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Abstract. This paper describes a method for calculation of the pollution of river Vardar, as a result of herbicides application in the soil of Skopje- Polog region. The method is based on fuzzy inference system, in which we defined its input variables - the quantity of the applied herbicide, the period of its application and the percentage of the contaminated area; and its output variable - the quantity of herbicide in the river. This method analyses the application of two common herbicides - atrazine and metalochlore, and we used data obtained from the Ministry of environment for the last 3 years. We have used fuzzy rule base and defuzzification of the output variable. The contribution of this paper are the obtained values for the chemicals in the Vardar river (during the continuous time interval), values that are not measured neither from the Ministry of environment, nor from any NGO. Using our model - we can also make a prediction for these concentrations in the water for the next years.  
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1. INTRODUCTION
The application of chemical substances (pesticides, herbicides etc.) is inevitable for any agricultural production. However, their application leads to direct and indirect degradation of the quality of soil, air and water (both underground and surface). The quantity of the transferred pesticide to the rivers depends on the applied loading of pesticide per unit area, the period of its application, and the percentage of the total area applied. Its further occurrence in the surface and underground waters is due to several interlinked processes like deposition, re-suspension, adsorption, chemical reaction, biological uptake, decay and percolation. The pollutant transfer from the soil to the water is uncertain process, which is complex for quantitative analysis, but is very suitable for estimation and fuzzy modeling. 
Several attempts for quantitative analysis of the pesticide impact on the surface waters have been made recently. Capel and Larson [1] have estimated the annual pollution transport as percent of use (load as percent of use - LAPU). Larson and Gilliom [3] have developed a regression model for pollution estimation. Binoy and Mujumdar [4] have developed fuzzy model for estimating the pollution in the White River (Indiana, USA).
In this paper we will estimate the impact of application of two common herbicides - atrazine and metalochlore (applied in agricultural areas Skopje - Polog) to the quality of the water in the river of Vardar. We have used data obtained from the Ministry of environment for the last 3 years. We defined fuzzy rule base, in which input variables are: the applied loading of pesticide per unit area, the period of its application, and the percentage of the total area applied; and the output variable is the concentration of herbicide in 1 liter of river water. 
The aim of our work is to model the uncertainty of the pollution transfer from the soil to the water, which we’ve done by using of fuzzy inference system. Using fuzzy relations - a fuzzy rule base model is developed which estimates the average monthly pollution (concentrations of pesticide in the Vardar river), at the outlet of the Skopje region. The overall contribution are the obtained (estimated) values for these concentrations in Vardar river for continuous time interval, as well as, a prediction of their values for the future period. The developed algorithm is data-driven and the fuzzy model does not consider the physical and chemical processes.
2. FIS STRUCTURE
A fuzzy inference system is a reasoning system that uses a collection of fuzzy membership functions and rules, instead of Boolean logic, to reason about data. The rules in a fuzzy inference system are usually of a form similar to the following:

if x is low and y is high then z = medium

where x and y are input variables (names for know data values), z is an output variable (a name for a data value to be computed), low is a membership function (fuzzy subset) defined on x, high is a membership function defined on y, and medium is a membership function defined on z. The antecedent (the rule's premise) describes to what degree the rule applies, while the conclusion (the rule's consequent) assigns a membership function to each of one or more output variables.  The set of rules in a fuzzy inference system is known as the rule base or knowledge base. The general inference process proceeds in three (or four) steps. 

1. Under fuzzification, the membership functions defined on the input variables are applied to their actual values, to determine the degree of truth for each rule premise.

2. Under inference, the truth-value for the premise of each rule is computed, and applied to the conclusion part of each rule.  This results in one fuzzy subset to be assigned to each output variable for each rule. Usually only MIN or Product are used as inference rules. In MIN inference, the output membership function is clipped off at a height corresponding to the rule premise's computed degree of truth (fuzzy logic AND). In Product inference, the output membership function is scaled by the rule premise's computed degree of truth.

3. Under composition, all of the fuzzy subsets assigned to each output variable are combined together to form a single fuzzy subset for each output variable. Again, usually MAX or SUM are used. In MAX composition, the combined output fuzzy subset is constructed by taking the point wise maximum over all of the fuzzy subsets assigned to variable by the inference rule (fuzzy logic OR).  In SUM composition, the combined output fuzzy subset is constructed by taking the point wise sum over all of the fuzzy subsets assigned to the output variable by the inference rule.

4. Finally is the (optional) defuzzification, which is used when it is useful to convert the fuzzy output set to a crisp number.  There are many defuzzification methods (at least 30). Two of the more common techniques are the centroid and maximum methods.  In the centroid method, the crisp value of the output variable is computed by finding the variable value of the centre of gravity of the membership function for the fuzzy value.  In the maximum method, one of the variable values at which the fuzzy subset has its maximum truth-value is chosen as the crisp value for the output variable.

Assume that the variables x, y, and z all take on values in the interval [0,10], and that the following membership functions and rules are defined:

low(t)  = 1 - ( t / 10 );  high(t) = t / 10




(20)


rule 1: if x is low and y is low then z is high

rule 2: if x is low and y is high then z is low

rule 3: if x is high and y is low then z is low

rule 4: if x is high and y is high then z is high

Notice that instead of assigning a single value to the output variable z, each rule assigns an entire fuzzy subset (low or high).

1. In this example, low(t)+high(t)=1.0 for all t.  This is not required, but it is fairly common.

2. The same membership functions are used for all variables.  This isn't required, and is also ‘not’ common.

In the fuzzification sub-process, the membership functions defined on the input variables are applied to their actual values, to determine the degree of truth for each rule premise.  The degree of truth for a rule's premise is sometimes referred to as its alpha.  If a rule's premise has a nonzero degree of truth (if the rule applies at all) then the rule is said to fire. 

In the inference sub-process, the truth-value for the premise of each rule is computed, and applied to the conclusion part of each rule.  This results in one fuzzy subset to be assigned to each output variable for each rule.

MIN and PROD. are two inference methods or inference rules.  In MIN inference, the output membership function is clipped off at a height corresponding to the rule premise's computed degree of truth.  This corresponds to the traditional interpretation of the fuzzy logic AND operation.  In PROD. inference, the output membership function is scaled by the rule premise's computed degree of truth.

MAX composition and SUM composition are two composition rules.  In MAX composition, the combined output fuzzy subset is constructed by taking the point wise maximum over all of the fuzzy subsets assigned to the output variable by the inference rule.  In SUM composition, the combined output fuzzy subset is constructed by taking the point wise sum over all of the fuzzy subsets assigned to the output variable by the inference rule.  Note that this can result in truth-values greater than one!  For this reason, SUM composition is only used when it will be followed by a defuzzification method, such as the centroid method, that doesn't have a problem with this odd case. Otherwise SUM composition can be combined with normalization and is therefore a general-purpose method again.
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Fig. 1. FIS structure: Min-inference, Max-composition.
3. MODEL DESCRIPTION
We have analyzed data for the application of two common herbicides in the Skopje - Polog region: atrazine and metalochlor. Based on the study by Capel et al. [1], the most important factors which contribute to the herbicide occurrence in the river basin are: the applied quantity per area unit (kg/ha), and percentage of the area applied (as a percent of the total cultivated area). From the observation of herbicide concentrations in the period of three years (2003, 2004, 2005), we concluded that its presence in the river is evident immediately after its application on the ground, and it is almost neglecting in the following weeks and months. Because of that - the herbicide application time is considered as the third influencing factor (and it’ll also be an input variable in the fuzzy rule base). The quantities of the applied pesticides for the period 2003-2005 are obtained from the Ministry of environment (www.moepp.gov.mk). 

The annual average concentration rate [kg/ha] is the first input in our fuzzy model. The season of herbicide application (march-may) is the second input for the model. As third input we’ve taken the percentage of area in which the herbicide was applied (from the total cultivated area). The summarized data for the Skopje-Polog region for the period 2003-2005 are given in Table 1. 
For completion of our model - the measurement of the water quality (of Vardar River) is important, in different periods of the year. Three observations were made during the application period of the herbicide, and additional two - during the rest of the year. These data were necessary for the definition of the output variable in our model and they were taken only in 2005.
The average concentration of pesticide in 1 liter of water is taken as an output variable from our model. Initially - we took triangular membership functions, each with three values (low, medium, high). Later on, the number of values has increased, and the width of membership functions has changed in order to provide better accuracy. Also - we have applied different types of membership functions (trapezoid, Gaussian), and all gave the same values for the output variable (herbicide concentration in the river). The model is trained with the available data from the period 2003-2005, and it is tested for the year 2006. 
Table 1. Average monthly chemical application and percentage of applied area in Skopje-Polog region.
	Year
	Atrazine
	Metalochlor

	
	kg/ ha
	% area
	kg/ ha
	% area

	2003
	70,83
	38,75
	53,14
	42,10

	2004
	63.75
	33,92
	47,67
	30,87

	2005
	71,33
	32.75
	55,07
	38,12


4. SIMULATION RESULTS
We will show the analysis for the first herbicide (atrazine) and the results for the second are very similar.

The crisp values of the input variable Atrazine are in the interval [0,180] kg/ha, and the linguistic values are {low, med, hi, vh}. 
The crisp values of the input variable Zone are in the interval [0,100] %, and the linguistic values are {low, med, hi, vh}. 

The crisp values of the input variable Period are in the interval [1,12] (month), and the linguistic values are {S1=season1, S2=season2, S3=season3}. 

The membership functions for the input variable Atrazine are given on Fig. 2.
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Fig. 2. Membership functions for one input variable. 

The crisp values of the output variable are in the interval [0, 0.4] g/l, and the linguistic values are {low, med, hi, vh}. 

The membership functions for the output variable are given on Fig. 3.
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Fig. 3. Membership functions for the output variable. 

The fuzzy rule base is given with 7 rules:

If atr=med and zon=hi and per=s2 

then out=hi
If atr=hi and zon=vh and per=s2 

then out=vh
If atr=vh and zon=med and per=s1 

then out=med
If atr=low and zon=hi and per=s3 

then out=low
If per=s2 then out=hi 

If per=s1 then out=low 
If per=s3 then out=low 
The results for the concentration of the herbicide atrazine in the river in 2003 (estimated values) are given on Fig.4.
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Fig. 4. Concentrations of atrazine in the river for year 2003.
The average results for any following year (e.g. 2006) are given on Fig. 5.
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Fig. 5. Estimated concentrations of atrazine in the river for year 2006.

The results for the concentration of the herbicide metalochlore can be obtained on a similar manner.
5. CONCLUSIONS
In this paper we described a method for calculation of the pollution of river Vardar, as a result of herbicides application in the soil of Skopje- Polog region. The method is based on fuzzy inference system, in which we defined its input variables - the quantity of the applied herbicide, the period of its application and the percentage of the contaminated area; and its output variable - the quantity of herbicide in the river. This method analyses the application of two common herbicides - atrazine and metalochlore, and we use data obtained from the Ministry of environment for the last 3 years. We have used fuzzy rule base and defuzzification of the output variable. The contribution of this work are the obtained values for the chemicals in the river Vardar (during the continuous time interval), values that are not measured neither from the Ministry of environment, nor from any NGO. Using our model - we can also make a prediction for these concentrations in the water for the next years.  
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