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Abstract: Faecal contamination plays a major role in the transmission of diarrhoeal diseases. Thus it is highly desirable to model the 

water quality in terms of faecal contamination. In this study, an inductive model using fuzzy logic is developed to predict the faecal 

coliform concentration by taking Sasthamkotta lake as the case study which a freshwater wetland and a Ramsar site in the Southern 

part of India. Five input water quality parameters namely pH, temperature, dissolved oxygen, biochemical oxygen demand and turbidity 

during the period 2013 and 2017 was used to develop the said model. A statistical regression model was also developed using the same 

input parameters. Thereafter, the performance of the model developed using fuzzy logic and regression model was compared in terms of 

percentage error. It was found that the percentage error obtained in the fuzzy model was 2.8125 % while the same for the conventional 

regression model was 12.5 %. The said finding implies that the fuzzy model developed was superior compared to that of the conventional 

regression model   in predicting faecal coliform concentration in Sasthamkotta lake. 
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1.  INTRODUCTION 

Biological contamination is one of the leading causes of 

impairments of surface water quality and the same comes 

from a variety of point and non-point sources. Faecal 

coliform bacteria are used as a proxy for detecting the 

presence of pathogenic bacteria in environmental water 

samples. The presence of faecal coliform bacteria in surface 

water indicates faecal contamination and hence it is highly 

desirable to model the water quality by studying the presence 

of faecal coliform in water samples. 

Faecal coliform modeling continues to be a challenge due to 

the numerous sources of bacteria and the corresponding 

magnitudes of contribution from each source. The various 

methods available for faecal coliform determination and the 

associated environmental effects add to the challenges in 

accurately modeling faecal coliform concentrations in 

surface waters. For applications where a detailed analysis of 

the source of faecal contamination and its associated 

transport into the receiving water bodies is sought, a detailed 

process-based deductive model still remains the choice [6]. 

For the development and calibration of such a model the 

researcher requires sufficient data so that the same will be 

effective in predicting the presence of faecal coliform in 

surface water [2]. Such models can be extremely useful in 

applications where large data sets are available and quick 

assessment of water quality is sought. The same can 

minimize any adverse health impacts associated with faecal 

contamination as well. 

 

Data driven models based on computational intelligence are 

becoming more and more popular due to a number of water 

quality modeling applications [10]. Inductive models also  

 

 

helps in quick and effective management decisions needed to 

facilitate reliable and safe operation of such systems. If 

sufficient data is available, using deductive models are very 

time consuming and ineffective to make quick decisions. 

Inductive models range from simple linear regression models 

to more complex nonlinear models based on Artificial 

Neural Network (ANN) [3], [12]. Today, inductive models 

developed using principles of evolution and biology is 

becoming more popular. [11]. 

Fuzzy logic is such an evolutionary computation method that 

has found numerous applications in the development and 

application of inductive models to real world engineering 

processes [4].  Fuzzy logic provides a system to model 

uncertainty, the way in which humans arrive at decision 

making [8].  Experts in the field of environmental 

engineering often face an uphill task to interpret vast and 

complex environmental data that is easily understandable by 

the decision makers so as to arrive at a sustainable 

conservation measure. The researcher in such cases often 

fails to make precise statements about inputs and outcomes.  

In such cases the fuzzy model can adjust the reasoning 

process and the same can be applied to develop a series of 

environmental indices which reduces the complexity of the 

problem [1]. Nowadays fuzzy rule based systems are very 

common in solving complex environmental problems [5].  

 

The objective of this study is to develop inductive models 
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based on both fuzzy logic and the conventional statistical 

regression model to predict the faecal coliform concentration 

in a fresh water wetland named Sathamkotta lake. Thereafter 

the fuzzy based model was compared with that of the 

conventional statistical regression model in terms of 

percentage error. 

2.   METHODOLOGY 

2.1 Study Area and Data Collection 

Sasthamkotta lake lies between latitude 9011’N to 9041’N 

and longitude 76036’30” E to 76040’E and the same spreads 

out in three Panchayats namely, Sasthamkotta, Mynagapally 

and Western Kallada. The said lake is a designated wetland 

of international importance under the Ramsar Convention 

since November 2002. Figure 1 represents the map of the 

study area. This freshwater lake caters to the drinking needs 

of more than 10 lakh people in Kollam district (in the state of 

Kerala). Sasthamkotta Lake is subjected to serious 

environmental degradation including faecal coliform 

concentration. The water spread area of the lake has shrunk 

and it was observed that the south western tip of 

Sasthamkotta lake has turned into lush grassland during the 

field visit. The pollution problems and the resultant 

environmental degradation warrants an immediate time 

bound eco-restoration measures.    

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of the study area 

2.2 Development of Fuzzy Logic Model 

In this study, the fuzzy logic formalism was used for 

developing a model for predicting faecal coliform 

concentration in Sasthamkotta lake. In fuzzy logic, the 

mapping is formulated from a given input to the 

corresponding output and this process is known as fuzzy 

inference [9], [7]. The process of fuzzy inference was carried 

out in five steps namely, fuzzification of the input variables, 

application of the fuzzy operator (AND or OR) in the 

antecedent, implication from the antecedent to the 

consequent, aggregation and defuzzification. 

The process of fuzzification of the input variables is carried 

out and the degree of membership to which they belong is 

determined. In fuzzy logic toolbox software, the input is 

always a crisp numerical value limited to the universe of 

discourse of the input variable (in this case the interval is 

between 0 and 10) and the output is a fuzzy degree of 

membership in the qualifying linguistic set (always the 

interval is between 0 and 1).  

Once the inputs are fuzzified, the degree to which each 

component of the antecedent is satisfied for each rule is 

known. If the antecedent of a given rule has more than one 

component, the fuzzy operator is applied to obtain one 

number that represents the result of the antecedent for that 

rule[8]. This number is then applied to the output function 

which is the second step in the fuzzy inference process. 

 

Before applying the implication method, the rule’s 

weightage should be determined. Every rule has a weight (a 

value between 0 and 1), which is applied to the number 

given by the antecedent. From time to time if the researcher 

wants to weight one rule relative to the others the same can 

be done by changing its weight value to something other 

than 1. After assigning proper weightage to each rule, the 

third step namely the implication method is implemented. 

The input for the implication process is a single number 

given by the antecedent, and the output is a fuzzy set 

represented by the membership function. 

The role of implication both in the mathematical and applied 

aspects of fuzzy set theory is central for developing a 

successful model. Two built-in methods are supported in the 

implication process and they are the same functions that are 

used by the AND method: min (minimum), which truncates 

the output fuzzy set, and prod (product), which scales the 

output fuzzy set. 

Since the decisions are based on testing all rules in a Fuzzy 

Inference System (FIS), then the rules must be combined in 

some manner in order to make a decision. The fourth step 

aggregation is the process by which the fuzzy sets that 

represent the outputs of each rule are combined into a single 

fuzzy set wherein fuzzy rule base and reasoning mechanism 

are applied .  

The input for the fifth and the final step namely the 

defuzzification process is the aggregated fuzzy set and the 

output is a precise quantity. The most commonly used 

defuzzification method is the centroid calculation, which is 

adopted in this study. 

Statistical regression modeling was carried out for empirical 

modeling in which the data pertaining to a dependent 

variable (in this case study it is the faecal coliform 

concentration) were regressed against those of independent 

variables namely pH, turbidity, temperature, Biochemical 

Oxygen Demand (BOD) and Dissolved Oxygen (DO) 

respectively. The data collected during the period 2013 to 

2017 were used to develop the statistical model and the same 

collected during 2018 was used for the model’s validation.  

The statistical tool namely Statistical Program for Social 

Science (SPSS) was used for developing the inductive 

model. 

3. RESULTS AND DISCUSSIONS 

Five water quality parameters namely pH, turbidity, 

temperature, BOD and DO were selected as input parameters 

for the fuzzy inference system to predict faecal coliform 

concentration. Trapezoidal Membership functions ‘low’, 

‘medium’ and ‘high’ were created for each input variable. 

The membership functions for the input variables namely 

pH, turbidity, temperature, BOD and DO and the output 
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variable namely faecal coliform concentration are shown in          Fig.2, Fig.3, Fig.4, Fig.5, Fig.6 and Fig.7 respectively.

 

 
Figure 2: Membership function for the parameter pH 

 

 
Figure 3: Membership function for the parameter temperature 

 
Figure 4: Membership function for the parameter Dissolved Oxygen 
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Figure 5: Membership function for the parameter  Biochemical Oxygen Demand 

 
Figure 6: Membership function for the parameter turbidity 

 

Figure 7: Membership function for the parameter faecal coliforms 
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For formulating the if-then rules using the said 

parameters, the weight of each parameter was calculated 

and the same was done to find out the effect of each input 

parameter in the output while forming the rules. A weight 

set was established for this purpose and it was developed 

as A= {a1, a2, a3, a4, a5}, which interprets the weights of 

each of the five indices that sum up the value as 1.  In 

determining the weight of each index, a pair comparison 

method was adopted regarding the importance of each 

index and through this comparison, a Judgment Matrix 

was built up. Specifically, two indices namely ui, and uj 

was taken out each time, and aij was taken as the 

comparison of the influence that ui and uj each exerts on 

the overall evaluation. In this way, all the comparison 

results were got as expressed in A = (aij) 5×5 which was 

called the Judgment Matrix. If the ratio between ui and uj 

was aij, then the ratio of reversed sequence of the two 

indexes was found asaji = 1/aij. With the application of 

Judgment Matrix A, the weight of each index was 

formulated as equation (1). 


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The weightage of each of the input parameter calculated is 

given in Table 1. 

Table 1: Weightage of each of the input parameters 

calculated 

Input 

Parame

ter 

pH Temper

ature 

Turbi

dity 

DO BOD 

Weight

age 

0.15 0.62 0.03 0.18 0.02 

Thereafter the fuzzy rule base was formulated for the 

model development. Five inputs were chosen and they 

were connected by if-then rules to give the output. The IF 

parts were connected using AND operator. For example, 

IF pH is low and temperature is low and DO is low and 

BOD is low and turbidity is low, THEN FC is low. A total 

of 134 fuzzy logic rules were formulated and the same are 

shown in Fig.8. 

 

 

 
Figure 8: Fuzzy logic rules formulated

In fuzzy logic analysis, the inductive model was 

developed using the above said five input parameters to 

predict the faecal coliform concentration in the lake. The 

model was validated using the actual data for the year 

2018. The percentage error between the field value and 

the predicted value of the faecal coliform concentration 

was calculated as 2.8125 %. The output from fuzzy logic 

analysis is shown in Fig.9. 
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Figure 9: Output from the fuzzy logic analysis 
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Thereafter the statistical regression model was 

developed using SPSS. The above said five input 

parameters were used as independent variables and 

the parameter faecal coliform concentration was used 

as the dependant variable and the general regression 

equation can be written as equation (2). 

Y = C1 + C2X1 + C3X2 + C4X3 + C5X4 + C6X5 (2) 

Where Y is the dependant variable, C1, C2, C3, C4, 

C5 and C6 are constants and X1, X2, X3, X4 and X5 

are independent variables (i.e, pH, temperature, 

turbidity, DO and BOD respectively).   

The values of the constants obtained after the 

regression were: C1= 4380.250, C2 = - 298.270, C3 

=- 69. 058, C4= 0, C5 = 0 and C6 = - 186.227 

respectively. The correlation coefficient obtained for 

the model development stage was 1.  The faecal 

coliform concentration was predicted using the 

developed regression equation. Thereafter the 

percentage error between the field value and 

predicted value of the faecal coliform concentration 

using the said equation was calculated as 12.5 %. The 

fuzzy based model was developed using five input 

parameters namely pH, temperature, D.O, BOD and 

turbidity, which seemed to be the most important 

factors influencing the presence of faecal coliforms 

in a surface water body. For generating rule base in 

fuzzy logic, weights of these parameters were 

determined using judgement matrix method. It was 

found that the parameter temperature had the 

maximum weight and thus proved that temperature 

was the most influencing factor in faecal coliform 

prediction. The output generated in fuzzy logic was 

compared with the actual values and the error was 

found to be very small. The regression model 

developed using the same parameters generated an 

output of higher percentage error. Thus, the 

superiority of fuzzy model over conventional 

regression for faecal coliform prediction was proved. 

4. CONCLUSION 

This study aimed at predicting faecal coliform 

concentration in surface water using inductive 

models. The fuzzy rule-based modeling proved to be 

a reliable and flexible tool to predict faecal coliform 

concentration. On comparing the observed value and 

predicted value of faecal coliforms in the lake, it was 

found that the percentage error obtained in fuzzy 

model was 2.8125 % while it was 12.5 % in the 

regression model. Thus, the result obtained from 

fuzzy model was superior to that of the SPSS model. 

Hence it can be concluded that fuzzy logic modeling 

can be used to predict the faecal coliform 

concentration in surface waters. The fuzzy model 

developed here would help in quick decision making 

for pollution abatement programs carried out for 

Sasthamkotta Lake. 
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