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ABSTRACT 

Determination of the soil erodibility factor (K-factor) is a cumbersome and expensive 
undertaking in the effort to predict the soil loss rates. The percentage of soil particles less 
than 0.1 mm in diameter, the percentage of organic matter, the structural as well as the 
textural class and permeability are the most important factors constituting the soil erodi-
bility factor. Various methods of direct measurement for indirect prediction using models 
have been introduced so far for the measurement of K- factor. Using the new topics in in-
formation technology, in particular the fuzzy system including the Mamdani Inference 
Engine, Singleton Fuzzyfier and Centriod Defuzzyfier can determine the soil erodibility 
factor. The K values obtained with this method were compared with those of USLE 
method. Over 394 samples based on the Wischmeier nemograph as a database were in-
cluded in this research work by using the fuzzy system. Using some actual data in the 
fuzzy system and comparing it with the K values attained with the USLE model by calcu-
lation of the regression coefficient, the applicability of this system was revealed.  
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INTRODUCTION 

Soil erosion results from the detachment, 
the transportation and sedimentation of the 
soil particles. Factors such as wind charac-
teristics and similar climatic conditions play 
paramount roles in the disintegration of soil 
structure. Rain as an external factor plays 
the most important role and, of soil factors, 
erodibility phenomenon is main importance 
(Giovanini et al., 2001). The term soil 
erodibility has a different meaning from soil 
erosion (Bybordi, 1993 and Refahi, 1996). 
This is because soil erodibility is an expres-
sion of some inherent characteristic of soil 

susceptibility to erosion and of the soil parti-
cles to be separated from their base and 
transported to other locations. By definition, 
the soil erodibility factor is the average soil 
erosion in terms of ton/ha due to one unit of 
erosivity factors (EI)m from a control plot 
(Standard plot). A control plot would be 
22.1m long with a 9% uniform slope and 
two consecutive years in fallow, without any 
plant cover and plowed down slopes (Re-
fahi, 1997 and Torri et al., 2001).  

Up to now, various methods of direct 
measurement and indirect prediction using 
models have been introduced for the meas-
urement of the soil erodibility factor. The 
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first method has good accuracy but it is 
cumbersome and expensive in the effort to 
predict the soil loss rates (Tran et al., 2002; 
Mitra et al., 1998). This is the reason for 
improving the usage of model base included 
Wischmeier nemograph in USLE model and 
suggested in RUSLE model. This factor is 
calculated on the basis of soil texture, or-
ganic matter, soil structure and basic perme-
ability of the soil profile in the USLE model 
and only based on soil texture in the RUSLE 
model (Wang et al., 2001).  

Some investigators have reported that using 
a fuzzy system to predict soil erosion would 
improve our ability to predict predict (Tran 
et al., 2002; Mitra et al., 1998). In this pa-
per, we consider this new idea about using a 
fuzzy system to predict the soil erodibility 
factor and we design a fuzzy system instead 
of the Wischmeier nemograph. Since five 
parameters are used in the USLE model to 
determine the soil erodibility factor, the 
fuzzy system must use them and determine 
the K-factor by using data obtained from the 
Wischmeier nemograph. 

Fuzzy logic based modeling for the deter-
mination of soil erodibility factor is superior 
to the traditional statistical approaches and 
suggests a promising new avenue for other 
empirically based modeling needs. It has not 
only made possible a more flexible and more 
realistic procedure in describing the relation-
ship between the soil erodibility factor and 
the variables contributing to make up this 
factor, but it also overcomes the problems of 
uncertainty in the model parameters. 

The most important step in the fuzzy sys-
tem is the expression of the process in the 

IF-THEN logic. It is quite important to be 
able to determine which entry would pro-
duce the largest output with the smallest in-
cremental change (Bardosy and Duckstien, 
1995; Mokaidono, 2001). The studies by 
Wischmeier and Manning show that an in-
cremental change in the percentage of silt 
often results in a considerable change in the 
value of the erodibility factor so that soils 
with a 40-60% silt exhibit the greatest erodi-
bility among the soils (Refahi, 1997). An-
other report indicates that a percentage fig-
ure for soil particles of less than 0.1 mm 
shows a good regression with the maximum 
run off as well as soil erosion among a vast 
number of soils examined (Barthes and 
Roose, 2002; Loch, 1998). Soil organic re-
gression with the maximum run-off as well 
as soil erosion among a vast number of scat-
ter is the second most important parameter 
that affects the soil erodibility factor. Soil 
organic matter positively affects the stability 
of the soil permeability (Refahi, 1997). 

In this paper, we consider the Fuzzy Sys-
tem based on the Singleton Fuzzyfier, Cen-
teriod Defuzzifier and Minimum Mamdani 
Inference Engine. In this regard, at first, we 
define the inputs and outputs of fuzzy sys-
tem and their membership functions. Then 
we construct the database including IF-
THEN rules based on real results of sampled 
data from a Wischmeier nemograph. Finally, 
we apply this system to some actual data and 
show the fine performance of the fuzzy sys-
tem for soil erodibility factor estimation.  
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 Figure 1. A block diagram of the fuzzy system.
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MATERIALS AND METHODS 

Since the determination of the soil erodibil-
ity factor (K-factor) in the USLE model de-
pends on five parameters, it is the objective 
of this research to set up the fuzzy system so 
as to obtain the system output as K-factor 
with five inputs. These are the percentage of 
soil particles less than 0.1 mm (FSS), the 
percentage of coarse sand particles larger 
than 0.1 mm (CS), the soil structure class 
(SC), the permeability class and organic 
matter (OM) content. The output of the 
fuzzy system is the soil erodibility factor (K-

Factor).  
 The Fuzzy system has the following block 

diagram (Wang, 1997). (Figure 1) 
The design of the fuzzy system must in-

clude all of the four blocks in the diagram. 
Accordingly we selected the Singleton Fuz-
zyfier, Minimum Mamdani Inference Engine 
and Centriod Defuzzyfier. The Singleton 
Fuzzyfier will involve the smallest volume 
of calculations. It has been shown that using 
the Singleton Fuzzifier offers a reasonable 
accuracy with calculations and provides pos-
sibility of mathematical analysis. The Cen-
triod Defuzzyfier gives the best accuracy 

with the system output compared to other 
Defuzzifiers (Wang, 1997).  

For derived analytical formula, we can se-
lect two approaches in the Inference Engine; 
the multiplier Mamdani and Minimum 
Mamdani. Since the membership function is 
in the range of [0, 1], the first approach re-
sults in a few values for the K-Factor with 
respect to the second approach. For this rea-
son we selected the Minimum Mamdani In-
ference Engine.  

The important point in the fuzzy system is 
the determination of limits, intervals and 
membership functions. The inputs and the 
outputs of the system under consideration, 

along with the rectangular membership func-
tion, are given in Table 1. The selection of 
the rectangular membership function is 
based on our experience and other studies.  

The membership functions for any of the 
above parameters are given in figures 2, 3 
and 4. It is obvious that the membership 
functions consist of overlap functions, which 
will increase the system accuracy. After de-
riving the membership functions for the in-
puts and output, the rule base should be set 
for this, for which it will be necessary to 
utilize the available information and experi-
mental data. Therefore, 394 results (K-
factor) taken from the Wischmeier nemo-

Table 1. The fuzzy system inputs and output with the intervals. 

K-Factor (SI) OM% PC (cm/h) FSS% SC CS%  
0-5-15 
5-15-25 
15-25-40 
25-40-60 
40-60-80 
60-80-95 
80-95-100 

0, -0.5e-3, 1e-3 
0.5e-3,1.5e-
3,3.5e-3 
1.5e-3,3.5e-
3,5.5e-3 
3.5e-3,5.5e-3,7e-3 

0-5-15 
5-15-25 
15-25-40 
25-40-55 
40-55-65 
55-65-75 
65-75-85 
75-85-95 
85-95-100 

0.0-0.075-0.33 
0.075-0.33-1.015 
0.33-1.015-3.3 
1.015-3.3-8.185 
3.3-8.185-12.145 
8.185-12.145-13 

0.0-0.005-0.01 
0.01-0.5-1 
1-1.125-1.5 
1.5-2-2.5 
2.5-2.75-3 
3-3.25-3.5 
3.5-3.75-4 
4-4.5-5 

0.0-0.005-0.2 
0.005-0.02-0.045 
0.02-0.045-0.095 
0.045-0.95-0.15 
0.95-0.15-0.21 
0.15-0.21-0.26 
0.21-0.26-0.3 
0.26-0.3-0.34 
0.3-0.34-0.36 
0.34-0.36-0.45 
0.36-0.45-0.585 

Percentage of organic matter:  OM%     Soil particle size less than 0.1mm:  FSS%   
Soil Structure Code:  SC                         Soil Permeability Class:  PC   
Percentage of Coarse Sand (0.1-0.02mm):  CS%    
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graph at various limits were extracted and 
used in the fuzzy system rule base. The typi-
cal Lth rule has the form below: 
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Therefore, based on the Centriod Defuzzy-
fier (Wang, 1997) and calculated )K(Bµ in 
Equation (3) the soil erodibility factor for 
every unknown sample could be calculated 
once the values of x1 to x5 of any sample are 
known. Although this method is basically 
slow it is very accurate (Wang, 1997). Now 
we have a fuzzy system that can take the 5 
inputs and give the K-Factor.  
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Figure 2.  The membership function shows the permeability parameter and percentage of particles 

less than 0.1 mm for each of interval.   
Figure 2-1.  Membership function shows the permeability parameter in each interval. 
Figure 2-2.  Membership function shows percentage of particle less than 0.1 mm in each interval. 
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RESULTS AND DISCUSSION 

Several experimental data have been cho-
sen and applied to the fuzzy system in order 
to verify the performance of designed Fuzzy 
system.  

Table 2 shows a summary of the result. In 

this table, the soil erodibility factor is given 
on the basis of the Wischmeier nemograph. 
The comparison in Table 2 indicates that the 
values of the soil erodibility factor calcu-
lated by the fuzzy system are quite close to 
the values obtained by the USLE model. In 
other words, the method given here results 
K-values completely equal to the Wisch-
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Figure 3. The membership function shows the soil structure code and percentage of sand particles 

larger than 0.2 mm in each interval.   
Figure 3-1. Membership function shows the soil structure code in each interval.   
Figure 3-2. Membership function shows percentage of sand particles larger than 0.1 mm in each 

interval.   
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meier nemograph. Predictions from the K-
USLE and fuzzy model (K-FUZ) were com-
pared by calculating the coefficient of de-
termination R2 defined by Nash and Sutcliffe 
(1970) which is calculated as follows: 
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Where K_FUZ and K_USLE are computed 

values of sample i, based on the fuzzy sys-
tem and USLE model, respectively, and 

UZFK _ is the mean of measured values.  
The 2

sNR −  coefficient for our experiments 
yields the following value by applying the 
above formula to Table 2:  

9886.02 =−sNR                      (5  
As we observed the correlation of the two 

models is near 1 and the fuzzy system can be 
used instead of Wischmeier nemograph to 
predict soil erodibility factor.  

In this paper, we achieved a greater gener-
ality with the Wischmeier nemograph based 
on fuzzy system because the fuzzy system 
does not require the real model of K-factor 
and so has more flexibility. Also, the fine 
performance of the designed system has 
been shown by validated experimental data. 

In the fuzzy system, we can combine some 
inputs and make new input. Also, we have a 
rule base that can be developed by new data 
and therefore high accuracy is achievable. 
The fuzzy system provides a base for more 
studies such as neglecting any input without 
losing accuracy in the estimation of the soil 
erodibility factor. 

The experimental values of the five pa-
rameters of the Wischmeier nemograph have 
errors at various steps of laboratory work 
caused by the instruments and human error. 
Since we have considered an interval for 
each parameter and have obtained an accu-
rate estimation of the K-factor, we have 
automatically resolved the uncertainty in 
Wischmeier nemograph parameters obtained 
by laboratory method.  

The fuzzy system model can be a practical 
way to obtain a more general method to de-
termine the soil erodibility factor in the 
world. In this regard, a greater value base 
and more accurate interval of inputs and 
output yield more a accurate value for the K-
factor. Therefore, we have applied experi-
mented data to the rule base of fuzzy system 
where the Wischmeier nemograph is not 
practical, and so we have designed a more 
generally applicable model.  

Table 2. The results of soil erodibility factors obtained with the fuzzy sys-
tem and with the USLE model 

K-Fuz K-
USLE O.M% P.C F.S.S% SC C.S% Row 

0.4667 0.5 1 4 69 4 5 1 
0.3000 0.3 2 5 53 3 10 2 
0.312 0.3 1 2 50 4 40 3 

0.0969 0.1 2 3 36 2 10 4 
0.0696 0.1 2 3 20 2 60 5 
0.0549 0.05 2 1 23 4 20 6 
0.0555 0.05 4 2 70 3 16 7 
0.4667 0.5 1 4 96 4 5 8 
0.2045 0.2 1 4 23 4 40 9 
0.2465 0.25 1 4 14 4 80 10 

Percentage of organic matter:  OM%      Soil particle size less than 0.1mm:  FSS%   
Soil Structure Code:  SC                           Soil Permeability Class:  PC   
Percentage of Coarse Sand (0.2-0.02mm):  CS%    
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CONCLUSION 

The fuzzy system with the Singleton Fuz-
zyfier, the Minimum Mamdani Inference 
Engine and Centriod Defuzzyfier is able to 
calculate the soil erodibility factor quite 
accurately.  

Comparing the value calculated using the 

designed fuzzy system with K values ob-
tained from the USLE model shows that the 
fuzzy logic based modeling for the determi-
nation of the soil erodibility factor is supe-
rior to the traditional statistical approaches 
and suggests a promising new avenue for 
other empirically based modeling needs. It 
has not only made possible a more flexible 
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Figure 4. The membership function shows the organic matter factor and soil erodibility factor 

(ton.ha.h/Mj.ha.mm) in each interval.   
Figure 4-1. Membership function shows soil erodibility factor (ton.ha.h/Mj.ha.mm)in each interval.  
Figure 4-2. Membership function shows the organic matter factor. 
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and more realistic procedure for describing 
the relationship between soil erodibility fac-
tor and the variables contributing to make up 
this factor. 

Since the approach is quite simple, and no 
other parameters than those used in calculat-
ing and thus the main structure of Wisch-
meier nemograph are maintained. Therefore 
the advantages of this approach become 
clear only when all the factors used in the 
USLE model are combined and incorporated 
in to the fuzzy model so as to be able to pre-
sent a fuzzy system for the evaluation soil of 
erodibility.  
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 هاي فازي پذيري خاك بر اساس سيستم ارائه روشي جديد، جهت تعيين فاكتور فرسايش

  قرباني واقعي،. قرباني واقعي، ب. بهرامي، ح.ح
 طليعي طبري. ر  و  فطهماسبي پو. ن 

 چكيده

بر در پيشگويي ميزان  يكي از كارهاي طاقت فرسا و هزينه (K)پذيري خاك  تعيين فاكتور فرسايش
متر، درصد ماده آلي، كلاس ساختمان و   ميلي1/0درصد ذرات كوچكتر از .  باشد  ميهدر رفت خاك

هاي  تا كنون روش. باشند گيري اين فاكتور دارا مي كلاس نفوذپذيري خاك بيشترين تأثير را در اندازه
ور معرفي براي تعيين اين فاكت) استفاده از مدل ( يا غير مستقيم ) گيري اندازه(مختلفي به صورت مستقيم 

در اين مقاله با استفاده از مباحث جديد در فناوري اطلاعات و با تكيه بر سيستم فازي كه در . اند شده
پذيري خاك  زداي مركز ثقل است، فاكتور فرسايش گر تكين و فازي برگيرنده موتور استنتاج فازي، فازي

(K)  حاصل از روش تعيين و براي اطمينان از عملكرد سيستم، نتايج آن با نتايجUSLEمقايسه گرديد   .
 نمونه مطالعاتي بر اساس نموگراف ويشماير به صورت پايگاه داده در سيستم 394براي اين كار بيش از 

محاسبه شده با  Kدر نهايت با اعمال چند داده عملي به سيستم فازي و مقايسه فاكتورـ .  فازي گنجانده شد
 . داده شدعملكرد صحيح روش فازي نشان  USLEمدل 

 


