
Vol.:(0123456789)1 3

Modeling Earth Systems and Environment (2020) 6:2303–2315 
https://doi.org/10.1007/s40808-020-00814-w

ORIGINAL ARTICLE

Evaluation of WEPP and EPM for improved predictions of soil erosion 
in mountainous watersheds: A case study of Kangir River basin, Iran

Mehdi Ahmadi1 · Masoud Minaei2 · Omid Ebrahimi1 · Mehdi Nikseresht3

Received: 26 March 2020 / Accepted: 13 May 2020 / Published online: 23 May 2020 
© Springer Nature Switzerland AG 2020

Abstract
In the current study, WEPP and EPM models were used to estimate the amount of soil erosion and sediment in the basin of 
Kangir. The required data for implementation of the WEPP model were prepared in six categories including soil, climate, 
management, slope, drainage and reservoir based on which we took the information needed to build soil and management 
files. Some information such as texture, cation exchange capacity, organic matter, sand content, effective hydraulic flow and 
critical shear stress was used. After production of all the layers, the WEPP model was implemented using the GEOWEPP 
software. In this software, erosion and sediment amounts were estimated by three methods: domain, watershed and flow path 
methods. In the Kangir River watershed, the sediment content was 7.64 t/ha/year, 6.13 t/ha/year and 11.87 t/ha/year. Thus, 
the two methods of domain 7.64 t/ha/year and flow path 11.83 t/ha/year were closer to the observed sediment 10.5. Based 
on the EPM model, the sedimentation coefficient of the Kangir basin was 0.81. The results of the research indicate the high 
erodibility rate of the watershed basin. The erosion-sensitive units were located in the western and southwestern regions 
of the basin. In the EPM model, the erosion rate (Z) was 0.6 indicating moderate to high erodibility rate in the watershed. 
Furthermore, the highest erosion rate was in the western and southwestern parts of the watershed. Finally, the results of 
estimating soil erosion and sediment production in the watershed of Kangir illustrated that the WEPP model has a more 
accurate estimation of soil erosion and sediment production, and in this model, the flow path method used to estimate the 
amount of soil erosion and sediment production was close to the observed sediment at the hydrometric station.

Keywords Soil erosion · Mountainous watersheds · Sediment yield · WEPP · EPM · Kangir River basin

Introduction

Soil erosion and sediment production have a great impact on 
reducing soil fertility and waste and also lead to the filling of 
the reservoirs of dams. This destruction of the environment 
is as a result of human pressure on land use which has now 
become a major global problem (Alam 2018; Erlich 1988; 
Wilson 1992). Due to the high rate of population growth 
and the rapid degradation of natural resources, the effects 
of this destruction are felt in developing countries more 
than in developed countries (Feoli et al. 2000; Porro et al. 
2020). Soil erosion, or so-called soil cancer, is a complex 
process with environmental impacts that pose a potential 
threat to human life (Owengh 2003). Understanding the type 
of erosion, the cause and mechanism of its creation help to 
control erosion and its management (Grauso et al. 2007). 
Therefore, investigating the behavior and nature of the river 
and watersheds, and accordingly, studying the drainage 
basin from many aspects such as flood control, erosion and 
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sedimentation are of important significance (Brierley and 
Fryirs 2006).

Erosion models can be used to study and evaluate soil 
erosion in relation to land changes and the identification 
of sedimentary resources (Feng et al. 2010). They can be 
used to study soil erosion processes in relation to the way 
land is used in many parts of the world; they can also be 
used to produce hazard maps for soil erosion in basins where 
water conservation programs are proposed (Fox et al. 2006; 
Khan et al. 2001; Jain and Goel 2002). Nevertheless, sev-
eral empirical, numerical and experimental methods have 
been developed to estimate the sediment yield of a watershed 
(Noori et al. 2016). Despite the wealth of erosion models and 
applications, though, selection of an appropriate model for 
operational mapping remains a difficult undertaking (Kary-
das and Panagos 2018; Zheng et al. 2020).

Comparison of different models in watersheds is avail-
able in the literature. Amore et al. (2005) analyzed scale 
effects in WEPP and USLE to compute soil erosion in three 
watersheds in Sicily. Verma et al. (2009) applied WEPP and 
HEC-HMS models to simulated erosion and watershed run-
off in Upper Baitarani River basin of Eastern India. Defer-
sha et al. (2012) evaluated erosion 3D and WEPP in Mara 
River basin in Kenya. Chandramohan et al. (2015) evalu-
ated Unit Sediment Graph (USG), Water Erosion Prediction 
Project (WEPP) and Modified Universal Soil Loss Equa-
tion (MUSLE) in small watershed in Kerala, India. Fernán-
dez and Vega (2018) evaluated performance of WEPP and 
RUSLE for soil erosion modeling after wildfire in northwest 
of Spain. Abdelwahab et al. (2018) compared AnnAGNPS 
and SWAT models in Apulia, Southern Italy.

All these literatures suggest local scale erosion modeling 
and testing the models in watershed regarding their special 
conditions (Jazouli et al. 2019). The WEPP and EPM models 
were selected to evaluate the erosion in the Kangir water-
shed. The EPM model is an effective model that can be used 
for initial estimations of the rate of sedimentation in water 
paths in plans related to dams’ under-construction and other 
structures that require such data. In this model, the factors 
affecting soil erosion including topography, lithology, soil 
and land use as well as climatic factors of the basins are 
applied. The WEPP erosion estimation model is basically 
a physical model that calculates soil erosion and loss using 
spatial development approaches (Foster et al. 1995), and in 
contrast to the USLE/RUSLE and RUSLE2 models that have 
been used recently, the WEPP represents a new approach in 
calculating and estimating soil erosion and loss in a water-
shed (Kinnell 2017; Kinnell et al. 2018; Yu et al. 2000). The 
WEPP not only possesses all the capabilities of the USLE 
model and other models of estimation of soil erosion and 
sediment but also considers runoff as a factor in predict-
ing soil loss and calculates erosion with considerably more 
fundamental tools (Flanagan et al. 2007; Jiang et al. 2019; 

Kinnell 2017). Furthermore, the WEPP model is also able to 
assess the effects of management and interventions as well 
as environmental changes occurring in the basin on spa-
tial scales (Yu et al. 2000). Moreover, freely availability of 
model and applicability at various scales and working with 
little data (Defersha et al. 2012) plus results of many papers 
which approve WEPP model abilities in events (Acharya 
et al. 2011; Fernández and Vega 2018; Mirzaee et al. 2017; 
Srivastava et al. 2020; Yu and Rosewell 2001) and in com-
parison with SWAT (Shen et al. 2009), other models lead 
us to use it.

In the Kangir watershed, this is the first erosion research. 
The purpose of this study was to evaluate the erosion amount 
and sediment production in the Kangir watershed using 
WEPP and EPM models and find the best model for this 
watershed and similar basins. This has not been carried out 
thus far, and the aim is to fill this gap in the research litera-
ture and achieve precise and applied results in soil erosion 
and sediment production in areas with high vulnerability and 
low number of conservation programs. The specific research 
objectives of the study are to (1) identify potential sediment 
source areas and estimate the rate of sediment yield and 
(2) to evaluate WEPP and EPM’s performance in predicting 
soil erosion. Results from this study will help quantify the 
current rate of erosion, identify erosion hot spot areas and 
also evaluate the effect of different factors on the erosive 
processes.

Study area

The Kangir watershed covers an area of 71.553 square kilo-
meters in the southeast Ivan basin in the west and north 
of Ilam Province. The basin is at longitude of 46° 17′ 11″ 
to 46° 27′ 35″ East and latitude 33° 41′ 14″ to 33° 50′ 57″ 
North. Kangir River is the only permanent river of the basin 
which originates from Sarab Ivan located 9 km southwest of 
the Kangir basin. The river flows from the southeast to the 
northwest and receives temporary flow from the northeast 
and southwest directions. Kangir watershed is one of the 
subbasins of Ivan which is located between the Ilam, Sir-
rwan, Mehran and Gadar basins. In fact, the main river in 
this basin is the Kangir River created as a result of the con-
nection between the two rivers of Chavar and Kangir. Kangir 
Dam was also constructed at the site of the river (Fig. 1).

Materials and methods

WEPP model

In 1980 the first steps were taken to develop Water Ero-
sion Prediction Project (WEPP) model (Laflen and Flanagan 
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2013). Finally, it is developed in 1995 to provide new gen-
eration prediction technology to use by people and organiza-
tions who are active in soil and water conservation and envi-
ronmental planning and assessment (Flanagan and Nearing 
1995). WEPP is a continuous simulation computer-based 
model that is able to predict spatial and temporal distribu-
tions of net soil loss and deposition in small channels and 
in impoundments for a wide range of time periods and spa-
tial scales (Amore et al. 2005). According to Laflen and 
Flanagan (2013) “The WEPP components included plant 
growth, residue decomposition and management, water bal-
ance, weather generation, soil disturbance by tillage, rill and 
interrill soil detachment, sediment transport and deposition, 
and sediment particle size distributions” (Fig. 2).

The WEPP model is able to simulate the area in two 
ways: the domain and the watershed. In order to study 
the area by domain method, information is required in the 
form of four separate files of soil, climate, topography and 
management (Ahmadi et al. 2018). In the WEPP model, 
the topographic factors are introduced through a slope file. 
Among the topographic factors, the slope and direction 
factors should be entered in the relevant windows. For 
slopes more and less than 21%, calculation of slope length 
and calculation method are different. In case of soil data, 
the soil characteristics are maximally measured up to a 
depth of 1.8 m. Soil-related parameters important for the 
model are depth of each horizon, clay and sand, organic 

matter, cation exchange capacity, rocky mass, albedo, ini-
tial level of soil saturation, interlayer erodibility, critical 
shear stress and hydraulic flow. The percentage of the sun’s 
radiation reflected in the atmosphere (Albedo) is used to 
estimate the pure radiation that reaches the surface of the 
Earth, and its acceptable range is from 0 to 588% (Ahmadi 
et al. 2007).

Fig. 1  Map of the geographical location of the watershed of Kangir River and the subbasins of the Kangir River basin in Ilam Province

Fig. 2  Schematic of hillslope hydrologic processes. P, precipitation; 
Es, soil evaporation; Tp, plant transpiration; R, surface runoff; Rs, 
subsurface lateral flow; D, deep percolation; Qb, baseflow and Qs, 
deep seepage. The dotted blue line represents the groundwater level 
(Srivastava et al. 2015)
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Regarding climate factor, the most important information 
needed to perform the collision is the amount of temperature 
and daily rainfall and the parameters that must be calculated 
for the rainfall factor are: the average monthly precipita-
tion, standard deviation, rainfall skewness coefficient and the 
probability of a wet day after a rainy day or a wet day after a 
dry day. The factors to be calculated for the temperature fac-
tor are the average monthly maximum temperature, the aver-
age monthly minimum temperature, the standard deviation 
of monthly maximum temperature and the standard devia-
tion of monthly minimum temperature (Ahmadi et al. 2007). 
Chanel-related information including channel soil, channel 
slope, channel management and type of channel is used in 
this model too (Ahmadi et al. 2007). In order to determine 
the type of the channel, information including the shape of 
the channel, the friction slope, the type of control section in 
the outlet of the channel and the edge slope must be consid-
ered. Finally, in the WEPP model, any structure that causes 
the accumulation of water and sedimentation as a result is 
called reservoir (Ahmadi et al. 2007).

These reservoirs include agricultural basins, sediment 
reservoirs and reservoirs that are created in the area of the 
flow of water under the roads. Detailed information about 
the WEPP model can be found in (Srivastava et al. 2015) and 
WEPP user summary. (https ://www.ars.usda.gov/ARSUs 
erFil es/50201 000/WEPP/users um.pdf).

EPM model

The EPM model, in fact, is the advanced classification 
method using the (M.Q.C.E) method. In this method, four 
characteristics including erosion coefficient of the watershed 
(ψ), land use coefficient (Xa), rock and soil sensitivity to ero-
sion (Y) and mean slope of basin (I) in different land units or 
in created networks are investigated on the map. For each of 
the components of the land unit or networks, based on these 
four factors, the (Z) value or erosion intensity coefficient is 
calculated from the following equation (Eq. 1):

The EPM method is performed in two steps: first, deter-
mining the severity of erosion and, second, calculating 
the transported sediment. After calculating Z value, using 
Table 1, the qualitative classification of erosion is carried out 
(Refahi 2003). In this regard, the specific erosion or amount 
of erosion per unit area during a year in the watershed basin 
is obtained from the following equation (Refahi 2003):

where WSP is erosion rate in cubic meters per square kilo-
meter per year. H is average annual rainfall in the basin in 
millimeters, and T is the coefficient of temperature obtained 

(1)Z = Y × X
a
(Ψ + I

0.5)

(2)W
SP

= T ⋅ H ⋅ � ⋅ Z
1.5

from this equation T = (t/10 + 0.1) 0.5 where t is the mean 
annual temperature of the basin in C, while Z is the erosion 
intensity and π = the Pai number.

In the EPM model, the following mathematical func-
tions are used to estimate the rate of sediment; thus, the 
amount of sediment produced in the basins is calculated in 
this way. Usually, the amount of sediment that is measured 
at the outlet of the river is less than the eroded soil at the 
watershed area. Because a large amount of eroded soil might 
have sediment at another point in the basin, it is necessary to 
determine the sedimentation coefficient of the basin which 
is obtained from Eq. 3 (Refahi 2003):

where RU = sedimentation coefficient of the watershed; 
P = the perimeter of the watershed with km scale; L = water-
shed length in km (i.e., the longest length or the length of 
the main drainage); D = the height difference in meters, the 
value of which is obtained through Eq. 4 which Dav is aver-
age height of the watershed and DO = height of the outlet 
point in the river (Refahi 2003):

At the end, to calculate the specific sediment rate, the 
amount of erosion in the sedimentation coefficient is mul-
tiplied which is obtained from Eq. 5 and the total sediment 
discharge and the special sediment discharge in the total 
area of the watershed are multiplied which is obtained from 
Eq. 6 (Refahi 2003):

where GSP is the specific sediment rate in cubic meter per 
square kilometer per year; Wsp = the amount of specific ero-
sion in cubic meter per square kilometer per year; RU = sedi-
mentation coefficient of the watershed (which is the same 
as the SDR of the PSIAC method) GS = total sediment 
discharge in cubic meter per year; GSP = specific sediment 

(3)RU =
4(P ∗ D)0.5

L + 10

(4)D = (Dav − DO)

(5)G
SP

= W
SP

⋅ RU

(6)G
S
= G

SP
⋅ F

Table 1  Quantitative and qualitative classification of erosion in the 
EPM model

Erosion clas-
sification

Erosion intensity Limit values Z Average 
values Z

I Very intense Z > 1 1.25
II Intense 1 > Z > 0.71 0.85
III Average 0.7 > Z > 0.41 0.55
IV Little 0.4 > Z > 0.2 0.30
V Very little 0.19 > Z 0.10

https://www.ars.usda.gov/ARSUserFiles/50201000/WEPP/usersum.pdf
https://www.ars.usda.gov/ARSUserFiles/50201000/WEPP/usersum.pdf


2307Modeling Earth Systems and Environment (2020) 6:2303–2315 

1 3

discharge in cubic meter per square kilometer in a year, and 
F is the area of the watershed in square kilometers.

Finally, to implement the models information regarding 
the climate was collected from Ilam station which is the 
nearest station to the area of study in terms of topography 
and geographical location (Table 2). For soil file, factors 
such as clay percentage, percentage of gravel, organic matter 
percentage, cation exchange capacity, soil texture, effective 
hydrological flow, critical shear stress, rill erodibility, inter-
rill erosion, initial saturation level and albedo percentage 
were investigated in the samples (Table 3). After sampling, 
the total watershed area of Kangir was divided into 21 units 
in terms of soil type.

There are five types utilization of the Kangir watershed 
area: rangeland, garden, forest, agricultural and residential 
uses. Most of the area consists of forests and rangelands 
which are further divided into two categories of rangelands 
of the village and upstream rangelands of the basin. Grazing 
is the only action carried out in the rangelands. In gardens, 
actions such as harvesting the garden plans at the surface 
(twice a year), irrigation and shoveling around the trees are 
performed. After sampling the area and according to the 
type of utilization, 23 types of management were identified 
in the region.

In this research, the factor of slope was entered into two 
files: one in the slope file (hillslope size) and the other file of 
the drain (the value of the drainage slope). The slope infor-
mation was entered into the software Geo WEPP using a 
digital elevation map and in the form of longitudinal profile. 
Therefore, for this purpose, the drainage path was first iden-
tified and then the appropriate section for each hillslope was 
selected on topographic map. In the next step, ArcGIS 10.4 
software was used to draw up the relevant profile. Finally, 
the achieved numbers were written in the table relevant to 
slope file. Information regarding this file was prepared using 
the GeoWEPP software. In addition to drawing the networks 
of drainage and the slopes leading to each drainage, this 
software draws the longitudinal profile of each slope. Slopes 
cause an increase in water speed (both surface and river 
flows) and in the kinetic force of water and consequently its 
power of destruction and removal. Thus, it can be said that 
the volume of flood and surface currents directly depend on 
the slope of the basin. Channels in the area can be divided 
into three main categories. (1) Channels with a floor covered 
with stone and sides of the same material as of surrounding 
formations. (2) Channels with floors and sides of soil as 
of surrounding slopes. (3) Channels with floors and sides 
covered with gravel with a diameter of up to two centim-
eters. With regard to the above, it seems that the three types 
of drain paths are sufficient. However, for greater accuracy, 
the information of the drain path in each management unit 
was considered and 21 channels of water were created for 
the area and stored under the same management unit name. Ta
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Results and discussion

WEPP model

Watershed, flow paths and slope simulations methods were 
carried out into the WEPP model. By laying the subba-
sin’s boundary layer on the map after preparing the sedi-
ment yield of the basin, the intensity of sedimentation area, 
sediment load and the sediment amount emitted from the 
basin can be calculated in a time period (e.g., a year). In 
other words, soils that are separated from their bedrock 
are not all carried away with the flow of water, and some 
parts of the sediment are deposited elsewhere. The materi-
als which move along with water and reach the reservoir 
of the dam or any other control point are called the sedi-
ment load or the sediment production value. The specific 
sediment (the amount of sediment that is removed from the 
basin at a time per unit area) and the amount of sediment of 
each class in each of the subbasins can be obtained in terms 
of tons per hectare per year. The WEPP model does not 
estimate erosion quantitatively, but calculates the sediment 

delivery ratio (SDR) coefficient according to soil charac-
teristics and hydrological basin sedimentation. Therefore, 
specific and total sediments are calculated from the (SDR) 
coefficient which for the methods of watershed, the flow 
path and domain were 7.64, 6.01 and 11.87 t/ha per year, 
respectively. Subsequently, specific erosion was obtained by 
dividing these values by specific sediments. Total erosion 
was also achieved with regard to specific erosion and area of 
the studied region (Table 4). Comparison of the correlation 
coefficient with the sedimentation in the hydrometric sta-
tion and the achieved results indicated that the WEPP model 
had acceptable results in estimating the erosion and sedi-
ment values of the studied basin (Fig. 3). The inadequacy 
of statistical information from the study area created some 
limitations in the implementation of the research. Therefore, 
in conducting research projects and even studies, especially 
those that are in line with operational activities, the utilized 
methods and techniques for collection of the required statis-
tics and data are important issues that play a significant role 
in achieving the goals and must be well considered. Given 
the nature of such projects, the use of specific methods and 

Table 3  Results of calculated factors for the soil file in the Kangir watershed basin during the statistical period (2003–2014)

The name of 
the subbasin

Longitude Latitude Depth of soil 
horizons (mm)

Sand (%) Clay (%) Minerals (%) Caption exchange 
capacity (NFR/100HS)

Gravel (%)

A1 46/29/39 33/29/46 290 7.34 23.53 0.53 33.43 1
46/38/10 33/38/54

A2 46/27/39 33/26/28 300 36.8 27.41 1 17.87 1.2
46/38/32 33/31/08

A3 46/23/59 33/25/14 400 49.5 22.02 0.88 19.02 1.3
46/35/16 33/30/23

A4 43/23/28 33/23/55 200 22.9 29.37 0.17 49.87 2.1
43/31/22 33/28/59

A5 46/24/50 33/29/46 500 50.4 43.96 0.45 33.76 1
46/31/11 33/36/56

A6 46/20/33 33/29/07 450 56.7 48.55 0.37 44.65 1.6
46/28/02 33/37/10

A7 46/16/36 33/23/27 200 19.5 54.72 0.21 64.32 2.7
46/24/49 33/29/58

Total basin 46/16/36 33/23/27
46/38/32 33/38/54

Table 4  Erosion and sediment 
values derived from the three 
methods in the WEPP model

Type of parameter Methods Type of parameter

Watershed Flow path Domain

Specific erosion (t/ha/year) 5.3 12.47 8.93 –
Total erosion (t/year) 52,631 123,830 88,681 –
Specific sediment (t/ha/year) 6.01 11.87 7.64 10.5
Total sediment (t/year) 59,685 117,870 75,871 104,271.3
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Fig. 3  Map of erosion and sediment intensity in WEPP model show a erosion intensity, b erosion classification in Kangir watershed
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techniques has undeniable effects on increasing the speed 
and accuracy of the results.

EPM model

The assessment of the current erosion condition depends 
on some other factors. For example, if 80% of the area is 
affected by a variety of rill and gully erosion, it has the high-
est score, and if reversely the area has good vegetation, it has 
a low score. Here, to investigate the current state of erosion 
in the area, the researcher undertook a field study on the rate 
of rill and gully erosion and other factors that can affect the 
erosion of the region. ETM satellite 2016 was also used to 
investigate the four types of erosions: gullies, rills, sheet and 
stream bank erosion. In the layer of land use coefficient, a 
coefficient of 1 is considered for erodible areas and a coef-
ficient of 0.1 is considered for areas that are forested and the 
soil is protected. In this section, the average of four coeffi-
cients is examined and analyzed. The results of the average 
of four coefficients for soil erosion are shown in Table 5. 
Four layers were overlaid in the ArcGIS 10.4 software, and 
the potential erosion map of the area was produced. Thus, 
according to Eq. (1) and with the overlapping of the informa-
tion layers, the erodibility map of the basin was prepared. 
It should be noted that the coefficient of erosion intensity 
(Z) for each subbasin was calculated separately (Table 5), 
and its average was considered for the whole basin. The 
results of this map illustrate that the highest erosion was 
in the southwest and west of the basin because this area is 
composed of unstable formations which are susceptible to 
erosion. The steep slopes in addition to heavy precipitation 
and land use changes in this area have caused many of its 
supplies to encounter erosion crisis. The value of Z for these 
areas is greater than 1 which indicates the intense erodibility 
of this area.

The maps of the coefficients of erosion intensity of the 
watershed in Kangir River are shown in Fig. 4. The erosion 
map of the Kangir basin is shown which indicates that the 
least amount of erosion is related to the central and flat parts 

of the area where the plain of Ivan exists and most of the 
aquatic and dry farming as well as gardening are carried 
out at low slope. The highest rate of erosion belongs to the 
southwest and west of the basin (Fig. 4).

According to Eq. (2), the temperature layer, precipitation 
and layers of erosion intensity were multiplied by the Pai 
number using the above-mentioned analytical function and 
the annual map of specific erosion of the basin was obtained 
as a result. The map was then classified into five classes; 
by using this method, erosion can be obtained both quan-
titatively and qualitatively (Fig. 5). The amount of WSP 
for the basins and erosive units was calculated in terms of 
(Ton/hayear) and  (m3/km2 year). Finally, with regard to the 
apparent weight of soil, the annual erosion was obtained in 
terms of Ton/h for the basin. The calculated value of the 
specific erosion for the basin of the study was 9.61 Ton/
ha year (Fig. 6).

It is clear that in order to calculate the total sediment 
discharge in Ton per year for the area of study, the Gs must 
be multiplied by the apparent weight of the basin soil, and 
as a result, the mean of the computed parameter values was 
calculated for each subbasin (Tables 6, 7).

Comparing EMP and WEPP models

Table 8 shows the result of the comparison of EMP and 
WEPP models using sediment load value in Kangir study 
station graph. As indicated in Table 8, the obtained sedi-
ment values using WEPP and EMP models in the area of 
study were 11.87 and 8.01 Ton/ha year, respectively. By 
comparing the specific sediment values obtained from the 
two models of WEPP and EMP, it can be said that the two 
methods of domain with 7.64 Ton/ha year, and flow path 
with 11.87 Ton/ha year, have closer values to the observed 
number 10.5 and are suitable for assessing the amount of 
sediment and erosion in the region (Fig. 7). In the EMP 
model, the sediment production value is 8 Ton/ha. Finally, 
the results obtained from measuring the sediment and ero-
sion amount in Kangir watershed showed that the WEPP 

Table 5  Determination of the 
coefficient of erosion intensity 
Z and erosion class in the 
subbasins Kangir basin

Sedimentation and erosion class Subbasin Area km Land use Erosion 
coeffi-
cient

Geology 
coefficient

Slope Z

Average III A1 7.89 0.57 0.53 0.71 0.53 0.63
IV A2 8.69 0.48 0.51 0.53 0.46 0.27
Little IV A3 5.159 0.54 0.63 0.66 0.49 0.34
Average III A4 9.162 0.63 0.71 0.83 0.63 0.43
Average III A5 4.152 0.5 0.44 0.76 0.69 0.54
Intense II A6 8.113 0.59 0.55 0.81 0.71 0.78
Very intense I A7 5.109 0.51 0.78 0.93 0.77 1.2
Total basin average III 857.5 0.54 0.59 0.74 0.61 0.6
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model has more accuracy in estimating erosion and sedi-
ment production. Furthermore, in this model the method 
of flow path has a closer value to the observed sediment of 
the hydrometric station and thus can be used for assessing 
soil erosion and sediment production. Finally, the results of 
this study have a good relationship with the results of other 
researchers regarding the efficiency of the WEPP model in 
simulating soil erosion and sediment (Ahmadi et al. 2018: 
Ahmadi et al. 2007: Amore et al. 2005: Defersha et al. 2012: 
Grønsten and Lundekvam 2006: Mahmoodabadi and Artemi 
2013: Mahmoodabadi et al. 2014: Pandey et al. 2009: Singh 
et al. 2011). The findings of this study could be utilized in 
promoting the quantitative methods of assessing soil erosion 
and sediment yield computation in mountainous watersheds 
in Iran and elsewhere. The findings will provide information 
for scholars and those who intend to research soil erosion 

and sediment yield computation in mountainous watersheds, 
and such research has been less developed in the protection 
of soil and water resources in study area and Iran, because in 
recent decades the vulnerability of sensitive areas has been 
less considered. 

Conclusion

Basically the application of a single method for prediction 
of the erosion phenomena in watersheds is not effective 
and a set of actions and preparations which lead to optimal 
results must be taken. According to the obtained results, 
the Kangir basin is in the intense class in terms of erosion 
and sedimentation. Therefore, in order to prevent and con-
trol erosion, remedial and improved measures of rangelands 

Fig. 4  Map of erosion intensity coefficient of Kangir watershed shows a slope weight, b weight of the geological agent, c weight of the erosion 
factor, d weight of the utilization
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must be carried out for areas with low erosion, and the use 
of land platforms and biological methods for areas of aver-
age rate of erosion and biological operations for areas with 
high erosion must be undertaken. In addition to biological 
operations, other effective measures such as controlling over 
grazing and forest pests and management of the area must be 
organized to prevent human destruction. With regard to the 
development of natural resources, appropriate models are 
essential for proper estimation of erosion and sediment pro-
duction. Considering the results of this research, soil erosion 

Fig. 5  Map of erosion intensity 
in Kangir watershed

Fig. 6  Map of erosion intensity 
coefficient of the study area

Table 6  The mean of the computed parameters values in EPM model

Total sediment 
 m3/year

Specific sedi-
ment  m3/km2/
year

Sedimentation 
coefficient

Specific erosion 
 m3/km2/year

150,970 4617.4 0.8 15,564
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and sediment production studies can be undertaken in areas 
with the same conditions using the method and materials 
of this research. In this study, erosion and sediment rates 
were measured by three different ways in the WEPP model: 
domain, watershed and flow path for which the sediment 
values were 7.64, 6.08 and 11.87 t/ha/year, respectively, in 
the Kangir watershed. Based on this, the two methods of 
domain with 7.64 Ton/ha year and flow path with 11.87 Ton/

ha year have closer values to the observed sediment value of 
10.5 and are suitable for assessing the amount of sediment 
and erosion in the region. In this research, using EPM ero-
sion model and field analysis, the map of potential erosion 
in the study area was determined and the erosion rate in this 
basin was estimated to be 13.5 Ton/ha year and 961  m3/km2 
year, and the coefficient of sedimentation of the Kangir basin 
was calculated to be 0.81. Overall, the results of the research 
indicate an average to high erodibility rate of the region. The 
erosion-sensitive units are located in the west and southwest 
of the basin. And the sedimentation rate is high in the whole 
area of study. In this study, the rate of mean erosion (Z) in 
the whole basin was 0.6 which indicated a moderate to high 
rate of erodibility for the area. Moreover, the highest rate of 
erosion was found in the western and southwestern parts of 
the watershed which had very high rainfall, steep slopes and 
sensitive formations against erosion. The least erosion rate 
was in the center and northwest of the watershed. In fact, 
functional changes and human intervention have affected the 

Table 7  The mean of the computed parameters value for each subbasin in EPM model

Sedimentation 
and erosion 
class

Sedimen-
tation 
intensity

Subbasin Area hec Specific load 
 m3/km2 year

Sediment 
load  m3 
year

Specific sedi-
ment ton/ha 
year

Specific sedi-
ment (ton/km2 
year)

Sediment 
load (Ton 
year)

Area  (km2)

III Average A1 7.89 7.372 59.14754 6.5 05.542 34.19423 5/38
II Little A2 8.113 4.235 28.879 4.3 9.347 87.1363 9/3
II Little A3 5.159 3.211 27.643 4.3 55.330 978.78 7/2
IV Intense A4 9.162 9.523 68.14577 8.8 4.783 8.22755 1/27
III Average A5 4.152 2.361 5.15953 3.5 56.545 5.27344 5/47
III Average A6 7.69 9.390 4.21330 5.7 53.581 8.3164 9/53
IV Intense A7 5.109 7.574 7.1224 8.74 344.817 76.1589 9/1

Table 8  Comparing the observed statistics of sediment with the 
achieved values in WEPP and EMP models

Type of 
parameter

WEPP model EMP 
model

The 
observed 
numberSpecific 

sediment 
(t/ha/
year)

Domain Flow path Watershed

7.64 11.87 6.01 8 10.5

Fig. 7  Map of sediment intensity shows a sediment intensity in EMP model, b sediment intensity in WEPP model
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erodibility of the area in recent years which through proper 
measures and correct management of the watershed the dam-
age caused by erosion and sediment can be reduced to a 
great extent. The analysis of the data and research findings 
of the EMP model in estimating potential sedimentation and 
erosion of the watershed showed that the sediment value is 8 
tons per hectare. Finally, the results of the estimation of soil 
erosion and sediment production in the Kangir watershed 
showed that the WEPP model has a more accurate estima-
tion of soil erosion and sediment production than that of 
the EPM model. In this model, the flow path method used 
for estimating the amount of soil erosion and sediment pro-
duction had a closer rate to the observation sediment in the 
hydrometric station. In addition, it was determined that in 
the WEPP model, the watershed method is not a suitable 
method for estimating erosion and sediment, but the flow 
path and domain methods are appropriate methods.

References

Abdelwahab OMM, Ricci GF, De Girolamo AM, Gentile F (2018) 
Modelling soil erosion in a Mediterranean watershed: Comparison 
between SWAT and AnnAGNPS models. Environ Res 166:363–
376. https ://doi.org/10.1016/j.envre s.2018.06.029

Acharya G, Cochrane TA, Davies T, Bowman E (2011) Quantifying 
and modeling post failure sediment yields from laboratory scale 
soil erosion and shallow landslide experiments with silty loess. 
Geomorphology. https ://doi.org/10.1016/j.geomo rph.2011.01.012

Ahmadi H, Jafrari M, Abresham AS, Laflan J (2007) Estimation of soil 
and sediment erosion with wap model. Case study of Nishapur 
barareyeh Basin. Iran J Watershed Manag 75:161–172

Ahmadi M, Mokhtari D, Hejazi A, Nekseresht M (2018) Comparing 
WEPP and hydro physical models to estimate soil erosion and 
sediment production: A case study of Chardavol watershed. Q J 
Environ Eros Res 3(27):1–24

Alam M (2018) Ecological and economic indicators for measuring 
erosion control services provided by ecosystems. Ecol Indic 
95:695–701

Amore EM, Nearing MA, Santoro VS (2005) Scale effect in USLE and 
WEPP application for soil erosion computation from three Sicilian 
basins. J Hydrol 293:100–114

Brierley GI, Fryirs KL (2006) Geomorphology and river management. 
Blackwell Publication, Hoboken, p 387

Chandramohan T, Venkatesh B, Balchand AN (2015) Evaluation of 
three soil erosion models for small watersheds. Aquat Procedia 
4:1227–1234. https ://doi.org/10.1016/j.aqpro .2015.02.156

Defersha MB, Melesse AM, McClain ME (2012) Watershed scale 
application of WEPP and EROSION 3D models for assessment 
of potential sediment source areas and runoff flux in the Mara 
River Basin, Kenya. CATENA 95:63–72

Erlich RR (1988) The loss of diversity: Causes and consequences. 
In: Wilson EO, Peter FM (eds) Biodiversity. National Academic 
Press, Washington, pp 21–27

Feng, X., Wang, Y., Cheng, L., Fu, B., & Bai, G. (2010). Modeling soil 
erosion and response to land—Use change in hilly catchments of 
the Chinese loess plateau, p. 118.

Feoli E, Vuerich LG, Zerihun W (2000) Evaluation of environmen-
tal degradation in northern Ethiopia using GIS to integrate 

vegetation, geomorphological, erosion and socio-economic fac-
tors. Agr Ecosyst Environ 91:313–325

Fernández C, Vega JA (2018) Evaluation of the rusle and disturbed 
wepp erosion models for predicting soil loss in the first year 
after wildfire in NW Spain. Environ Res 165:279–285. https ://
doi.org/10.1016/j.envre s.2018.04.008

Flanagan DC, Nearing MA (1995) USDA-water erosion prediction 
project: hillslope profile and watershed model documenta-
tion, NSERL report no. 10. USDA-ARS National Soil Erosion 
Research Laboratory, West Lafayette, IN 47097-1196

Flanagan DC, Gilley JE, Franti TG (2007) Water Erosion Prediction 
Project (WEPP): Development history, model capabilities, and 
future enhancements. Trans ASABE 50:1603–1612

Foster GR, Flanagan DC, Nearing MA, Lane LJ, Risse LM, Finkner 
SC (1995) Hillslope erosion component. Chapter 11. In: Fla-
nagan DC, Nearing MA (eds) USDA-water erosion prediction 
project, technical documentation. NSERL

Fox D, Berolo W, Carrega P, Darboux F (2006) Mapping erosion 
risk and selecting sites for simple erosion control measures after 
a forest fire in Mediterranean France. Earth Surf Proc Land 
31(5):606–621

Grauso S, Fatloruso G, Crocettl C, Montanaral A (2007) A spatially 
distributed analysis of erosion susceptibility and sediment yield 
a river basin by means of geomorphic parameters and regression 
relationships. Hydrol Earth syst Sci 4:627–654

Grønsten HA, Lundekvam H (2006) Prediction of surface runoff 
and soil loss in southeastern Norway using the WEPP Hillslope 
model. Soil Tillage Res 85:186–199

Jain SK, Goel MK (2002) Assessing the vulnerability to soil erosion 
of the Ukai Dam catchments using remote sensing and GIS. 
Hydrol Sci J 47:31–40

Jazouli AF, Barakat A, Khellouk R, Rais J, Baghdadi ME (2019) 
Remote sensing and GIS techniques for prediction of land use 
land cover change effects on soil erosion in the high basin of the 
Oum Er Rbia River (Morocco). Remote Sens Appl Soc Environ 
13:361–374

Jiang C, Zhang H, Zhang Z, Wang D (2019) Model-based assessment 
soil loss by wind and water erosion in China’s Loess Plateau: 
dynamic change, conservation effectiveness, and strategies for 
sustainable restoration. Glob Planet Change 172:396–413

Karydas CG, Panagos P (2018) The G2 erosion model: an algorithm 
for month-time step assessments. Environ Res 161:256–267. 
https ://doi.org/10.1016/j.envre s.2017.11.010

Khan MA, Gupta VP, Moharana PC (2001) Watershed prioritization 
using remote sensing and geographical information system: a 
case study from Guhiya, India. J Arid Environ 49:465–475

Kinnell PIA (2017) A comparison of the abilities of the USLE-
M, RUSLE2 and WEPP to model event erosion from bare 
fallow areas. Sci Total Environ 596–597:32–42. https ://doi.
org/10.1016/j.scito tenv.2017.04.046

Kinnell PIA, Wang J, Zheng F (2018) Comparison of the abilities 
of WEPP and the USLE-M to predict event soil loss on steep 
loessal slopes in China. CATENA 171:99–106

Laflen JM, Flanagan DC (2013) The development of U.S. soil ero-
sion prediction and modeling. Int Soil Water Conserv Res 1:1–
11. https ://doi.org/10.1016/s2095 -6339(15)30034 -4

Mahmoodabadi M, Artemi C (2013) WEPP calibration for improved 
predictions of interrill erosion in semi-arid to arid environ-
ments. Geoderma 204–205:75–83

Mahmoodabadi M, Ghadiri H, Rose C, Yu B, Rafahi H, Rouhipour H 
(2014) Evaluation of GUEST and WEPP with a new approach 
for the determination of sediment transport capacity. J Hydrol 
513:413–421

Mirzaee S, Ghorbani-Dashtaki S, Mohammadi J, Asadzadeh F, Kerry 
R (2017) Modeling WEPP erodibility parameters in calcareous 
soils in northwest Iran. Ecol Ind 74:302–310

https://doi.org/10.1016/j.envres.2018.06.029
https://doi.org/10.1016/j.geomorph.2011.01.012
https://doi.org/10.1016/j.aqpro.2015.02.156
https://doi.org/10.1016/j.envres.2018.04.008
https://doi.org/10.1016/j.envres.2018.04.008
https://doi.org/10.1016/j.envres.2017.11.010
https://doi.org/10.1016/j.scitotenv.2017.04.046
https://doi.org/10.1016/j.scitotenv.2017.04.046
https://doi.org/10.1016/s2095-6339(15)30034-4


2315Modeling Earth Systems and Environment (2020) 6:2303–2315 

1 3

Noori H, Siadatmousavi SM, Mojaradi B (2016) Assessment of sedi-
ment yield using RS and GIS at two sub-basins of Dez Water-
shed, Iran. Int Soil Water Conserv Res 4:199–206. https ://doi.
org/10.1016/j.iswcr .2016.06.001

Owengh M (2003) Landuse planning and integrated management of 
natural hazards in Golestan province. Seminar on floods hazard 
prevention and mitigation, Gorgan, Iran, Abstract

Pandey A, Chowdary VM, Mal BC, Billib M (2009) Application of the 
WEPP model for prioritization and evaluation of best management 
practices in an Indian watershed. Hydrol Process 23:2997–3005

Porro R, Kim K, Spirandelli D, Lowry K (2020) Evaluating erosion 
management strategies in Waikiki, Hawaii. Ocean Coast Manag 
188:105–113

Refahi H (2003) Blue erosion and its control, 3rd edn. Tehran Univer-
sity Press, Tehran

Shen ZY, Gong YW, Li YH, Hong Q, Xu L, Liu RM (2009) A com-
parison of WEPP and SWAT for modeling soil erosion of the 
Zhangjiachong Watershed in the Three Gorges Reservoir Area. 
Agric Water Manag 96(10):1435–1442

Singh RK, Panda RK, Satapathy KK, Ngachan SV (2011) Simulation 
of runoff and sediment yield from a hilly watershed in the eastern 
Himalaya, India using the WEPP model. J Hydrol 405:261–276

Srivastava A, Wu JQ, Elliot WJ, Brooks ES (2015) Enhancements to 
the Water Erosion Prediction Project (WEPP) for modeling large 
snow-dominated mountainous. Forest Watersheds: EWRI Water-
shed Management Conference, Reston, VA, 209-228. https ://doi.
org/10.1061/97807 84479 322.019

Srivastava A, Brooks ES, Dobre M, Elliot WJ, Link TE (2020) Mod-
eling forest management effects on water and sediment yield from 
nested, paired watersheds in the interior Pacific Northwest, USA 
using WEPP. Sci Total Environ 701:134877

Verma AK, Jha KK, Mahana RK (2009) Evaluation of HEC-HMS 
and WEPP for simulating watershed runoff using remote sens-
ing and geographical information system. Paddy Water Environ 
8:131–144

Wilson EO (1992) The diversity of life. Belknap Press, Cambridge
Yitayew M, Pokrzywka SJ, Renard KG (1999) Using GIS for facilitat-

ing erosion estimation. Appl Eng Agric 15:295–301
Yu B, Rosewell J (2001) Evaluation of WEPP for runoff and soil 

loss prediction at Gunnedah, NSW, Australia. Aust J Soil Res 
39:1131–1145

Yu B, Ciesiolka CAA, Rose CW, Coughlan KJ (2000) A validation test 
of WEPP to predict runoff and soil loss from a pineapple farm 
on a sandy soil in subtropical Queensland, Australia. Aust J Soil 
Res 38:537–554

Zheng F, Zhang J, Wang J, Flanagan DC (2020) Assessing applicability 
of the WEPP hillslope model to steep landscapes in the northern 
Loess Plateau of China. Soil Tillage Res 197:104492

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.iswcr.2016.06.001
https://doi.org/10.1016/j.iswcr.2016.06.001
https://doi.org/10.1061/9780784479322.019
https://doi.org/10.1061/9780784479322.019

	Evaluation of WEPP and EPM for improved predictions of soil erosion in mountainous watersheds: A case study of Kangir River basin, Iran
	Abstract
	Introduction
	Study area
	Materials and methods
	WEPP model
	EPM model

	Results and discussion
	WEPP model
	EPM model
	Comparing EMP and WEPP models

	Conclusion
	References




