happens in the same way as the one-point 
recombination, but instead of selecting one point, an n point is chosen for breaking the 
chromosomes. 
In the process of uniform recombination each gene is examined and a decision is made 
as to whether it should be exchanged or not. 
Gene-mixed recombination is n-point recombination further developed, but the 
deviation is quite different from the ones in the procedures described in this study. In 
this case recombination can occur only if there is more than one set of parents. Due to 
the peculiarities of the diagonal method there will be i descendants if there are i sets of 
parents. Thus, this variation does not follow the biological analogue, as this method of 
proliferation cannot be found in nature. 
 
Retaining some guidelines is of utmost importance when applying economic modeling 
compared to biological recombination. Uniform recombination meets these 
requirements, as each of its bits is examined and only after the evaluation is made is a 
decision taken whether the members of the selected variation should be changed or 
not. In the course of change it is not the smallest chromosome units, the bits that are to 
be taken into account, but the genes (making up the strategic units). Otherwise a 
process similar to mutation will occur. It can be regulated less efficiently and its 
outcome cannot be predicted. 
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T10. In the integrated environmental economics model mutation can be 
considered to be deliberate or to have happened at random, as a result of 
which its impact does not automatically increase the objective function or 
the fitness function. 

 
The third genetic procedure of the genetic algorithms is mutation. During this the 
specified gene or the value of one of the elements of the gene changes in the 
chromosome on a place chosen at random. If the biological genetic processes are 
economically suitable, the mutation is defined as a ‘deliberate’ variation of the 
strategic elements, or an error committed by its own or copied strategy. 
 
In our model mutation is the planned modification of the element or elements of the 
environment-based company strategy or changes not planned in advance and 
modifications arising in the course of strategy implementation.  
 
The planned changes can be brought about by conditions resulting from unexpected 
external and internal changes in the micro and macro economy, which lead to 
reformulation of the meaning of the environmental protection as a company objective. 
In this case the company fails to develop a complete strategy because of the lack of 
time and is able to modify only one or a few elements of its strategy-The unplanned 
modifications result from deficiencies in information flow or other processes of the 
company or even from not precise copying of strategies of other companies. Thus, the 
extent of the burden on the environment does not always go with the reduction of the 
impact of mutation. Despite the fact that the probability of biological mutation is 
relatively low, its importance cannot be neglected either in the process of evolution or 
in our model. 
 
In the genetic algorithms the importance of mutation lies in its ability to prevent a too 
early convergence of the population towards a local optimum and to increase its non-
homogeneous character. In this way it produces a counterforce against selective 
pressure. The favorable impact of mutation lies in the retaining of multi-varieties of 
strategic variations, thus promoting the possible global optimal point. 
 

* * * 
 
In conclusion it can be stated that the integrated environmental economics genetic 
algorithm model developed in this study, elaborated on the basis of specified model 
features and economics elements and formatted (genetic programming) is suitable for 
the examination of spesific economic processes. 
 
4. Application of the results and further trends of the research 
 
The results of this research can be used in education and, after conducting further 
research, can be applied in practical life as well. The developed model (hopefully 
having interdisciplinary character) can be integrated into economics and specific 
environmental economics education. The genetic algorithms modeling the processes of 
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biological evolution and their model features can be applied to the modeling of other 
economic processes, and thus can be used in other fields of economics education. 
 
The shortcomings of the current economics education lie in the lack of bringing into 
line the methodological deviations observed in both theoretical and practical 
approaches. With the help of this and similar integrated models these deviations can be 
successfully bridged, thus the theoretical models can be very well applied in practice 
as well. 
 
One of the basic pillars of the so desired change in the paradigm is the 
interdisciplinary combination of various fields of science. On the basis of the analyzed 
shortcomings of neoclassical economics, a methodological revision of economics 
seems to be justified. One of the ways to do this is to apply an interdisciplinary 
approach. This approach combines the knowledge of certain fields of science, as a 
result of which it shows ways to solve the problems that the independent disciplines 
have failed to identify so far. 
 
The research described in this study can be conducted further both vertically and 
horizontally. The vertical direction means elaboration of a formalized model on the 
basis of genetic programming and its computer-aided application. Therefore, actual 
companies and markets having environmental problems as well as branches of 
industry can be examined giving exact answers to the possibilities and efficiency of 
the practical implementation of this model. The horizontal direction means the wider 
application of genetic algorithms in economic processes to be optimized and modeled. 
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