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Abstract. In this research, the impact of a carbon sequestration project, in the Hossein Abad
Plain in Southern Khorasan Province of Iran, on the status of water and wind erosion was
evaluated. The study area has a harsh climatic condition with low annual precipitation and is
prone to well-known 120-day winds in summer. Since 2005, various soil conservation treatments
(plantations, over-sowing, plantation aided by semi-circular rainwater harvesting structures) have
been implemented in the area. The importance of this research is that so far there was no
comprehensive assessment to indicate the impact of soil conversation measures on soil erosion.
Therefore, current research aims to evaluate the effect of the carbon sequestration project on soil
erosion during 2004 - 2016. Therefore, water and wind erosion was assessed by the Universal
Soil Erosion (USLE) model and Iranian Research Institute of Forest and Rangelands Ekhtessasi
— Ahmadi (IRIFR-E.A.) model, respectively. The general trend of water erosion using the USLE
model indicates a reduction in soil erosion by greater than 19.9 t. ha™. yr™ over the whole study
area which is larger than 2300 km?. Accordingly, all treatments had a significant impact on
erosion in the study area whereby the greatest reduction in annual rate of erosion occurred in
over-sown areas (by 5.92 t. ha™. yr'). The lowest erosion rate in 2016 was observed in the
afforested areas (3.0 t. ha™. yr®). Wind erosion during 2004-2016 was improved from moderate
and high erosion intensity classes to the low class in treated areas. According to the results of the
USLE and IRIFR-E.A. models, the implemented carbon sequestration project has effectively
reduced soil erosion in the study area. Therefore, the continuation of these treatments as well as
extension programs to empower local communities is highly recommended.
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Introduction
Erosion and sedimentation are two
problematic phenomena in Iran. Intensive
short-term rainfall, sensitive geological
formations and scattered vegetation are the
most important factors for severe soil
erosion in this country. At the same time,
land use change and poor land management
are major human factors contributing to land
degradation (Akbari et al., 2016). In order to
prevent soil erosion and sedimentation in
Iran, several efforts have been made,
particularly ~ focusing on  vegetation
rehabilitation. However, both the
implementation and evaluation of natural
resources rehabilitation projects require
erosion and sedimentation mapping. Soil
erosion and sedimentation are complex
phenomena and many factors can affect their
severity. Given the complexity of soil
erosion processes, various methods have
been developed for its evaluation. For
example, direct methods such as artificial
rain-simulators (Sheikh et al., 2016) and
tracer elements (Walling and He, 1999) as
well as fast computer-based methods using
aerial and satellite images and geographic
software packages (Dabral et al., 2008;
Astorga et al., 2018) could be mentioned.
Many erosion assessment methods have
been designed for agricultural lands. For
example, one could refer to the Universal
Soil Loss Equation (USLE) which was first
developed by Wischmeier and Smith (1965).
Among other models used to study soil
erosion, the modified USLE model (Zhang
et al., 2009; Pandey et al., 2009; Ben et al.,
2018), Water Erosion Prediction Project
Model (WEPP) (Flanagan and Nearing,
1995), Pacific Southwest Inter-Agency
Committee (PSIAC) and Erosion Potential
Model (EPM) (Tangestani, 2006; Lovri¢ and
Tosi¢, 2018) can be mentioned. Among the
proposed models for wind erosion
assessment, one can also refer to Wind
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Erosion Equation (WEQ) and its modified
version Revised Wind Erosion Equation
(RWEQ) (Fryrear et al., 1999; Fryrear and
Bilbo, 2018) and the Iranian Research
Institute of Forest and Rangelands Ekhtesasi
— Ahmadi model (IRIFER-E.A.) (Sadoddin
et al., 2011; Ildermi and Moradi, 2016;
lldermi et al., 2018). The USLE and IRIFR-
E.A. models applied in this study to
investigate water and wind erosion have
been widely used in Iran. Esrey and Habicht
(1988) using Quickbird satellite imageries
and PESERA and USLE models examined
soil erosion in an Alpine region of
Switzerland. Their results showed that the
USLE model provided an accurate
evaluation of soil erosion. Munro et al.
(2008) used the USLE model to determine
the impact of rangeland management and
restoration on soil erosion in Ethiopia and
found that the USLE model provided an
accurate measure for soil erosion. A
comprehensive assessment of a long-term
application of USLE model in steep
forestlands of Japan was presented by
Kitahara et al. (2000). Researchers believe
that the corresponding model offers
satisfactory results and can easily determine
the amount of erosion using available data.
Bayramin et al. (2009) evaluated the effect
of land-use conversion on soil erosion using
the USLE model in the Udhig area of
Turkey. Rezaei et al. (2016) used the IRIFR-
E.A. model and Landsat satellite images to
study soil erosion in an area in south-
western Iran and found an overall increase in
wind erosion intensity in the study area.

In this research, the USLE and IRIFR-
E.A. models have been used to evaluate
water and wind erosion rate. Studies have
shown that these models are suitable for
estimating erosion in Iran (Tangestani, 2006;
Sadoddin et al. 2011; Gholami, 2014;
lldermi and Moradi, 2016; Ildermi et al.
2018). The study area is important because
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in 2003, with the support of the Global
Environment Facility (GEF) and the United
Nations Development Program (UNDP), a
project was initiated to rehabilitate degraded
rangelands, sequester carbon and reduce
erosion. Since the initial survey of soil
erosion at the beginning of the project, no
comprehensive and accurate evaluation of
the project effectiveness to reduce soil
erosion has been published. The results of
this research can help managers to evaluate
the success and impact of project on water
and wind erosion. In this research, data
analysis was done in the GIS environment,
which has been very successful in the
graphical representation of the results (De
Roo, 1996). Evaluating erosion using the
GIS tool can help managers to quickly and
accurately assess erosion and facilitate
monitoring of similar projects in the future.
This study aimed to evaluate the impact of
carbon sequestration project implementation
on soil erosion in Hossein Abad Plain in
South Khorasan Province of Iran.

Materials and Methods

Study area

The study area is located at 40 km away
from east of Sarbisheh township in Southern
Khorasan Province, in eastern Iran (Fig. 1).
Based on the 25-year meteorological record
of Sarbisheh Weather Station, the mean
annual rainfall is about 167 mm, 60% of
which falling in winter. The mean annual
temperature in this region is 12.5 °C with
July as the warmest month reaching the
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absolute maximum temperature of 42°C.
January is the coldest month with an
absolute minimum temperature of -19°C. In
total, in 76 days of year, the temperature
drops below zero degrees Celsius. The
annual rate of evaporation is very high
reaching at 3190 mm. Hossein Abad Plain
has very scattered vegetation cover similar
to a degraded semi-arid steppe. The Hossein
Abad plain has an elevation of 1830 m ASL
and is surrounded by volcanic mountains.
Due to high grazing pressure during the past
decades, vegetation cover has become
severely degraded in the study area. In
addition, demographic surveys show that the
area comprises of 31 villages and 3290
inhabitants. A project entitled “Carbon
Sequestration in Desertified Rangelands of
Hossein Abad” was initiated in 2003 with
the aim of carbon sequestration, soil erosion,
and rehabilitation of vegetation cover with
afforestation, over-sowing, and afforestation
associated  with  crescent-like  micro
catchments for rainwater harvesting over
13572 ha of the degraded lands of the study
area. The project was terminated in 2012.
Water erosion in Hossein Abad Plain is
considered negligible as this area annually
receives a  negligible amount  of
precipitation. Before the implementation of
this project, wind erosion was severe due to
sparse vegetation cover on the one hand and
the activity of the 120-day winds in
summers on the other hand (Hosseinalizadeh
and Seyedalipour, 2009).
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Fig. 1. Map of different vegetation rehabilitation sites in Hossein Abad region, South Khorasan Province, Iran

Assessment of water erosion using USLE
model
In order to assess the amount of water
erosion in this study, the USLE model was
applied.
For measurement of water erosion, the
general equation of the universal soil loss
equation (USLE) was used as follows:
A=R.K.LS.CP 1)
Where:
A =the average annual soil loss (t. ha™. yr,
erosion classification in this model is
presented in Table 1),
R =Rainfall Erosivity index (MJ. ha™. yr'),
K =the soil erodibility factor (t. ha. h. ha™.
MJE, mm™,
L =slope length,
S =the slope steepness,
C =cropping factor and
P = the conservation practices factor.
Below, each parameter of the USLE model
is presented in more details:

Rainfall Erosivity Index (R) is the
potential of precipitation for causing
erosion, which is calculated based on the

EI30 total precipitation energy (E) at 30-
minute intensity (E30). Since the data of
rainfall intensity are not available in the
study area, the monthly precipitation of
Sarbisheh station (2004-2005) was used to
determine this parameter as follows
(Wischmeier and Smith, 1978; Modified by
Arnoldus, 1980):

R=Y/%1735x

p?
(1.5log l/P -0.08188)

10
Where:
R =the rainfall erosivity factor in MJ. mm™.
hat.ht. yrt,

P; = the monthly precipitation in millimeters
and

P = the annual precipitation in millimeters.
The Soil erosion factor K was calculated
using the following equation (Wischmeier
and Smith, 1978):

K=21x107°x f,'1* x (12 = B,,) +
0.0325(Sseruc — 2) + 0.025(ferm — 3) (3)

(Equation 2)
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Where:
fp = Py X (100 — Pclay) (4)
fp=particle size parameter (dimensionless),
P, =the percentage of organic matter
(dimensionless),
Sstruc = Sail structure index
(dimensionless, which is considered to be 3
in this research for soils with a slightly
developed structure) (Wischmeier and
Smith, 1978),
fperm =the soil  permeability factor
(dimensionless, which was considered to be
2 here) (Wischmeier and Smith, 1978) and
P14y = the clay content (dimensionless).
Since there are no available data about
the soil, the soil layers were obtained from
the Global Gridded Soil Data project at
soilgrids.org. On this  website, soil
information is presented from roughly 250
m to half a degree scales at various depths.
The data used included the percentage of silt
and clay and organic matter at the depth of
30 cm.
Topographical factor slope was determined
based on the following equation (McCool et
al., 1987):

2
L=GR" ()

Where:

L = the slope length factor,

A = the slope coefficient factor (m),

m = the dimensionless coefficient which
depends on the slope and is given 0.5 for
slopes above 5%, 0.4 for slope of 4% and
0.3 for slopes below 3%.

The slope percent was obtained using a
digital elevation map. The 200-m cell size
was used to investigate the slope length
factor which is similar to that of many
similar studies (Dabral et al., 2008).

The slope gradient factor was obtained using
the (McCool et al., 1987) equation as
follows:

S =10.8sin (0©) + 0.03 (6a)

S =16.8s5in® — 0.50 (6b)
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Equation 6a is considered for slopes
below 9% and equation 6b for slopes above
9%. In these two equations, S is the
dimensionless gradient factor and ® is the
slope angle in degrees.

- Cover and management factors of
vegetation status

Crop cover factor is referred as the loss of
soil from arable land under specified
conditions to the amount of erosion from a
bare fallow plowed land at specific slope
under the same rainfall condition.

In this study, MODIS Satellite data (2001
and 2013) were used. The area was divided
into four classes of land covers (rangeland,
settlements, plantations and shrub lands,
croplands) and 0.4, 0.1, 0.1 and 0.20 were
assigned as the corresponding coefficients
(Dabral et al., 2008), respectively for the
crop protection factors. Crop management
factor was also considered to be 0.25 for
croplands, and 1 for other lands (Dabral et
al., 2008).

After the estimation of erosion in
different parts of the study area, the erosion
classes were classified into five classes as
mentioned in Table 1.

Table 1. Classification of erosion severity in USLE
model (Dabral et al., 2008)

Erosion severity class Model

USLE (t.hat.yr?")
Negligible to slight <6.7
Slight 6.7-11.2
Moderate 11.3-22.4
Severe 22.5-33.6
Very Severe >33.6

The analysis was performed in ArcGIS
environment and the paired t-test was used
to compare the same plot over the study
period between 2003 and 2016.

Assessment of wind erosion using IRIFR-
E.A. model

Wind erosion was estimated using the
Iranian Research Institute of Forest and
Rangelands Ekhtesasi — Ahmadi model
(IRIFR-E.A.) (Ahmadi et al. 2007); the first
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step in using the model is to prepare
geomorphologic facies as work units. For
this purpose, the geomorphologic facies was
mapped by visual interpretation of the
Google map images, and then in the ground
trothing, the boundaries of these units were
reviewed and corrected. In the field visit, for
each facies, three rating forms were filled,
and the scores were averaged to obtain a
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homogenous evaluation of erosion. The
IRIFR-E.A. model has 9 factors that range
from -5 to 20. These factors are presented in
Table 2.

The sum of scores assigned to each
facies indicates the amount and severity of
wind erosion, which was determined by the
weighted average. The wind erosion classes
are given in Table 3.

Table 2. The factors of the IRIFR-E.A. model and their scoring interval (source: Ahmadi et al. 2007)

NO Factors of wind erosion and sedimentation

Range

Lithology

Landform and terrain

Wind speed and conditions

Soil and soil surface cover
Vegetation condition and density
Signs of soil erosion at the surface
Soil moisture

O©CoOoO~NOOTA~ WN P

Land use and management

Type and distribution of wind sedimentary accumulations

0-10
0-10
0-20
-510-15
-5t0-15
0-20
0-10
0-10
-5t0-15

Table 3. Annual sediment production and soil erosion classes in IRIFR-E.A. model (source: Ahmadi et al. 2007)

Wind erosion intensity classes  Annual sediment yield (t km? yr?)  Wind erosion rate

Very low (class 1) <250

Low (class 2) 250-500
Medium (class 3) 500-1500
High (class 4) 1500-6000
Very high (class 5) >6000

<25
25-50
50-75
75-100
>100

Results

Estimation of water erosion using
USLE model

The rain erosivity factor was determined
based on equation 2 as 96.7 MJ.h™*.ha™t.yr?,
Two factors of slope length and intensity
were computed using a digital elevation map
with a 200-meter cell size (Dabral et al.,
2008). The soil erodibility factor which
indicates the soil sensitivity to erosion was
also calculated in the range of 0.19 to 0.25
and its spatial distribution was determined.
Two factors of land management and crop
protection were also prepared using the
MODIS Satellite images. Given that the
MODIS land cover data were only available
until 2013 and researchers were not able to
distinguish between the treated areas and the
natural rangelands, the vector map of the
treatments were converted into a 200-meter

gridded raster and combined with the land
cover map. Then, each of the classes of this
map received its proportional coefficient and
eventually two layers of land management
and crop protection were prepared. By
combining each of the six factors of rainfall
erosivity, soil erodibility, slope length, slope
steepness, crop protection and land
management, the spatial distribution of soil
erosion were computed in ArcMap software
environment in a 200-meter cell size (Fig.
2). In view of the fact that the rainfall
erosivity index was considered constant for
the whole area, the amount of erosion seems
to be influenced more by elevation and type
of land management.  Accordingly,
minimum  erosion rate occurred on
plantations reaching at 6 t. ha™.yr, and the
highest erosion rate occurred in the East and
South of the study area (up to maximum rate
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of 44 t. ha™. yr!) (data not shown). It seems
that the treatments have been successful in
reducing erosion, and thus need to be
extended to other areas that are affected by
erosion.
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According to the information presented in
Fig. 3, a major part of the study area with an
area of 1524.2 km?® (65.2%) fell into range
of slight to moderate erosion classes. The
‘very severe’ class with an area of 68.6 km?

As shown in Fig. 2, there is a significant (2.9%) had the smallest contribution to the
difference in erosion rate between the total soil erosion in the study area.
initiation and the termination of the project.
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Fig. 2. Estimation of annual water erosion per hectare between 2004 (A) and 2016 (B) using the Universal Soil Loss
Equation in the Hossein Abad area, South Khorasan Province
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severe
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Fig. 3. Classification of water erosion based on severity using the Universal Soil Loss Equation in the Hossein Abad
area of South Khorasan Province, Iran

In this research, geomorphologic facies were
considered as the work units for the

Estimation of wind erosion using
IRIFR-E.A. model
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assessment of wind erosion. To identify
geomorphological facies, various facies
were initially mapped onto Google Earth
images. In the next step, new facies were
added to the map after several field visits.
Accordingly, in this region, 10 facies were
identified as shown in Fig. 4 and Table 4.
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The largest portion of the area was covered
with a very scarce vegetation. In most cases,
the soil particles were eroded with only
gravel and coarse particles remaining on soil
surface. The salty and swollen land had the
smallest area in the region with an average
of 0.8% (Fig. 4, Table 4).
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Fig. 4. Geomorphologic facies identified in tf]e carbon sequestration prloject for the Hossein Abaa Watershed, South

Khorasan Province (abbreviations used are described in Table

4)

Table 4. Areal coverage of facies identified in the carbon sequestration project for the Hossein Abad plain, South

Khorasan Province

Name of the facies Area % Codes

(km?) on map
Croplands 2752 12 K
Salty lands and wetlands 20.0 08 SP
Dry river beds 5558 23 DR
Desert pavement with a moderate particle size and planted vegetation cover 88.05 37 T
Mountain unit and rock outcrops 633.33 272 M
Desert pavement with very severe water erosion and coarse particles 288.33 124 Rel
Desert pavement with severe water erosion and coarse particles and low vegetation cover 440.62 18.8 Re2
Desert pavement with moderate water erosion and medium-sized particles and low vegetation cover 264.84 114 Re3
Desert pavement with low water erosion and vegetation cover with coarse-grained sand particles 465.23 199 Re4
Inselberg 5348 23 Ins
Total 2337 100

In Table 5, the scores assigned to each
facies in Hossein Abad plain based on nine
factors involving lithology, topography,
wind speed and direction, soil vulnerability
to erosion, vegetation cover, signs of wind
erosion, soil moisture, existence of wind-

blown deposits and land management are
presented. The calculated scores are the total
scores assigned to each facies based on the
judgments of two experts. According to
Table 5, the highest amount of annual
sedimentation was found on salty lands and
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wetlands, which also form the smallest
portion of the area. The lowest amount of
wind erosion occurred in desert pavements
with a medium-sized particles and in planted
areas by 29 t.ha.yr?, which falls in the very
low erosion class (with annual sedimentation
of less than 25 that.yr?). Mountain and
inselbergs are also in the moderate class of
erosion due to lack of surface soil and high
resistance of volcanic rocks to agents of
erosion. Most of the area is covered with
desert pavements with moderate water
erosion and medium-sized particles which
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gives an indication that soil particles are
worn out by the wind. These plains have a
very scarce vegetation cover with decreasing
its density from the mountainside toward the
plain. Also, desert pavements close to the
mountainous area generally show severe
erosion and active to semi-active fans with
coarse coatings. Therefore, wind erosion in
this unit was less than lower elevations with
more gentle desert pavements. The spatial
distribution of wind erosion is presented in
Fig. 5.

Table 5. Scores assigned to each facies within the project site in Hossein Abad Plain, South Khorasan Province

based on the IRIFR-E.A. Model

Facies Names 1 2 3 4 5 6 7 8 9 Total score  Severity class
Croplands 81 81 20 53 12 12 5 1.1 -3 48.8 2
Salty and wetlands 95 89 20 123 15 182 56 56 15 110.1 5
Dry river beds 8 79 20 102 142 114 4 39 15 94.6 4
Desert pavement with medium sized particles | 48 42 20 22 -5 12 42 15 5 29 2
and planted vegetation cover

Mountain unit, rocky deposits, rock outcrops 0 1.1 20 -5 13 0 95 0 10 48.6 2
Desert pavement with very severe water erosion | 1.8 23 20 12 35 14 68 25 12 452 2
and coarse particles

Desert pavement with severe water erosionand | 22 53 20 59 62 55 65 42 31 589 3
coarse particles and low vegetation cover

Desert pavement with moderate water erosion | 42 82 20 63 73 68 59 58 45 69 3
and medium-sized particles and low vegetation

cover

Desert pavement with low water erosion and | 7.2 86 20 101 9 108 38 91 75 775 4
vegetation cover with coarse-grained sand

particles

Inselberg 1.1 19 20 12 12 41 87 15 135 64 3

Numbers 1-9 stand for lithology, topography, wind speed and direction, soil vulnerability to erosion, vegetation cover, sings of
wind erosion, soil moisture, existence of wind-blown deposits, land management
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The comparison between wind erosion

in 2004 (the first year of project

implementation) and in 2016 is shown in
Fig. 6. Accordingly, during this time period,
the studied area has experienced an

improvement in wind erosion class in a way
that classes 3 and 4 improved to class 2.
Therefore, it can be concluded that
vegetation treatment has been successful in

controlling wind erosion.
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Impact of carbon sequestration
project on water and wind erosion

In order to study the effect of carbon
sequestration project in Hossein Abad area,
water and wind erosion were evaluated in
two-time intervals using USLE and IRIFR-
E.A. models. The present results from the
general survey of water erosion in two time
periods using the USLE model (Fig. 2)
indicated a reduction in erosion by different
treatments (Table 6). Accordingly, the
greatest reduction occurred in over-sown
areas (5.92 m*. ha. yr') and the minimum
erosion rate occurred in afforestation areas
(3.0 m®.hat.yr?). Therefore, given the total
area of all treatments, the implementation of
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this project has reduced water erosion by
47,000 tons (Fig. 2).The study of wind
erosion changes during 2004 and 2016 also
indicated a reduction in wind erosion on
treated areas compared with the untreated
areas. Since soil erosion was only studied
for a limited area in the region in 2004, same
treatment was considered in 2016 (Fig. 6).
Accordingly, wind erosion rate was
improved from classes 3 and 4 in 2005
(moderate and high) to 2 in 2016. Therefore,
it can be concluded that not only in terms of
the project's duration, both water and wind
erosions in the region have reduced, but
there has also been a significant difference
between the treated and untreated areas.

Table 6. Effect of different treatments on water erosion evaluated by USLE model over 2004 and 2016 in Hossein
Abad area. The values provided for erosion are in m*. ha™. yr*

Treatment water erosion (m®. ha. yr’) No. of pixels Total Area Total Reduction
Year 2004 Year 2016 (ha) (tha'yr?)
Over-sown areas 10.42° 4.50° 340 1645 5.92
Afforestation + Rainwater Harvesting 12.50° 6.31° 189 914 6.19
Afforestation 8.04° 3.0° 1313 6354 5.04

Different letters in each rows indicate significant difference at the level of 95% using t test

Discussion and Conclusions

The carbon sequestration project in the
Hossein Abad plain of Southern Khorasan
Province has been implemented with the aim
of improving soil properties through
vegetation rehabilitation and soil organic
carbon  improvement. The  project's
executing team also aimed at reducing soil
erosion in the area. Alongside, the
improvement  of the  environmental
conditions, the empowerment of the people
and the improvement of biological
conditions were also the agendas to prevent
from the migration of the villagers. Thus,
except a number of reports on the short-term
project  outcomes, a  comprehensive
assessment of the project achievements has
not been made available or published.
Therefore, the effectiveness of this project
which has been implemented by receiving
national and international supports has been
studied with USLE, and IRIFR-E.A. models.

These models have been evaluated in several
cases in the country and have provided
reliable results. Due to the harsh
environmental conditions (high temperature
and low precipitation), the study area has a
very scattered vegetation cover which is an
important factor contributing to erosion
(Zadsar and Azimi, 2016). The scarcity of
rainfall which rarely exceeds 160 mm
annually greatly reduces the likelihood of
water erosion. Lack of soil organic matter
due to low vegetation cover has made the
condition susceptible to water and wind
erosion. Li et al. (2017) also pointed out low
organic matter and reduced aggregate
formation as major factors contributing to
soil erosion. Rotich et al. (2018) also believe
that land management by affecting soil
organic matter content could affect soil and
land quality. Therefore, the implementation
of the carbon sequestration project can make
an important contribution to reduce erosion
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by increasing soil organic carbon content.
According to the findings, implementation
of this project has reduced water erosion in
the area by greater than 19.9 tons per ha per
year which is a significant result. Likewise,
wind erosion has also been reduced
significantly on treated plots, as previously
indicated by the improvement in wind
erosion rate in one of the afforested areas.
The estimation of wind erosion in the region
using the IRIFR-E.A. model indicated
severe erosion on fine-grained desert
pavements in the center of the area, dried
river beds, and wet salty plains. Hossein
Abad is exposed to the persistent of harsh
weather due to the local winds of so called
“120-days Winds” during summer time.
Thus, erosion risk is high in this area. By
moving towards higher elevations and
increasing the proportion of coarse-grained
particles and rocks, erosion risk also
decreases. Gholami (2014) also used the
IRIFR-E.A. model to study the rate of wind
erosion in the Sarbisheh plain of Southern
Khorasan Province. Authors argued that
crop lands had less wind erosion rates than
other land-uses. In this connection, river
beds also showed to have the lowest degree
of erosion, which is not consistent with the
results of this research. According to the
field survey, the river beds are shallow and
wide with very poor vegetation which may
have been due to the high salinity of runoff
in these rivers. The relevant substrate is rich
in fine-grained elements that is contributing
to wind erosion with apparent signs of
severe wind erosion.

By summing up the results of the two
models, Hossein Abad plain is subject to
severe wind erosion and slight water
erosion. This finding can be supported by
low activity of waterways in the foothills
and the effects of wind-blown particles in
the flat plains. Short and severe rainfalls
during winter and spring, recent drought and
reduced vegetation, heavy grazing, and
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salinity have contributed to the increase in
the severity of wind erosion. Obviously, on
the foothills, due to the removal of fine
particles by the wind, mainly coarse
particles have remained on the surface that
can protect the soil from erosion in the
future.

Major lithological formations of the study
area are volcanic which can hinder
vegetation cover establishment due to the
increase in  the temperature of the
surrounding environment. Therefore, it
seems that it is the main problem in flat
areas of the plain. However, given the large
area of the project site, the undertaken
measures seem to be insufficient. Based on
field observations, there was a significant
reduction in wind erosion on treated sites.
The assessment of the overall erosion rate in
the area also showed a significant reduction
in water and wind erosion mainly on treated
areas. Therefore, implementation of this
project has temporally and spatially
improved wind erosion condition of the
region. Thus, according to the findings of
this research, it seems that vegetation
rehabilitation should be further pursued in
the plain and a special attention should be
paid to dried river beds. The results indicate
that carbon sequestration project
implemented in the form of afforestation,
over-sowing and afforestation along with
rainwater harvesting have been able to
significantly reduce the severity of erosion
in the area. Indeed, the implemented
measures had less effects on water erosion
due to low annual precipitation in the area.
The results obtained from the USLE model
is also consistent with this claim. On the
other hand, the implemented project has
been able to significantly reduce the severity
of wind erosion on treated areas. In general
speaking, researchers believe that the
implementation of the carbon sequestration
project in Hossein Abad area was successful.
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