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Abstract: Land use change is known as one of the main influencing factors on soil erosion and
sediment production processes. The objective of the article is to study on how land use change
impacts on soil erosion by using Intensity of Erosion and Outflow (IntErO) as a process-oriented
soil erosion model. The study has been conducted under land use changes within the period of
1991-2014 in the Talar watershed located in northern Iran. The GIS environment was used to prepare
the required maps including Digital Elevation Model (DEM), geology, land use, soil, and drainage
network. The climatology data including average annual precipitation and air temperature as well
as the volume of torrential rain were extracted from the data of meteorological stations located
inside and around the study watershed. The results indicates that, within the period of 1991-2014,
the forest area decreased by 12,478.04 ha (6%), while the other land uses including rainfed agriculture,
rangeland, irrigated agriculture, and residential area increased by 7248.25, 4481.05, 476.00, and
273.95 ha, respectively. The estimated outflow with 100 year return interval was 432.14 m3 s~ 1 in
1991, which increased to 446.91 m® s~1 in 2014. It can be concluded that the probability of larger
and/or more frequent floods waves in the Talar River is expected to increase. In addition, the amount
of production of erosion material (gross erosion) in the watershed increased from 1,918,186 to
2,183,558 m> yr‘l, and the real soil losses per year (sediment yield) of the watershed increased from
440,482.4 to 501,421.3 m> yr‘l. The results clearly emphasized how the lack of appropriate land
management and planning leads to increase the maximum flow discharge and sediment yield of
the watershed.

Keywords: land use changes; land management; erosion potential; Gavrilovic method; IntErO;
sensitivity analysis; sediment yield; Iran

1. Introduction

Soil erosion is one of the most significant causes of land degradation and an impor-
tant environmental hazard throughout the world, especially in developing countries [1].
Sediment yield and soil erosion are two main constraints on sustainable management of
water resources and soil [2]. The quantification of these processes is crucial to design any
scientifically based soil and water conservation plan and integrated land management [3,4].
The acceleration of soil erosion due to human activities on a global scale has led to an
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increased sediment flow in many parts of the world [5]. Unwanted complementary ef-
fects of soil erosion, such as loss of soil fertility, reduced water quality, alteration of the
hydrological systems, and environmental contaminations, have been identified as a serious
problem for human sustainability [6,7]. Land cover and land use changes are key factor
in controlling the hydrological response of a watershed. Many studies have shown that
there is a significant relationship between land use change and soil erosion [8,9]. Land
use change may result in an increase of sediment and nutrient supply to rivers and may
affect the water balance in the watershed and its variability, which must be assessed on
a local scale [10]. Direct measurement of soil erosion in watersheds and water-sediment
sampling is very time consuming and costly [11]. Therefore, the use of soil erosion and
sediment yield models at watershed scale is globally raising the interest of specialists.
The quantitative understanding of hydrological process at watershed scale also needs
the modelling of microscale processes, such as infiltration, permeability and even water
and particles transport processes in porous soils [12,13]. Many models, such as the Water
Erosion Prediction Project (WEEP), Chemicals, Runoff, and Erosion from Agricultural Man-
agement Systems (CREAMS), European Soil Erosion Model (EuroSEM), and Soil and Water
Assessment Tool (SWAT), have been developed with varying degrees of complexity in
order to fulfil the growing request for a reliable and easy to manage tool to predict erosion
and sediment yield. Examples of comparison between the Erosion potential method (EPM)
and the Revised Universal Soil Loss Equation (RUSLE) is well presented in the research of
Efthimiou et al. [14], and storm event interaction with sediment transport is presented in
the research of Panagoulia et al. [15].

The main problem of the process-based models is the large number of input parameters
and the lack of data to validate the model predictions [16]. Therefore, empirical models
for soil erosion assessment play an important role in soil conservation planning [17].
The EPM is empirical model originally developed for Yugoslavia [18,19] and used in
many studies [20-25], especially to investigate the effect of land use on soil erosion and
sediment yield [26,27]. Applicability of the EPM method in analyzing erosion potential
using spatial data manipulation techniques (GIS environment) was first tested in the
research of Globevnik et al. [28].

The Intensity of Erosion and Outflow (IntErO) of Spalevic [29] is a program package
with the EPM integrated into the algorithm for Windows Operating System [11,30,31].

In some scenarios, climate projections indicate an increase in temperature of as much
as 2 °C and a 20% decrease in daily precipitation. These predictions urge experts, especially
in the Middle Eastern countries, to assess future changes in water distribution capacities
in watersheds and to reconsider the management of reservoirs and dams. It is necessary
to work in a broader context to develop adaptation strategies for the optimal use of the
available water [11].

The main purpose of this study is the application of the IntErO model to evaluate the
effects of land use changes for two periods (1991-2014) on soil erosion and sediment yield
in Talar watershed in Iran. With this study we try to create one of the sustainable forms of
modelling that would be calibrated and validated in the close region of the studied Talar
catchment and afterwards used to evaluate how water resources can meet requirements in
water for local community, eco sectors, and agricultural production.

2. Materials and Methods
2.1. Study Area

The Talar River Basin is located in northern Iran, in the Mazadaran Province, south
of the Caspian Sea. Talar is a mountainous watershed with an area of 2055.75 km? and
subjected to a Mediterranean rainfall regime. The study area has an annual minimum and
maximum temperature of 7.7 and 21.1 °C and an average annual rainfall of 552.7 mm,
respectively [32]. The location of the Talar catchment is presented in Figure 1. In terms
of lithology, the watershed is mostly covered by igneous, metamorphic, and sedimentary
rocks [32]. The greatest amount of the geological units (about 61%) consists of Mesozoic



Water 2021, 13, 881

30f15

Caspian Sea

Land use classes

Rainfed agriculture

- Forest

- Irrigated agriculture

Rangeland

- Developed land

Figure 1. Position of the Talar River Basin, Mazadaran Province, North Iran.

rocks. In the study area, 58 types of soil with different physical and chemical properties
are present. A, B, and C hydrological soil groups cover 60, 21, 19% of the watershed,
respectively, whereas the hydrological group D is not present. The average discharge
measured at the Shirgah flow gauge in the 1971-1998 interval is 7.95 m? s~!, whereas the
highest discharge ever recorded is 93.46 m® s~!. The most important land uses of the study
area are forests, irrigated lands, rainfed agriculture, rangelands, and residential areas.
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2.2. IntErO Model Application

In Iran, the Intensity of Erosion and Outflow—IntErO program package of Spale-
vic [29], based on Erosion Potential Method—EPM of Gavrilovic [18,19], proved to re-
turn good predictions of runoff and soil erosion intensity, specifically in the Region of
Shirindareh River basin, north-eastern Iran [21,33-37] as well as Khamsan Representative
Watershed, western Iran [33]; Chamgardalan Watershed of Ilam Province, western Iran [38].
In this study the IntErO was used to obtain estimates of soil erosion intensity in the Talar
river basin, Mazandaran Province, Iran.

The method has clearly defined procedures and subjective evaluations are reduced to
a minimum [11,31].

The IntErO model, an upgrading of the Surface and Distance Measuring [39] and
River Basins [39,40] programs and can be used for handling a large number of data with
the processing of 27 inputs, returning, after the calculations, 22 final result parameters [11].
The IntErO flowchart is presented in Figure 2.

The input data for the IntErO model processing are presented in Table 1 and Figure 3.
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Figure 2. Flow chart of the Intensity of Erosion and Outflow (IntErO) model with the details on key inputs and outputs

(revised, based on Spalevic et al. [11]).

Table 1. Input data for the IntErO in Talar watershed.

Inputs

Amount and Unit

River basin areas (F)
The length of the watershed (O)
The area of the bigger river basin part (Fv)
The area of the smaller river basin part (Fm)
Natural length of the main watercourse (Lv)
Length of the contours/isohyets (liz)
Altitude of the first contour line
Incidence (Up)
The lowest river basin elevation
The highest river basin elevation
A part of the river basin consisted of a very permeable products from rocks(fp)
A part of the river basin area consisted of medium permeable rocks (fpp)
A part of the river basin consisted of poor water permeability rocks (f0)
A part of the river basin under forests (fs)

A part of the river basin under grass, meadows, pastures, and orchards (ft)
A part of the river basin under bare land, plough-land, and ground without grass vegetation (fg)
The total length of the main watercourse with tributaries of I and II class
The shortest distance between the fountainhead and mouth(Lm)

The volume of the torrent rain (hb)

Average annual air temperature (t0)

Average annual precipitation (H year)

2055.75 km?2
102.69 km
1188.01 km?
867.73 km?
102.6 km
8921 km
300 m
100 years
213 m
4003 m
0.114
0.883
0.003
0.337
0.494
0.169
1574.32 km
18.78 km
50.7 mm
17.0 °C
729.2 mm
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Figure 3. Stream order and hypsometry maps of the Talar watershed.

The annual volume of soil detached due to soil erosion (Wye,;,) was calculated in
m? km~2 y~! by the following Equation (1) [11,19,29,41]:

Wyear =T x P x T x VZ3 x Fs (1)

P is the annual average rainfall in mm,
T is the temperature coefficient, calculated from the following equation [11,29,41]:

t
T =455 +01 ?)

t represents the mean annual temperature in °C which is extracted from the meteoro-
logical data collected from the Meteorological Organization of Iran.

The Z coefficient describes the intensity of the erosive process. It is calculated using
the following equation [11,19,29,41]:

Z=XxYx (®+V1) 3)

X represents the coefficient of soil protection (Table 2), it is a dimensionless parameter
based on the vegetal cover and catchment’s land use, and it varies from 0.05 to 1; values
close to 0 indicate low soil protection while values close to 1 mean high soil protection [42].

Y is soil erodibility coefficient (Table 2), which depends on the pedological and litho-
logical characteristics of the watershed. It indicates the resistance of lithological units and
soils to erosion.

The values of this dimensionless factor, which is usually between 0.25 and 2, can be
determined either by field measurements or by laboratory experiments [40,42]. Lower
values indicate low erodibility, whereas higher values represent strongly erodible forma-
tions [42,43]. In the present study, the pedological and the geological map and data of the
study area were used to evaluate the Y factor. Then, the coefficient values were assigned to
each soil type based on the EPM guidelines and previous studies [42,44-47].
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Table 2. Values of the Y, Xa and @ factors used in the Erosion potential method (EPM)/IntErO model.

Coefficient of Soil Cover X Value
Areas Without Vegetal Cover (Bare Land, Building Area, Water) 0.8-0.9
Crop Fields, Meadows, Grasslands 0.6-0.8
Built-up Areas and Crops, Degraded Shrublands 0.4-0.6
Arboricultural Lands, Clear Shrublands 0.2-04
Reforested Areas, Dense Forests, Dense Shrublands 0.05-0.2
Coefficient of Soil Resistance Y Value
Marls, Clays, Poorly Consolidated Sands, Rock With Little Resistance 1.3-1.7
Weak Rock, Clayey Pelites With Microbereccia Beds, Recent Quaternary Scree 1-1.3
Rock With Moderate Erosion Resistance, Quaternary Fluvial Terraces 0.6-1
Hard Rock, Sandstone of the Numidian Nappe 0.5-0.6
Coefficient of Type and Extent of Erosion @ Value
Deep Ravines, Landslides, Badlands Areas, and Bank Undercutting 0.8-0.9
Sheet Erosion, Less than 50% of the Basin Area With Rill and Gullies Erosion 0.6-0.7
20% of the Area Attacked by Surface Erosion, Minor Slips in Stream Channels 0.3-0.5
Land Surface Without Visible Erosion, Mostly Crop Fields 0.1-0.2

@ coefficient depends on the active erosion and on the degree of extension of linear
erosion and mass movements (Table 2). It is also a dimensionless factor ranged from 0.1
to 1 [48,49]. Each type of erosion form was accordingly related to a value of ® based on
the guidelines of the EPM method [42,44,47]. Finally, the weighted average value was
calculated based on the area of all polygons with various values [31].

The total volume of sediment produced in the different areas of the watershed does not
fully reach the main river stem. A portion of it is redeposited at the slope foot or deposited
in upstream tributaries alluvial plain; therefore, it is essential to calculate the actual specific
sediment production (Gsp) in m® km~2 y~! by the following equation [11,19]:

Gsp = Wyear x Ru 4)

This is possible by multiplying the average annual production of sediments Wyear by
a delivery ratio coefficient Ru calculated as

_ vO XD
~0.25x (Lv + 10)

Ru 5)
Lv represents the length of the main river in km, O is the perimeter of the catch-
ment area in km, and D is the average elevation (in m) of the basin with respect to the
closing section.
The Maximum flow discharge, Qmax, was calculated using the following formula:

Qmax=A xSl x 52 x W x /(2 x g x D x F) ©)
A represents the basin shape coefficient and is computed by the following formula:
O
A =01 — 7
0.195 x )

S1 is the coefficient of water permeability of the area calculated from the follow-
ing equation:
S1 = 04 x fp + 0.7 x fpp + 1.0 x fo 8)

Coefficients fp, fpp, and fo are the parts of the river basin that consist rocks of high,
medium, and low permeability, respectively.
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52 is vegetation cover coefficient computed from the following equation:

52 = 06 x fs + 0.8 x ft + 1.0 x fg )
Coefficients fs, ft, and fg are the parts of the river basin under forest (fs), grass,
meadows, pastureland, and orchards (ft), and bare land, plough land, and soils without
grass vegetation (fg).
W is analytical expression of inflowing water retention and is presented by the follow-
ing equation:

W = hbx (15 — 22 x hb — 03 x \/LV) (10)

hb is torrential rain volume in meters, g is acceleration due to gravity (m s~2), D is mean
height difference of the basin in meters.
F is basin area in km?.

3. Results
3.1. Land Use Changes (1991-2014)

Landsat satellite images for 1991 and 2014 and the maximum likelihood method were
used to prepare the land use map for the Talar watershed (Figure 4). The study area
was classified into five classes including forest, rainfed agriculture, irrigated agriculture,
residential area, and rangeland. The comparison of land use change between these two
periods indicates that the forest decreased by 12,478.04 ha (6%), whereas rainfed agriculture
and rangeland increased by 3.49 and 2.18%, respectively (Table 3). Irrigated agriculture
and residential remained almost the same (Table 3).
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Land use maps of Talar watershed for the year 1991 (left) and 2014 (right).



Water 2021,

13, 881 8of15

Table 3. The results of land use change between 1991 and 2014 in Talar watershed.

Land Use 1991 Land Use 2014 Changes (1991-2014)

Land Use Type

Area (ha) Percent Area (ha) Percent Area (ha) Percent

Forest 83,902.75 40.82 71,424.71 34.79 —12,478.04 —6.03
Irrigated agriculture 1017.82 0.49 1493.82 0.72 +476.00 +0.23
Rainfed agriculture 23,272.06 11.32 30,520.31 14.81 +7248.25 +3.49
Rangeland 95,826.45 46.61 100,307.50 48.79 +4481.05 +2.18
Residential area 1563.77 0.76 1837.72 0.89 +273.95 +0.13

3.2. Climatic Characteristics, Geological Structure, and Soil Characteristics of the Studied Area

The average annual temperature and precipitation were calculated 17 °C and 729 mm
based on the Gharakheil meteorological station data. The geology information was obtained
from the geological map of Iran [50]. The description of type and area (Ha) of the different
formations are reported in Table 4. The Dark grey shale and sandstone, called Shemshak
formation, underlie the largest area with 936.3 ha. There are three types of permeability
class of formation considered in the IntErO model such as poor water permeability rocks
(f0) (Class 1), medium permeable rocks (fpp) (Class 2) and very permeable products from
rocks (fp) (Class 3) which occur in 0.3%, 88.2%, and 11.4%, respectively, of the watershed
area. The geology and soil maps are shown in Figure 5.

Table 4. The geolithological unites for study area of the Talar watershed and permeability classes.

Num Description Class Area (ha)
1 Alternation of dolomite, limestone, and variegated shale 2 50.7
2 Basaltic volcanic tuff 3 6.9
3 Conglomerate and sandstone 2 3.0
4 Conglomerate, sandstone, and shale with plantremains and coal seams 2 194
5 Dark grey medium—bedded to massive limestone 2 14.7
6 Dark grey shale and sandstone 2 936.3
7 High level piedmont fan and valley terrace deposits 1 16.0
8 Hyporite bearing limestone 1 16.1
9 Light-red coarse grained, polygenic conglomerate with sandstone intercalations 2 6.1
10 Light grey, thin—bedded to massive limestone 2 135.3
11 Light—red to brown marl and gypsiferous marl with sandstone intercalations 2 0.5
12 Low level piedmont fan and valley terrace deposits 1 8.0
13 Matrl, calcareous sandstone, sandy limestone, and minor conglomerate 2 156.0
14 Marl, gypsiferous marl and limestone 2 197.1
15 Nummulitic limestone 2 10.7
16 Polymictic conglomerate and sandstone 2 120.7
17 Red conglomerate and sandstone 2 14
18 Red marl, gypsiferous marl, sandstone, and conglomerate 2 6.1
19 Swamp and marsh 1 1.1

20 Thick—bedded to massive limestone 2 13.2

1 thick bedded grey o’olitic limestone; thin—platy, yellow to pinkish shaly limestone 2 623
with worm tracks and well to thick—bedded dolomite and dolomitic limestone ’

22 Thick bedded to massive, white to pinkish orbitolina bearing limestone 2 419

23 Undifferentiated limestone, shale, and marl 2 13.9

24 Undifferentiated lower Paleozoic rocks 1 27.0

25 Undifferentiated unit, composed of dark red micaceous siltstone and sandstone 2 16.6

26 Upper cretaceous, undifferentiated rocks 1 78.7

o7 Well—bedded to thin—bedded, greenish—grey argillaceous limestone with 2 8.4
intercalations of calcareous shale ’

28 Well bedded green tuff and tuffaceous shale 1 87.7
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Figure 5. Geology (left) and soil (right) maps of Talar watershed.

3.3. Vegetation and Land Use

The land use map shows that in 2014 forest, irrigated land, rainfed agriculture, range-
land and residential areas cover 34.8%, 0.7%, 14.8%, 48.8%, and 0.9%, respectively, of the
Talar watershed area. Most of the basin is covered by rangeland and forestland. The coeffi-
cient of the river basin planning (Xa) and the coefficient of the vegetation cover (S;) and
Numeral equivalents of visible and clearly exposed erosion process (P) are calculated and
shown in Table 5.

3.4. Soil Erosion and Runoff Characteristics

The data presented in Table 6 describe the result of calculation of the IntErO model
for the Talar watershed. The coefficients of the river basin form (A), average river basin
width (B) and watershed development (m) were calculated to be 0.2, 29.88 km, and 0.63,
respectively. The value of peak discharge, with a return interval of 100 years (Qq0) and for
a land use setup of 2014 resulted 446.91 m® s~ 1. The (A) symmetry of the river basin was
calculated as 0.31, which indicates that there is a possibility for large flood waves to appear
in the studied river basin. In other word, the probability of large flood waves is about
once per three year. Qqgg, in fact, is about five times larger than the maximum discharge
measured in the 1971-1998 interval for which a maximum return interval of 28 years can be
optimistically assumed. In the recent decades human activities such as urban development
and land use changes have increased flood hazard and watershed vulnerability to rainfalls
and rain storms and an increase of peak flows is to be expected [51,52].
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Table 5. The Y, Xa, and ® coefficients for land use 2014.

Types of Soil Products and Related Types Y Area (%)
Sands, gravel, and loose soils 2.00 1.17
Loess, tuffs, saline, steppe soils 1.60 0.00
Disintegrated limestone and marl 1.20 11.3
Serpentine soil, red sandstones, flysch deposits 1.10 2.66
Podzols and parapodzols, disintegrated shales 1.00 0.00
Compact and shaley limestone, red soils, and humus silicate soils 0.90 45.16
Eutric cambisols and mountain soils 0.80 33.33
Vertisols, boggy ploughand and marsh soils 0.60 0.00
Chernozem and alluvial sediments of good structure 0.50 1.16
Bare, compact eruptives 0.25 2.23

Types of Land Use Xa Area (%)
Bare land 1.00 1.72
Plough land 0.90 16.43
Orchards and vineyards 0.70 0.00
Mountain pastures 0.60 48.15
Meadows 0.40 0.00
Degraded forests 0.60 13.70
Forests of good spacing 0.05 20.00

Erosion Conditions d Area (%)
Deep erosion 1.00 2.02
80% of basin under rill and gully erosion 0.90 3.03
50% of basin under rill and gully erosion 0.80 6.06
100% of basin under surface erosion 0.70 8.08
100% of basin under surface erosion without visible rills, gullies, and landslides 0.60 15.15
50% of basin under surface erosion 0.50 8.08
20% of basin under surface erosion 0.30 8.08
Minor slides in watercourses beds 0.20 1.01
Basin mostly under ploughland 0.15 14.14
Basin under forests and perennial vegetation 0.10 34.34

Table 6. The outputs of the IntErO for Talar watershed.

Output Variables Amount and Unit (1991) Amount and Unit (2014)
Coefficient of the river basin form 0.2 0.2
Coefficient of the watershed development 0.63 0.63
Average river basin width 29.88 km 29.88 km
(A) symmetry of the river basin 0.31 0.31
Density of the river network of the basin 0.77 0.77
Coefficient of the river basin tortuousness 5.4 5.4
Average river basin altitude 1807.87 m 1807.87 m
Average elevation difference of the river basin 1594.87 m 1594.87 m
Average river basin decline 43.4 43.4%
The height of the local erosion base of the river basin 3790 m 3790 m
Coefficient of the erosion energy of the river basin’s relief 179.16 179.16
Coefficient of the region’s permeability 0.67 0.67
Coefficient of the vegetation cover 0.74 0.77
Analytical presentation of the water retention in inflow 0.5507 m 0.5507 m
Energetic potential of water flow during torrent rains 8020.44 m km s 8020.44 m km s
Maximum flow discharge (Q1gp) 432.14 m3 571 44691 m3s7!
Temperature coefficient of the region 1.34 1.34
Coefficient of the river basin erosion 0.452 0.492
Production of erosion material in the river basin 1,918,186 m> yr‘1 2,183,558 m3 yr_1
Coefficient of the deposit retention 0.23 0.23

Real soil losses per year
Real soil losses per year per km?

440,482.4 m3 yr~!
214.27 m3 km 2 yr—!

501,421.3 m? yr~!
243.91 m3 km—2 yr—!
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The drainage density of the study river basin (G) we calculated as 0.77 km km~2.
The G index indicates that there is a medium density of the hydrographic network in the
Talar watershed. The drainage density is an important factor affecting the flood hydrograph
and erosion process. This index depends on the amount of flow through the channel and
on soil type [52-54]. The index of average river basin decline we calculated to be 43.4%.
The value of this index shown that in the studied watershed very steep slopes prevail.

The Height of the river basin local erosion base and the coefficient of basin erosion
energy were calculated to be 3790 m and 179.16 m, respectively.

According to the IntErO report Z coefficient is calculated to be 0.492. That indicates
that the study area belongs to the 3rd destruction category (out of five); with the medium
strength of the erosion process, where the surface erosion is predominant.

The production of erosion material in the Talar watershed was calculated to be
2,183,558.33 m® year~! and the coefficient of the deposit retention (sediment delivery
ration) resulted 0.23. It means that 23% of the total eroded material reaches the outlet point
whereas the remaining 77% is deposited on the basin slopes and within the hydrological
drainage system. The detailed report for Talar watershed hydro morphological parameters
is shown in Table 6.

Most of the outputs presented are based on the multiplication of the model parameters,
except the Coefficient of the Drainage density (D), Average annual temperature (Tp), and the
Average slope of the basin (I). According to Dragicevic et al. [51], most of these parameters
are categorized as high- or medium-sensitivity, whereas those in the multiplication form
are classified as very high-sensitivity parameters.

Calculated Real soil losses per year per square kilometer for the studied river basin
amounts to 243.91 m3 km 2 yr~! (2014). This result corresponds to the results obtained
in 2014 for the similar and nearby ShirinDareh watershed from the North Iran: S1-1
ShirinDareh sub-basin 224.30 m3 km~2 yr~! [36]; S1-2, 363.98 m3 km~2 yr~! [52]; S1-4,
237.25 m3 km~2 yr~! [53]; S1-5, 230.86 m® km 2 yr—! [37]; S1-6, 200.88 m3 km 2 yr~! [54];
what is in average 251.45 m® km~2 yr—1.

The soil erosion and the actual soil losses based on the land use in 1991 and in 2014
are presented at the Figure 6.

60
hlandnselggl Blanduse 2014 2300.000
2,000,000 o, ]
50 +
1,500,000
1,000,000
40 +
500,000 . l

landuse 1991 landuse 2014

Landuse(%s)
[F8]
[
1
T

OProduction of erosion material in the river
basin(m® yr)

EReal soil losses (m®/y1)

10 +

Range Forest Dryland Residential Trrigated
farming area agriculture

Figure 6. Land use changes (1991-2014), production of erosion material and real soil losses.
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Taking into consideration the land use changes in the study catchment reported in
the Table 3, the most relevant changes in the Talar are a decrease by 6% of forest lands and
an increase of about 4% in agricultural land. The maximum outflow (Qjq) increase by
14 m3 s~ (3.41%) with land use of 2014. In addition, the amount of sediment production
(eroded material) in the river basin and real soil loss increases by 265,372 m3 yr’1 (6%) and
60,938.9 m3 yr’1 (12%), respectively. These findings are in line with other studies findings
that the degradation and reduction of forest lands and the development of agricultural
lands is commonly associated with an increase of flow and sediment yield [55-64].

The best measure for protection of soil erosion processes and torrential floods is
prevention. Establishment of this structured IntErO database for the studied Talar river
basin will support in the future planning of permanent control of erosion processes, which
will be achieved by an integral river basin management system [65].

Findings from this research are in line with Rodrigo-Comino et al. [66] who clearly
demonstrate that the soil erosion intensity is highly dependent on the agriculture use.
Furthermore, various strategies and research reports have shown the importance of grown
cultures rotation to control the soil losses [30]. The key management aspect to control the
soil losses is agriculture and this is clear in many crops: vineyards [66], olive [67], and the
other cultures, what leads to the decrease in soil erosion intensity because of the vegetation
recovery [68].

4. Conclusions

Mazandaran Province is one of the northern provinces of Iran, which experienced
an appreciable land use change throughout the last three decades. Over more than two
decades, in the Talar watershed, a large part of the forest area decrease of about 30%
due to road and urban development, mine exploration, and construction of factories.
In addition, a large amount of rangelands was turned into agricultural as part of rural areas
development programs. All these changes have accelerated soil erosion process. In this
study, the IntErO model was used to predict the effect of land use change on soil erosion
and sediment yield in the Talar watershed. According to the model results, we concluded
that an increase in flood intensity has to be expected following the recent land use change.
The study showed that the Talar basin belongs to the third destruction category (out of
five), i.e., erosion process is medium and erosion type is predominantly surface erosion.
The degradation of forest lands, the development of agricultural land and the conversion
of rangelands into rainfed farming is leading to an increase of peak flow and sediment
yield in the Talar watershed. The IntErO model proved to be a suitable tool for assessing
the watershed response to land use change in terms of peak flow, erosion, and sediment
yield, especially in countries with data limitation. The projected climate changes in rainfall
amounts and intensity, predicted for the Middle East, may exacerbate the effects of the land
use change and remarkably increasing the current hazard level.
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