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Abstract. Various projects have been implemented to control erosion and conserve soil/water resources.
One method used to evaluate soil and water conservation projects involves mapping of erosion across a
region. This study employed geomorphological methods and the so-called Analytic Hierarchy Process
(AHP) technique to prepare an erosion map of Safaroud watershed in Mazandaran Province, Iran, with
the aim of evaluating soil and water conservation projects. The erosion map of the region under study was
compiled at two reference points in time: prior to project implementation (1994) and after projection
completion (2014). The map for the erosion trend of each working unit was prepared either as positive or
negative, based on a comparative examination of the erosion map for each working unit against another
working unit at the two reference points in time. The effectiveness of projects in each working unit was
evaluated by matching the erosion map compiled through maps of soil and water conservation projects
implemented across the region. After the statistical analysis of erosion intensities before and after project
implementation, the results indicated no significant relationship between the erosion intensities before and
after project implementation, at an error level of 0.05. However, most of the units where the erosion
trends turned upwards were located along the margins of villages, mainly due to unsystematic
development of the rural areas. Erosion intensities were reduced in most of the forested areas, indicating
effectiveness of project implementation in those areas.
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Introduction

Soil erosion is one of the most serious environmental problems in the modern world
as it acutely threatens agriculture, natural resources and the environment (Onyando et al.,
2005). In terms of erosion, Iran is in a poor state. Average soil loss in Iran is estimated
to be around one billion tonnes per year (Arab Khedri, 2014).

So far, several measures have been taken to prevent soil erosion. It is, however,
critical to evaluate the efficacy of the conservation projects. Nevertheless, soil and water
conservation measures also have ecological and social impacts that cannot be easily
quantified in monetary terms (Tenge, 2005).

Various models are employed to evaluate actions taken to conserve soil and water
resources. In this respect, native models can be effective. This study intended to
evaluate soil and water conservation projects by focusing on erosion intensity as the
main effective parameter. For this purpose, a geomorphological model (Ahmadi, 2006)
was used to estimate the intensity of erosion.
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The effective implementation of soil conservation measures requires a previously
undertaken spatially distributed erosion hazard and risk assessment (Moussa et al.,
2002, Souchere et al., 2005). In order to calculate a region’s erosion hazard, one should
study regional soil conditions, climatic characteristics, vegetation, terrain, ground cover,
etc. Various papers have proposed methods to evaluate erosion hazard and risk based on
different parameters, such as morphometric variables (Jozefaciuk and Jozefaciuk, 1993),
sediment yield information (Rooseboom and Annandale, 1981) and rainfall erosion
indices (Hudson, 1981).

In this geomorphological model, different criteria have been used for mapping
erosion. Using advanced remote sensing (RS) and geographical information system
(GIS) techniques and modelling approaches, investigators also developed methods for
erosion hazard and risk evaluation, such as integrated and systematic approaches (Tian
et al., 2009; Vezina et al., 2006), fuzzy and artificial neural-network evaluation methods
(He, 1999), geostatistical multivariate approaches (Conoscenti et al., 2008), soft
computing method (Gournellos et al., 2004), and analytical risk evaluation methods
(Masoudi et al., 2006; Wu and Wang, 2007).

The reliability of susceptibility maps depends mostly on the amount and quality of
available data, working scale, and the choice of appropriate methodology for analysis
and modelling (Sar et al., 2016).

Early attempts had defined susceptibility classes by qualitatively overlaying
geological and morphological slope attributes onto soil erosion inventories (Nielsen et
al., 1979). However, more sophisticated assessment methods have been reported in
recent years, e.g. Analytical Hierarchy Process (AHP), bivariate, multivariate, logistic
regression, fuzzy logic, or Artificial Neural Network (ANN) (Chacoén et al., 2006; Lee
et al., 2006; Akgun et al., 2008; Oh et al., 2009). The geomorphological model proposed
by Ahmadi, 2006 is a qualitative model quantified by AHP and GIS techniques
(Ahmadi et al., 2009; Mohammad Khan, 2009; Angabini, 2014).

The application of the AHP method, developed by Saaty (2008) for soil erosion
susceptibility mapping, has been found in e.g., Barredo et al. (2000) and Yagi (2003),
while the use of a Weighted Linear Combination (WLC) technique was reported by
Ayalew et al. (2004).

Using the AHP technique and repetition rate, an erosion sensitivity map has been
prepared for Keleghai watershed in India. Based on this study, comprehensive erosion
susceptibility management strategies were anticipated for efficient management of
present and future erosion disasters in the area (Sar et al., 2016).

In 2014, a survey was conducted through Multi-Criteria Analysis (MCA) to evaluate
the soil and water conservation activities in highlands of northwest Ethiopia. In this
study, MCA was employed to evaluate soil and water conservation activities through
several qualitative criteria and weighting factors. It was found that the degree of
importance for each criterion in the evaluation of projects depended greatly on the
physical factor of slope (Teshome et al., 2014).

In 1990, Safaroud watershed experienced a flood, with flow rate of 296 m®/s, causing
considerable human and financial losses (Engineers, 1994). In order to prevent floods
and curtail soil degradation across the region, the Safaroud Watershed Comprehensive
Project was completed in 1994. Based on the results of this project, several soil and
water conservation measures were taken up across the region.
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This study is an attempt to evaluate the effectiveness of the soil and water
conservation activities already undertaken in the region. For this purpose, the
geomorphological method by Ahmadi (2006) was used to map erosion intensity.

The erosion intensity map was compiled at two reference points in time, namely,
prior to the project implementation (1994) and after the projection completion (2014).
By comparing these maps, the erosion trend in each working unit and efficacy of each
project were determined.

Materials and methods
Study area

Safaroud watershed is located in the west of Mazandaran Province (northern Iran)
and covers an area of 13,551 hectares. Approximately 9,500 hectares of the region are
forested, while 4,051 hectares are covered by rangelands. There are over 20 villages
within the watershed region. Elevation of the highest across the watershed is 3,560
metres above sea level, whereas the lowest point is as low as 76 metres above sea level

(Fig. 1).
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Figure 1. Map of study area in Mazandaran province, Iran.

Geomorphological model

This model explores several criteria, including physiographic, geology, soil, climate,
hydrology, vegetation, land use and socio-economic characteristics. In addition, the
model takes erosion status across the region as a contributing factor (Ahmadi, 2006).

This qualitative model has already been quantified by different researchers, who
have also examined it in different parts of Iran. The results obtained from this model
were matched against the observational data, demonstrating great accuracy of the
proposed model (Mosayebi et al., 2008).
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Data collection

This study intended to compare erosion intensities at two reference points in time,
namely, before and after the implementation of soil and water conservation projects,
across the study area — so as to evaluate how effective each project has been. This study
was conducted in two stages.

Firstly, the erosion intensity map was prepared through a geomorphological method
at reference times (i.e. before and after project implementation, 1994). This stage
involved available reports and maps for Safaroud Watershed Comprehensive Project
(1994).

For mapping the erosion intensities at the latter reference time (i.e. after project
implementation, 2014), data was collected from the following sources:

- Sheets of topographic maps of Ramsar and Javaherdeh at a scale of 1:50,000,

- Landsat 8 satellite images,

- Field study, and

- Compilation of maps and information for soil and water conservation projects
implemented across the region.

Preparation of information layers

After compiling the basic information regarding the region, several maps were
produced, based on the criteria under study: geomorphological map and regional map of
the working units at the two reference times. Table 1 presents available criteria and
options in the geomorphological model of the present study, which were adapted to map
erosion.

Table 1. Criteria, indices and options under study.

Criterion Index Options
Phvsioaranh Slope <10, 10-20, 20-30, 30-40, >40%
yslograpny Aspect N, E, S, W
Precipitati 600-700, 700-800, 800-900, 900-1000, 1000-1100, 1100-
recipitation
. 1200mm
Climate Precipitation
P Snow- Rain
form
Geology Formation type Qal- Qs- Javaherdeh- Shemahak- Nesen-Tizkooh- Elika
Soil Soil texture Loam-Sandy Loam- Clay Loam- Clay- Silty Clay- Loamy Sand
Infiltration Relatively high- Moderate- Relatively low
Ger:cmnatlon Shrub- Grass
) orm
Vegetation c
overage <30- 30-75 - >75%
percentage
Type_ and Good pasture, Moderate pasture, Degraded forest, semi-
Land Use severity of .
L degraded forest, good forest, garden, village, rock
exploitation

After preparing the information layer for indices, the maps were divided into several
classes, based on their options.
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The geomorphological maps from years prior to project implementation (1994) were
obtained from corresponding reports, while the geomorphological map for the latter
reference time (2014) was compiled based on satellite images and field studies.

Assigning weights to layers

The relative preferences of options were specified and their pair-wise comparison
matrices were completed through the application of AHP technique, based on the ratio
of area under erosion to total area for each option and Equation (1) (Mohammad Khan,
2009). In the next stage, EXPERT CHOICE was used to calculate the relative weight of
each option.

P=AAX008+1 (Eq.1)

Where P: Preference of options relative to each other and AA: differences in areas of

regions with erosion in each option.

For assigning weights to the indices, the erosion-prone options were specified in each
index. Then, the ratio of the erosion-prone area in a region where erosion had occurred, to
total area of erosion facies, was calculated. Finally, a table was completed for preference of
each index, and the weight of each index was calculated. In order to assign weights to the
criteria, the corresponding indices to each criterion with the highest percentage of erosion area
in the previous stage were selected as the dominant indices. These were then used to complete
the pair-wise comparison matrix of criteria, and to finally calculate the weight of each
criterion. The combined weight of options was calculated by multiplying the weight of each
category by its higher category. Then, the sum of the weights for options of each index was
calculated, while the weight of each criterion was calculated by the sum of weights for indices
of that criterion (Tables 2 and 3).

Table 2. Combined weights of options, indices and criteria at the reference time before
project implementation (1994).

Options weight Indicators weight Criteria Weight
<30 0.04
30-75 0.007 Coverage 0.057
>75 0.01 percentage
Tree 0.003 Vegetation 0.075
Shrubs 0.012 Germination form 0.018
Grass 0.003
Loam 0.008
Sandy Loam 0.01
Clay Loam 0.005 Soil texture 0.034
Clay 0.007 Soil 0.066
Silty Clay 0.001
Loamy Sand 0.003
Relatively High 0.012
Moderate 0.008 Infiltration 0.032
Relatively Low 0.012
Good Forest 0.002
Semi- degraded 0.006
forest
Degraded forest 0.023 Land use 0.081 Land use 0.081
Good pasture 0.01
Village 0.014
Garden 0.024
Rock 0.002
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Q2 0.1
Qs 0.03
Javaherdeh 0.04
Sh,\elg;sef;ak 0%0039 Geology 0.253 Geology 0.253
Tizkooh 0.008
Elika 0.036
800-900 0.035
900-1000 0.02 Precipitation 0.155
1000-1100 0.026 Climate 0.256
1100-1200 0.074
Rain 0.03 Precipitation
Snow 0.08 form 0.11
<10 0.05
10-20 0.06
20-30 0.02 Slope 0.21
33;1?)0 ggj Physiographic 0.254
N 0.01
E 0.008 Aspect 0.044
S 0.015
W 0.011

Table 3. Combined weights of options, indices and criteria at the reference time after
project implementation (2014).

Options weight Indicators weight Criteria Weight
<30 0.018
30-75 0.042 Coverage 0.07
>75 001 percentage
Tree 0.004 Vegetation 0.089
Shrubs 0.01 Germination 0.019
Grass 0.005 form
Loam 0.012
Sandy Loam 0.008
Clay Loam 0.005 .
Clay 0.007 Soil texture 0.034 _
Silty Clay 0.002 Soil 0.066
Loamy Sand 0.003
Relatively High 0.011
Moderate 0.015 Infiltration 0.032
Relatively Low 0.006
Good Forest 0.003
Semi- degraded forest 0.01
Moderate pasture 0.017
Good pasture 0.005 Land use 0.045 Land use 0.045
Village 0.007
Garden 0.002
Rock 0.001
Q2 0.083
Qs 0.035
Javaherdeh 0.017
Shemshak 0.022 Geology 0.269 0.269
Nesen 0.075
Tizkooh 0.017
Elika 0.02 Geology
600-700 0.009
700-800 0.03
800-900 0.035 Precipitation 0.189 0.269
900-1000 0.03
1000-1100 0.015 Climate
1100-1200 0.07
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Rain 0.02 Precipitation
Snow 0.06 form 0.08
<10 0.1
10-20 0.02 Slope
20-30 0.02 0.2
32::]0 88421 Physiographic 0.256
N 0.006
E 0.022 Aspect 0.056
S 0.025
W 0.003

The weights were assigned to erosion facies through expert opinions as acquired via
a questionnaire (Table 4).

Table 4. Weights of erosion facies.

Facies  Regular Sheet Rill Gully Massive Stream — Rocky Rock
hillside erosion erosion erosion erosion bank erosion protrusions mass
weight 0.03 0.063 0.087 0.221 0.388 0.129 0.05 0.028

Mapping of erosion intensities

After calculating the combined weights, the information layers on indices were
prepared, based on the combined weights of their options. Then, Equation (2) was used
to compile the erosion intensity map (Metternicht and Gonzalez, 2005).

GM=(P+C+G+S+V+L)*Facies (Eq.2)

Where GM: Erosion intensity, P: Physiography, C: Climate, G: Geology, S: Soil, V:
Vegetation, and L: Land use.

All these layers and maps were generated for the two reference points in time, i.e.
before the implementation of soil and water conservation projects (1994) and after their
implementation (2014).

Evaluation of soil and water conservation projects

The projects implemented in the region were evaluated by firstly preparing maps of
the working units through integration of geology, erosion and facies layers, slope, and
aspect contributions. The maps included 39 homogeneous units. Weighted average of
erosion intensity in each working unit was calculated by matching the erosion intensity
map to the working unit’s map, while preparing an average erosion map for each
working unit (Fig. 2 and 3). Fig. 4 shows a graph of erosion intensity change.
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Figure 2. Erosion intensity map at the base time before project implementation (1994).
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Figure 3. Erosion intensity map at the base time after project implementation (2014).
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Figure 4. Erosion intensity change

By comparing the maps of erosion intensity at the two reference times, it was
revealed whether the erosion trend in each working unit was positive or negative; see

Fig. 5.
The maps of erosion trends across the region were matched against the maps of soil

and water conservation projects, indicating how effective each project was in the
working units.
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Figure 5. Map of erosion trends.

Statistical analysis

By comparing the average values for two dependent groups (paired sample t-test),
the erosion trends in the working units were tested at the two reference times, returning
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a p-value of 0.05, so that the significances of the efficacies of the projects were
statistically determined.

Results and discussion

The map of the erosion trend was compiled by matching the erosion intensity map at
the two reference times under consideration (Fig. 5).

Being a dimensionless number, erosion intensity was multiplied by 1000 to gain a
better understanding and better representation of possible differences. Fig. 6 shows a
graph of erosion trends.
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Figure 6. Erosion trends

The erosion trend map was matched against the map of projects implemented in the
region, so that in each unit, effectiveness of various projects on erosion trend was
indicated. Table 5 reports the results of statistical analysis at p-value 0.05 by comparing
average values for the two dependent groups.

Table 5. The results of statistical analysis (paired samples test).

Paired Samples Test Paired Differences t df  Sig. (2-tailed)
Mean Std. Std. Error  95% Confidence Interval
Deviation Mean of the Difference
Lower Upper
. GM1994 -
Pair 1 GM2014 -.06426  1.11397 .17838 -.42536 .29685 -.360 38 721

Assuming that Sig >a (0.721 >0.05), the null hypothesis (Ho), i.e. equality of average
values of the two groups, was proven, indicating no significant difference in erosion
intensities before and after project implementation across the region. Therefore, the soil
and water conservation projects implemented in the region have failed to have any
significant effect on erosion intensity at Safaroud watershed. Fatollahi (2008) and
Eisazadeh et al. (2012) in the evaluation of soil and water conservation projects came to
similar conclusions.

Unlike the statistical results, erosion intensities decreased in 18 units out of 39
working units, most of which have been located in forests. Further, erosion increased in
15 units, while it remained unchanged in one unit at the two reference times. Although
18 out of the 39 working units indicated decreasing erosion trends, the downtrend rates
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were insignificant. However, the increasing erosion trends in 15 units were extremely
high. Most of the units exhibiting extreme erosion intensities were located in rural areas,
particularly the tourist-attracting village called Javaherdeh as well as the surrounding
villages. These regions host human activities such as road construction and
development of rural areas.

There is a road running from Javaherdeh Village to the end of the watershed, on top
of which the road meets an adjacent watershed called Chalakroud, at an altitude of
3,560 metres. Along this road, there is a production plant for sand. Extreme erosion is
observed around the road. Although numerous structures (soil-saving dam) have been
established inside the watersheds to curtail the destructive effect of the road, there is
still a visible erosion trend in the working units across the region. Fatollahi (2008),
Sidle (2010) and Zemke (2016) in their studies recognized that road construction is an
important factor in erosion.

Nonetheless, the erosion trend was found to be decreasing in most parts of the forest-
covered parts of the watershed. The exploitation rate has been curtailed in these areas in
response to the implementation of programmes to take livestock out of the forests. Most
residents of these areas are engaged in businesses providing services to travellers and
tourists. Although there are forest exploitation companies operating in the region,
protective projects implemented in forests have proved effective.

The region under study is a tourist attraction in Iran, hosting the tourist village
Javaherdeh, which attracts a large number of tourists every year. Therefore, it is crucial
to implement tourist projects in the context of sustainable development in the region,
since the greatest erosion trends were observed in the units adjacent to Javaherdeh and
corresponding villages.
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