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Abstract

The environmental management and land use planning, turns out to be a difficult issue for all governmental
authorities. Monroy Ph.D., in his doctoral work called Systemic Model for Environmental Impact Assessment at a
River Basin Level, proposed a methodology to quantitatively assess the environmental impact at a river basin level.
In the same work proposed an indicator called EVI (Environmental Value Indicator, standing for IVA in Spanish),
which includes the result of environmental impact value with other macroeconomic variables, with the support of
Fuzzy Logic. It is important to note that the estimated environmental impact at the Cuenca level is quantitative, and
the EVI is an important and innovative contribution in environmental assessment and management. For the ablation
of this methodology was worked as a case study of the Garagoa River Basin in Colombia. This work supports a
better decision making about its use and environmental management.
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Introduction
The objective of this study is to create a methodology that estimates

the economic cost of the environmental impact in a basin, resulting in
a new macroeconomic indicator of environmental type denominated:
Environmental Value Indicator (EVI).

Inflation, gross domestic product, the devaluation, the gini are some
economic variables that quickly, give us all a general idea of the state of
any region in socioeconomic terms, without having to be experts in
this topic. Now, similarly, the author wanted to formulate an indicator
called EVI (standing for IVA in Spanish), which especially enables the
environmental manager, to have an order of magnitude of the cost of
the environmental impact associated with a river basin [1,2].

To achieve this indicator was first necessary to have a mathematical
value associated with this environmental impact, which the author
called IF (Standing for FIC in Spanish), impact factor, and in this work,
is taken as a starting point or true fact, to the extent that the focus is on
the dissertation of how the economic variables that converge in a basin
with the environmental impact IF are joined together through the
methodology of Fuzzy Logic in a single macro-indicator that called
EVI [1].

It is clear from a scientific point of view; the understanding of some
physical processes is based on human reasoning [3]. This reasoning
can be exploited for structuring models and the ability to encapsulate it
in solving complex problems and intractable is the criterion by which
the effectiveness of the heuristics and met heuristics models [4].
Perhaps the accuracy of these models cannot fully solve the problem,
however, it could be a strategy for decision making on the analysis of
environmental problems and especially for the assessment of the
environmental damage of river basin systems.

Materials and Methods
Preamble The starting point involves previous knowledge about the

value of the environmental impact of a basin, which in this case
corresponds to the Garagoa of the river, shown on Map 3.1, built from
geographic information systems GIS, and that has been called ISOFIC,
i.e., curves of equal environmental impact framed in the basin of study.

Secondly, the purpose of this research stage is the identification of a
metaheuristic model, implementing the tool "fuzzy logic" to allow the
integration of the estimated result by the "Environmental Impact
Factor" with some socioeconomic variables, leading to a final analysis
of the "Environmental Value Indicator (EVI)" [5]. The bond of the
variables described above, is not tractable and therefore, it is suggested
the application of a fuzzy logic model that allows to glimpse the
behavior of parametric interaction. When considering the use of fuzzy
logic to any engineering problem, the degree of uncertainty in the
response to the problem must be weighed, indeed, not only inaccurate
data dictates the quality of response but also the low tractability of the
problem [3].

Human activities are generating ecosystems intervention and
damage. However, the intensity and impact are different according to
several parameters that tend to be directly associated with economic
and social activity. The communities in general, are characterized by
several indicators that reflect their condition. In the case of the
economy, changes in the situation may occur by multiple factors,
which ultimately are showing their direct or indirect relationship with
their environment. Not all societies and economic situations have the
same damage to the environment. The degree of association and
combination of variables in relation to the construction of the
environmental impact value will be subsequently argued.

The socioeconomic variables that were selected (three of them) take
into account its primacy in assessing the economic state of a society,
these are: The Gross Domestic Product (GDP), population growth rate,
and the GINI coefficient.
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The indicator of economic growth is the result of increased
aggregate of a country by its economic agents over time, usually one
year production, expressed through the GDP. There is a great
partnership between GDP growth and the economic impact on the
environment. It is assumed that further growth of the productive
system in any of its components, generates a great impact on
environmental degradation. The higher the economic growth, the
greater the environmental damage generated by economic agents
(Figure 1) [6].

Figure 1: Isofic curves.

The rate of population growth, in a demographic point of view,
refers to demographic shifts of a given volume of people, from one
residence to another. The population change (positive or negative
growth) experienced by the population size is the result of births and

deaths (natural increase) and the net contribution of migration. The
growth rate is expressed as the percentage of population changes from
one period to another.

The environmental relationship with the variable is possible in the
extent of the existence of a greater number of people living in the
territory, an increase also occurs in the demand for environmental
goods and services, from the appropriation of the biomass for
energetic purposes, to the dump of wastes into the basin. The higher
the population growth, the greater the environmental degradation in
the territory [7].

The Gini coefficient is a measure of equity, which shows the
percentage distribution of a variable is in the population. It is usually
associated to the welfare of the population in relation to their
involvement with the income. Zero corresponds to a perfectly equal
income distribution (everyone has the same income) and 1 to a
perfectly unequal distribution (one person has all the income and the
rest has nothing). In other words, the closer to 0 the Gini index is a
more equitable society. The Gini index is the Gini coefficient expressed
as a percentage and is equal to the GINI coefficient multiplied by 10 [8]

The relationship between GINI coefficients with the environmental
component is associated so that an increase in the level of poverty or
income inequality within a population, generate a greater
environmental damage. The poorer a society is, the greater the
environmental conflicts generated due to their precarious income, the
level of education and other related variables [9,10].

Results and Conclusions
For analysis Environmental Value Indicator (EVI) three economic

variables of interest and the Impact Factor (IF) has established as the
functional elements of the fuzzy inference system. Membership
functions selected for the study are trapezoid and/or triangular, due to
its simple and easy defined structure.

For the rate of GDP growth, the universe of discourse is defined
between -1% and 15%, and consists of three membership functions
(e.g., Low, Medium, High) where the indicators are characterized as
follows: i) "low" between 1% and 3%, ii) "Medium" between 2.5% and
6%, and iii) "high" between 5% and 15% (Figure 2).

Figure 2: Membership functions of the fuzzy set defined by the GDP.
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For the Rate of Population Growth (RPG) the universe of discourse
is defined between -1% and 15%, and consists of three membership
functions (e.g., Low, Medium, High) where the indicators are

characterized as follows: i) "low" between 1% and 2%, ii) "Medium"
between 1.5% and 5%, and iii) "High" between 4.5% and 15% (Figure
3).

Figure 3: Membership functions of the fuzzy set defined by the RPG.

For the Gini index universe of discourse is defined between 0 and 1,
and consists of three membership functions (e.g., Low, Medium, High)
where the indicators are characterized as follows: "low" between 0 and

0.15, ii) "medium" between 0.10 and 0.45, and iii) "high" from 0.42 to 1
(Figure 4).

Figure 4: Memebership functions of the fuzzy set defined by the GINI index.

For the Impact Factor (IF) the universe of discourse is defined
between -12 and 12, and consists of six membership functions where
the indicators are characterized as follows:

i) "high negative" between -12 and -9,

ii) "Medium negative " from -9 to -5,

iii) "Low negative" between -5 and 0,

iv) "low positive" between 0 and 5,

v) "medium positive" between 5 and 9, and vi) "high positive"
between 9 and 12 (Figure 5).

For the system output, the Environmental Value Indicator, the
universe of discourse is defined between 0 and 0.4, and consists of five
membership functions where the indicators are characterized as
follows:

i) "low" between 0 and 0.05;

ii) "medium low" between 0.045 and 0.185,

iii) "medium" between 0.18 and 0.24,

iv) "medium high" between 0.225 and 0.31, and v) "high" between
0.3 and 0.4 (Figure 6).
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Figure 5: Memebership functions of the fuzzy set defined by the IF.

Figure 6: Memebership functions of the output fuzzy set defined by the EVI.

In the analysis of EVI 23 rules has been set, and in Figure 3. It is
possible to observe the result of the aggregation process for the 23 rules
defined in the EVI analysis, which were processed in the fuzzy logic
"Toolbox" of "MATLAB version 7.5" (Figure 7; Table 1).

The greater the economic and population growth and the higher
levels of poverty, the greater the environmental conflicts; if the
variables behavior is the other way around, the situation will be more
favorable. However, each country and situation, reflect different
results, although the ultimate goal is not oriented to economic and
social condition of the country, but to the environmental degradation
of the illustrated and measuring ecosystem.

The IVAFIC model in its second phase, from fuzzy logic model
develop, provides a simple exercise to estimate an economic
environmental indicator called: Environmental Value Indicator (EVI),

which for practical purposes, infers the cost of the environmental
condition a basin.

The EVI model in its second phase, provides a tool indicator-type
(EVI) that associates economic and environmental variables, in this
case the Impact Factor Corrected IFC, and for the executive or
legislative authority, is of great importance for the understanding of
the economic environmental behavior of a river basin and its resulting
decision-making, either through agreements, ordinances, laws, or at
local levels, river basin management and protection plans.

This methodology is currently used in another basin as a
postdoctoral research project with the aim of limiting new scenarios
and variables, which is expected to narrow results with greater
certainty.
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Figure 7: Aggregation process of the 23 rules of the fuzzy inference system of the EVI analysis.

Study scenario GDP RPG GINI IF Results

Developed country (North American condition) 8% 1% 0.15 -1.92 Medium High EVI=0.272

Developing country 2% 4% 0.55 -1.92 Medium high EVI=0.271

Colombia 2007 3.50% 2.50% 0.58 -1.92 Medium high EVI=0.297

Transition country (e.g., Vietnam) 10% 2.00% 0.38 1 Medium high EVI=0.269

Colombia (expected conditions) 10% 4% 0.55 -7 Medium high EVI=0.321

Developed country (Luxemburg) 10% 0% 0.05 3 Medium high EVI=0.190

Sierra Leona 0% 8% 0.79 -10 Medium high EVI=0.283

Table 1: Study scenarios for EVI analysis.

The proposed methodology can be extrapolated to other
environments such as a microbasins and macro-projects, adjusting
economic and environmental factors and variables, but surely involve
cautious and critical exercise that demand highly qualified personnel,
resources and time for an investigation the can come up with new and
meaningful knowledge.
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