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ABSTRACT: 

     Fuzzy Inference System appears a promising approach to address many 

important aspects of networks, particularly in allied fields of civil 

engineering. In this paper a Fuzzy Inference System for land soil erosion 

assessment was investigated. 

     The land soil erosion is controlled by multifarious parameters, such as 

slope, soil physical properties (texture, structure, permeability, etc.), rainfall, 

runoff, and crop cover. 

     The rainfall coefficient(R), slope coefficient (LS), soil erodibility factor 

(K), cropping system(C), and supporting practices (P) parameters are treated 

as antecedents and the land soil erosion (A) is the consequent. Developing 

the basis model using generalized Mamdani method based on data collected 

from available literature and assessment of the validity of the basic model 

depending on experimental data. The obtained results with Fuzzy Inference 

System are compared with experimental values and found remarkably close 

to each other values and found remarkably close to each other. 

 

 

 

نظام الاسردلال الضثاتي تاسرخدامالررتح السطحيح  ترآكلالرنثؤ   
ثد الإله عثد اللطيفزينة ع  

قسن الهندسح الودنيح –كليح الهندسح  –جاهعح الثصرج   

 الخلاصح:

هجدالاخ العودل الوهودح صةاصدح قدي  قدول  نللعديدد هداظهر طريقح هقثولح  نظام الاسردلال الضثاتي

     . نظام الاسردلال الضثاتي لرأكل الررتح السطحيح ذقيين  الهندسح الودنيح. قي الثدايح سيرن ذحري

يعروددد الرآكددل هددن الررتددح السددطحيح علددو عدددل هددن العواهددل الورنوعددح هيددل الويددل صالوطددر صالسددي  

                     يح صالرركية صالثناء صغيرها(.ذكالنكا )صالغطاء النثاذي صالخواص الكيسياصيح للررتح

ء النثداذي صهعاهدل لقد ذن هعاهلح كل هن هعاهدل الوطدر صهعاهدل الويدل صهعاهدل الررتدح صهعاهدل الغطدا

 ج      ذقدداعرثر كردداتو. طددون النوددونظدام سسددنال الررتددح كأسددثقياخ اهدا هقدددان الرآكددل هددن الررتددح السدطحيح 

Mamdani                    اعروالا علو هعلوهاخ ذن ذجويعها هن       الأساسي تاسرخدام طريقدح 

النرداج  العوليدح  دن قونندد   ل علو ج تالاعرواذهجووعح هن الثحوز الورا ح صذقيين صلا يح النوو 

النراج  الوسرحصلح هن نظام الاسردلال  الضثاتي هو النراج  العوليح صصجد هناك ذقانب كثير تينهوا. 
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INTRODUCTION: 

       Land soil erosion removes organic matter from the soil and contributes 

to the breakdown of soil structure that will in turn affect soil fertility and the 

crop yields. According to Merritt et. al. (2003), soil erosion is a three – stage 

process: detachment, transport, and deposition. Detachment occurs when the 

erosive force of rainfall drop impact or when flowing water exceeds the 

soil's resistance to erosion. Detached particles are transported by the splash 

and flow of raindrop (Foster 1982). Detachment of soil particles is a function 

of the erosive forces of raindrop impact and flowing water, the susceptibility 

of the soil to detachment, the presence of material that reduces the 

magnitude of the eroding forces, and the management of the soil that makes 

it less susceptible to erosion. Transport is basically a function of transport 

forces of the transportability of the detached particles, and the presence of 

material that reduces the transport forces. 

     Understanding the soil erosion mechanism is very important to develop 

the soil erosion control techniques. The factors that influence the rate of soil 

erosion include rainfall, runoff, slope, land cover and the presence or 

absence of conservation strategies. However, it is impossible to develop 

precise simplest mathematical model that can predict the values of land soil 

erosion due to the behavior of controlled parameters. 

     In this paper a powerful tool known as Fuzzy Inference System (FIS) is 

used to precise analysis of the land soil erosion. Term “Fuzzy” was used by 

prof. Lotfi Zadeh, for the first time in 1962(Zadeh). In 1965 he published his 

pioneer, today still classic paper entitled “Fuzzy sets” the Fuzzy sets have 

since spread practically too all aspects of scientific disciplines (Zadeh 1965).  

     Fuzzy models have supplanted more conventional technologies in many 

scientific applications and engineering systems, especially in control systems 

and pattern recognition (Bezdek 1994). The property that makes Fuzzy set 

theory particularly interesting is its ability to handle the imprecision 

inherently present in a system. For the most complex systems where a few 

numerical data exist and where only ambiguous and imprecise information 

may be available, Fuzzy provides a way to understand system behavior by 

allowing the interpolation between observed input and output situations. The 

imprecision in Fuzzy models is generally quite high (Ross 1997).  

     This paper presents an (FIS) based model to predict land soil erosion by 

making use of available experimental data. These data are divided into 

training data and testing data. Training data are used in developing the (FIS) 

based model. In validating the (FIS) based model testing data are used. Five 

antecedents and one consequent is considered. The rainfall coefficient(R), 

slope coefficient (LS), soil erodibility factor (K), cropping system(C), and 



supporting practices (P) are treated as antecedent and the land soil erosion 

(A) as consequent.  

 

 

FUZZY INFERENCE SYSTEM  

     Fuzzy Inference System is the process of formulating the mapping from a 

given input to an output using Fuzzy logic. Fuzzy Inference System has been 

successfully applied in fields such as automatic control, data classification, 

decision analysis, expert systems, and computer vision. 

     Fuzzy Inference System, which is also called Fuzzy rule based system, is 

composed of (4) blocks as shown in figure (1). 

 
1- Fuzzifier: Transforms the crisp inputs into fuzzy inputs by member- 

ship functions (MF) that represent Fuzzy sets of input vectors; in this 

work, singleton fuzzifieer is assumed; ie., µA(x) =1 for x = xº and 

µA(x) = 0 for all x Э u  with x ≠ xº. 

2- Rules : Consists of fuzzy IF-THEN rules; 

3- Inference : Inference engine for fuzzy rules; 

4- Defuzzifier: Transforms the fuzzy output into crisp output. 

Defuzzification process requires the most computational complexity 

in FIS, and center of gravity or height defuzzification method is 

common (Chul Min 2003). The center of gravity method consists of 

selecting the value corresponding to the center of gravity for the 

solution set. Bisector is another method which produces a value that 

will split the area of the solution set in half. Three other 

defuzzification methods focus on the maximum member ship value 
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Fig. (1) A Fuzzy Inference System (FIS) 
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attained by the solution set. Frequently the maximum value of the 

solution set is arranged of values rather than a point value. “smallest 

of maxima” selects the lowest value at which the highest membership 

value is attained similarly, “ middle of maximal” and “ largest of 

maxima” respectively select the middle value and the largest value at 

which the largest membership value occurs the objective of the model 

will influence the selection of defuzzification methods. 

 

     The major component in an FIS is “Rules”, and rules are expressed 

in the form of IF THEN statements. Let u and v be universe of 

discourses for antecedent and consequent of the rules, then the rule of 

if x is A, then y is B. where x Э u, and y Э v, represents a relation 

between A and B, and extension to multiple rules and multiple 

antecedents can be easily done by specify in both composition and 

inference methods(Mendel 1995).  

     Rules are influential in selecting the number of variables and 

membership functions to be modeled with fuzzy logic because the 

model becomes exponentially more complex as the number of 

variables or membership functions increase. 

 

FUZZY MODEL FOR PREDICTION OF LAND SOIL EROSION 

      

     The fuzzy logic based model was devised by using fuzzy logic toolbox in 

MATLAB program 2008 as shown in figure (2). 

 

 

      

 

 

Fig.(2) Block diagram used for fuzzy modeling 



 

    A pervious experimental data are collected from available literature 

[Wisch-meier(1977), Nikami(1999), Navar(2000), Cooper(1997), and 

Dehaan (1992)]. These data (patterns) are divided into two groups; training 

data, and testing data. The training data are used to develop and train the 

fuzzy logic based model and the other data are used as a test set. 

 

     In developing the fuzzy logic based model the relation between the 

initiated fuzzy input and the required output is illustrated. Five inputs are 

captured and treated as antecedents, and the land soil erosion has been 

treated as linguistic output space. The membership functions for input 

parameters and output are choused depending on the experience gained, and 

its base values and some of them are shown in figures (3 to 6).  

 

 

 
 

 

 

 

 

 

Fig.(3) Fuzzy input membership function used for rainfall 

coefficient (R) 



 
 

 

 
 

 
 

 

 

 

 

Fig. (4) Fuzzy input membership function used for soil erodibility 

factor (K) 

Fig.(5) Fuzzy input membership function used for supporting practices  

factor (P) 



 
 

 
     The rules that relate the input membership functions to the output 

membership function are fixed and consist of 62 rules. These rules have 

been formulated with appropriate relation between input and output. The 

sample of the rule is shown in figure (7). 

 

Fig.(6) Fuzzy output membership function used for land soil erosion (A) 



 
 

 

 
 

 

 

     The number of rule is an important of the FIS. Clearly, the appropriate 

number of rules depends on the complexity of the system. A large number of 

rules, similar to a high order model, will bias the model toward specific data 

that can be imprecise or even erroneous. On other hand, less number of rules 

will likely to increase the output error (Elstner 1956). A sample output of 

this work for given input is shown in figure (8). 

 

 

 

 

 

 

 

Fig.(7) A segment of the rule frame 



 
 

 

 

 

 

     The relationship between actual and predicted land soil erosion are shown 

in figure (9), and the coefficient of correlation between actual and predicted 

land soil erosion is R=0.98. 

 

 

Fig.(8) Viewer rules 



 
 

 

  

 

 

VALIDATION OF FUZZY MODEL 

 

     Testing data are used to validate the developed model. Model validation 

must be carried out using the input – output that are not used for rules to 

evaluate the efficiency of the (FIS) in predicting land soil erosion. Figure 

(10) shows the relation between actual and predicted land soil erosion for 

testing data and the plot shows that the coefficient of correlation is R=0.94. 

 

 

 

 

 

 

 

  
 

 

Fig. (9) Regression analysis between predicted 

and actual values of land soil erosion 



 
 

 

 

 

 

 

 

     Different defuzzification techniques was used to predict the land soil 

erosion using five input parameters such as centroid, bisection, mean of 

maximum, small of maximum, and large of maximum. The values of R for 

these different defuzification techniques are shown in Table (1) and figure 

(11) show these results. 

 

Table (1) Values of R for different defuzzification techniques 

 

Method R 

Centroid 0.98 

Bisector 0.978 

Mean of maximum 0.98 

Small of maximum 0.976 

Large of maximum 0.976 

Fig.(10) Regression analysis between predicted 

and actual values of relative data for land soil 

erosion 



 
 

 

 

 

 

 

 

 CONCLUSIONS 

      

     This paper presented a Fuzzy Inference System for the prediction of land 

soil erosion in two stages model. In the first stage, developing the basic 

model using generalized Mamdani method is developed, and in the second 

stage, the validity of the basic model is conducted. To make the model; data 

driven, experimental data was used. The model was developed using 

MATLAB. The results of prediction were excellent, particularly with 

Centroid and Mean of maximum methods of defuzzification techniques. 

Furthermore, the average of error for prediction of the land soil erosion is 

4.9%. Finally it has been felt that; Fuzzy logic concept would auger well for 

modeling of land soil erosion and that of relatively small set of data.    

 

 

NOTATIONS 

 

R- rainfall coefficient 

LS- slope coefficient 

Fig. (11) Resulting using different defuzzification methods 



K- soil erodibility factor  

C- cropping system 

P- supporting practices  

A- land soil erosion 

FIS- fuzzy inference system   

MF- membership function 

u- fuzzy input  

v- fuzzy output 
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