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APPLICATION OF THE COGNITIVE MODELING  
FOR ANALYSIS OF THE ECOLOGICAL AND ECONOMICAL EFFICIENCY 
OF THE URBAN PLANNING PROJECT* 

Предложен способ оценки эколого-экономической эффективности градостроительных 
проектов, учитывающий неопределенность и неоднозначность входной информации и позво-
ляющий проанализировать возможные варианты развития исследуемых процессов. Определе-
ны основные положения методологии комплексного анализа эколого-экономической эффек-
тивности градостроительных проектов на основе когнитивного моделирования. 

К л ю ч е в ы е  с л о в а: когнитивное моделирование, нечеткие когнитивные карты, 
оценка инвестиционного проекта, оценка воздействия на окружающую среду, экологическая 
безопасность, эффективность эколого-экономическая, градостроительный проект. 

Criterion of the ecological and economical efficiency of the urban planning project, taking into 
accounts the uncertainty and ambiguity of the input information and analyzing the optional versions 
development of the processes, is proposed. Fundamentals of the methodology of integral analysis of 
the ecological and economical efficiency of the urban planning project based on cognitive modeling 
are identified. 

K e y  w o r d s: Cognitive modeling, fuzzy cognitive maps, assessment of the investment pro-
ject, ecological evaluation, environmental safety, ecological and economical efficiency, urban plan-
ning project. 

Under the environmental and economic efficiency of the project the indicator is 
understood that characterizes the ratio of the overall economic benefits and penalties 
of the project, including ecological effects and the social and economic results, 
affecting the population and future generations as a result of this project. [1].  

The definition of the environmental and economic efficiency is aimed to 
determine in monetary terms the consequences of the impact and to use of data 
received during the economic analysis of the project. By the analysis the most ef-
fective way of application must be identified underway of the project providing the 
status variables of the environment. 

Depending on the type of action, the nature of the projected activities and the 
backlash the determinants of economic benefits and penalties into account in the 
calculations is chosen. Generally the source data for such calculations are extracted 
from the respective sections of the project document and reports, based on the 
pioneering stages of environmental impact evaluation (EIA).  

The acquired information is key information in the preparation the explanation 
of investment the investment project and adoption of a prospective investor deci-
sions to participation. Today assessment of the ecological and economical 
efficiency is the most difficult for the investor. Existing approaches to EIA are 
mainly aimed at determining the factors of negative effect and business event 
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planning their environmental impact. The due cognizance is not paid to the 
prediction of integrated effect in the economic component. It is impossible to relia-
bly estimate of the environmental protection costs in the implementation any pro-
ject without the relevant information on optional versions for development of natu-
ralistic and engineering system. Nevertheless the calculation of costs is a necessary 
step to evaluate environmental and economic efficiency of the project regardless of 
the method chosen [1]. 

The application of traditional positions based on operations research 
methods and decision theory is ineffective, because it is stretching to obtain 
a realistic quantitative model of the processes. This is due to the pronounced 
heterogeneity of ecological aspects during construction of works and ambi-
guity of human perception of the results of these actions [2].  

Analyze information resulting from the EIA the optimal claims on the in-
dicators characterizing the quality of decisions should to be defined. It is nec-
essary to have a fair presentation about the subject of research, taking into 
account economic, social, technical and environmental characteristics of the 
subject given the complex nature of their relationships on the basis of existing 
GOSTs and norms for the selection of an adequate system of metrics. The 
complexity of the situation is largely due to the fact that Russian law does not 
provide clear guidelines and criteria regarding the required degree of detail 
EIA. Resulting from the ecological research huge amounts of very diverse 
information are created substantial difficulties in comparing the optional ver-
sions for the implementation of economic activity, which inevitably is leaded 
to the application of special methods of analysis and processing. 

In such the situation is actually the condition under which the desired 
level of accuracy of predictive appraisals can be obtained only by using 
models with adaptive properties are created. Such models are based on data 
obtained during the environmental assessment can consider the evolution of 
the dynamic behavior of the analyzed project. 

One of the most effective research approaches of the behavior of 
complex systems is a semi-structured cognitive modeling. Based on this 
direction have been developed and successfully used in the research of 
economic and social systems the Control problem institute of the RAN. 

Input data for cognitive modeling are basic factors, the trends of change and 
strength of cross-impact on the factors obtained during the information collection 
and processing. 

The feature of the application of the cognitive modeling to identify the 
behavior of naturalistic and engineering systems is the uncertainty of the factors 
and relationships between them. Factor scores are presented most often in the form 
of linguistic variables or regional estimates. The model structure may change in the 
course of investigations. 

The simulated situation is described by means of fuzzy cognitive maps [3], 
which is graphs of cause-and-effect relations and are illustrated the multiple links 
between anthropogenous factors, environmental activity and environment compo-
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nents (characteristics) and therefore are particularly useful for identifying and 
mapping the impacts of second order (indirect, synergies, etc.). 

Key factors are the subject of research at the graph nodes. The list of sets 
N={Cn, Lij, Sgij, Wij}, where {Cn} — the vertex set (concepts); {Lij} — the set of 
cause-and-effect relations between concepts; {Sgij} — the character set of associa-
tions (+, –); {Wij} — the system set of associations (strong, medium, weak, etc.) is 
used in fuzzy cognitive maps. Each concept Ci is described by one or more variable 
conditions that characterize the state of the concept (qualitatively or quantitatively). 

The purpose of cognitive modeling is getting new, unique knowledge about the 
possible development of the system in the future. This knowledge can significantly 
reduce the uncertainty in estimates of the future state of environmental. 

Stages of cognitive analysis  
1. Formation of the conceptual model as the set of cause-and-effect relations 

between them.  
1.1. Identification of relationships and trends in observed processes.  
1.2. Identification of terms, conditions and requirements.  
1.3. Factoring, according to experts characterize the problem situation:  
allocation of basis describing the core of the problem;  
allocation in the aggregate basic factors of target factors;  
allocation in the aggregate basic factors controlling factors;  
identification of relationships between factors;  
orientation of influences and trade-offs between factors. 
2. Construction of the cognitive map of the situation (graph).  
3. Practical research of the situation from the perspective of the specified goal:  
projection of the developments without the influence;  
projection of the developments with the selected group of actions (direct 

problem);  
composition of group of actions for achieving the necessary changes in the 

situation state (inverse problem). 
The pulse method of processes [4], ranking to the category of dynamic meth-

ods, can be used for forecasting of the developments. 
The impact acceleration process is allowed to determine the status of concepts 

in discrete moments, and the expert obtains the forecast in the state change of the 
system for implementation of various control strategies and changes of the envi-
ronmental. 

The assessment problem of capital projects during the concept and design is 
stretching and ambiguous. The improving methods for project basis during the pre-
investment researches would prejudice the success of the activity. 

Further researches are aimed at the development and state-of-the-practice of 
estimation models based on cognitive maps and their implementation in 
information technologies to decision support in the urban design. 
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