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Abstract:
The main goal of this study is to better understand the relationships between rainfall erosivity
and sediment yield during 1982 to 2018 in the Shirin Darrehdam (SDD) basin (1750 km2), North
Khorasan Province, northeastern Iran. Rainfall erosivity was evaluated by the Fournier index (FI),
Modified Fournier index (MFI), and rainfall erosivity (R factor), and specific sediment yield (SSY )
was obtained based on the Fournier empirical model (FEM) using daily precipitation data from 3
and 2 gauging stations in the upstream and downstream of the dam, respectively. The relationship
between rainfall erosivity, precipitation, and sediment yield was assessed by the coefficient of
determination (R2)and Pearson coefficient (r). The results showed that the upstream of the dam was
more affected by rainfall and produced more sediments than the downstream. Strong correlations
were observed between the sediment yield, precipitation, and rainfall erosivity indices (R2≥0.5 and
the correlation was significant at the 0.01 level based on the r2. The primary sources of sediment
supply are the easily eroded sedimentary rocks such as the shale (Sanganeh Formation) and marl
(Sarcheshmeh Formation) which cover the considerable area in the study basin.

Keywords: Shirin Darreh dam; Rainfall erosivity; Precipitation; Sediment yield; Shale

1. Introduction

Soil erosion is a severe environmental hazard affecting the
quality of soil, land, and water resources upon which agri-
cultural activities, human health, and stability of natural
ecosystems depend for their sustenance(Wu et al., 2010;
Bahrawi et al., 2021). One of the significant types of soil
erosion is rainfall erosion, which results from the kinetic
energy in raindrops striking the soil(Piacentini et al., 2018;
Pugh and Stack, 2021; Jehangir Khan et al., 2021). The
rainfall erosivity (R factor) was introduced by Wischmeier
and Smith in the Universal Soil Loss Equation (USLE) and
can be used to describe the effect of rainfall on soil erosion,
especially sheet and rill types(Wischmeier and Smith, 1978).
Some authors have recommended that a time series data of
more than 20 years should be considered to estimate the R
factor (Vente et al., 2011; GhasemShirazi et al., 2014; Silva
et al., 2020). Unfortunately, data of such detailed tempo-

ral resolution are not readily available in many regions of
the world. To solve this problem, some approaches were
presented to drive the R factor that makes use of variables
of easier access, like Fournier index (FI) and modified
Fournier index (MFI)(Fournier, 1960; Arnoldus, 1980). To
calculate the R factor, some empirical relationships were
also suggested based on the MFI and mean annual precipi-
tation(Arnoldus, 1977, 1980; Renard and Freimund, 1994;
Yu and Rosewell, 1996). Specific sediment yield (SSY ) is
defined as the amount of sediment removed from a basin
by different erosive factors during a specific period. Soil
erosion and sediment yield are highly affected by several
factors, including geology and geomorphology, hydrology,
climate, runoff volume, vegetation cover, soil microbial
activities, and anthropogenic modifications(Dutta, 2016; Or-
giazzi and Panagos, 2018; Li et al., 2019; Xu et al., 2019b;
Waila et al., 2020; Begy et al., 2021). There is often a
strong correlation between rainfall and sediment yield that
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introduces the rainfall erosivity indices as readily available
tools to estimate soil erosion(Vente et al., 2011; Otari and
Dabiri, 2015; Xu et al., 2019a; Kolli et al., 2021).
The sediment discharge rate into the Shirin Darreh dam
(SDD) reservoir, northeastern Iran, is high, and the reser-
voir has lost a considerable percentage of its initial capacity
due to sediment retention. A few studies aimed at explor-
ing the rainfall erosivity, documented results of the value
of rainfall erosivity indices for the study area. Behzadfar
et al. (2014)calculated the MFI based on daily rainfall data
from 35 gauging stations in the North Khorasan Province
and indicated that the several basins in the study area were
low (46.36%) and medium (46.23%) erosion risk classes.
Based on the FI, Qarehdaqi (2015) concluded that the main
part of the North Khorasan Province was susceptible to ero-
sion.Sdaeghi and Zabihi (2019)demonstrated that the MFI
variations were consistent with the precipitation trend dur-
ing 1987-2006. Although rainfall erosivity has been studied
in the study basin, the relationship between this type of soil
erosion and sediment yield has not been mentioned in detail
yet. Due to more sensitivity of arid and semi-arid regions to
changes in rainfall characteristics and fluctuations in sedi-
ment yield compared to the other climatic classesChen et
al. (2012), Joghatayi et al. (2015), and Bahrawi et al. (2021),
it was attempted to study the relationship between rainfall
erosivity and sediment yield in the study area. The main
objectives of this study are (1) to calculate and compare
the rainfall erosivity indices (FI, MFI, and R factor) and
SSY in the upstream and downstream of the SDD; and (2) to
analyze the relationship between rainfall erosivity and sed-
iment yield. In order to achieve these goals, the FI, MFI,
and R factor were calculated based on daily rainfall data
recorded at different sites the upstream and downstream
of the dam for the period of 1982-2018, and the SSY was
obtained according to the Fournier empirical model (FEM).
Then, the effect of rainfall erosivity on sediment yield was
evaluated based on the correlation coefficients.

1.1 Study area

The SDD basin is located about 65 km northwest of the
Bojnord City, North Khorasan Province, Iran, and covers a
total area of 1750 km2 Fig. 1. The basin(longitude57◦6′25′′-
57◦58′35′′ E;latitude37◦41′31′′-37◦59′52′′ N)is character-
ized by an arid and semi-arid climate with mean annual pre-
cipitation of 266 mm. The minimum rainfall occurs in sum-
mer, and most of the total annual precipitation is recorded
from March to May. The significant type of land use are
pastures with moderate to low density, dry farming, water
farming and gardens, thin forests, grasslands and shrubs,
river bed, and residential areas(Elahi, 2012). Rugged rock
units, such as limestone (Tirgan Formation with Cretaceous
age), form the higher topography, while marl and shale
(Sarcheshmeh and Sanganeh Formations with Cretaceous
age) cover the lowlands, so that the main part of the basin
consists of shale and marl rocks, and limestone only ex-
posed in the northeast of the basin(Mostakmeli, 2001). The
main formations in the study basin are Tirgan limestone,
Sarcheshmeh marl, Sanganeh shale, and Aitamir shale and
sandstone with Cretaceous age. The youngest geological

units include terraces, eolian deposits, and debris flows with
Quaternary age Fig. 1. Theses formations cover 1, 24, 37,
30 and 8% of the study area, respectively.Therefore, the
high erodibility of the Sarcheshmeh, Aitamir, and Sanganeh
Formations, associated with their extended outcrops, are
the essential factors that intensify the sediment yield during
rainfall events. SDD (built-in 2005), northeast Iran, is clas-
sified as the biggest dam in North Khorasan Province. The
dam formed a reservoir with a total capacity of 91 million
cubic meters (Mm3). The main purpose of dam construction
on the Shirin Darreh River was to provide drinking water
for Bojnord City, located about 65 km south-east of the dam
and for agricultural and industrial purposes through the con-
trol of flood and runoff. The SDD suffers from a high rate of
erosion and deposition in the upstream areas. Due to enor-
mous volume of discharged and accumulated sediments,
the capacity and lifetime of the dam have been decreased,
and the reservoir lost 32% of its initial total capacity due to
sedimentation during 2005-2019. Sedimentation continued,
and the current total capacity is 61 Mm3 (Emamgholizadeh
et al., 2020).Sadra (2014) showed that the high erosion rate
in the study basin is tightly related to the presence of erodi-
ble rocks, including marl and shale. High amounts of sand
compared to silt and clay particles in sandy loam texture,
which is the dominant type of soil texture in the study area,
may be another reason for the high susceptibility of soils
to erosion(Sadra, 2014). Moreover, vegetation and land
use modifications, resulting in decreased pastures with high
density and increased agricultural lands and construction
areas, have intensified the erosion rate in upstream of the
dam(Elahi, 2012). Therefore, natural factors along with an-
thropogenic effects have accelerated the soil erosion process
in the study basin.

2. Methods
In analyzing the rainfall erosivity, daily precipitation data
from three gauging stations in the SDD basin (upstream)
and two stations outside the basin (downstream) over 36
years (1982-2018), recorded by the Regional Water Com-
pany of North Khorasan, were used(Table 1 and Table 2).
At all these sites, the precipitation is measured daily by a
standard rain gauge (Rahmawati et al., 2021). The rainfall
erosivity was assessed based on the FI, MFI and R factor
as below (Fournier, 1960; Arnoldus, 1980):

FIt =
p2

P
(1)

MFIt =
∑

12
i=1 pi

2

P
(2)

where p is the mean maximum monthly precipitation (mm),
pi is the precipitation (mm) for month i, P is the mean
annual precipitation (mm), FIt is the total Fournier in-
dex (mm), and MFIt is the total modified Fournier index
(mm). The annual Fournier index (FIa) and annual modi-
fied Fournier index (MFIa) were obtained by averaging the
FIand MFI for each year of the study period. The R factor
of erosive rainfall was calculated based on seven empirical
equations presented in Table 3. Because of MFI< 55 mm
for all the gauging stations, equation 6 was not included.
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Table 1. Geographical characteristics of the gauging stations in the study area

Location to Station Code Longitude Latitude Elevation Drainage area Slope (%)
the dam No. (E) (N) (m) (km2) (%)

QalehBarbar 1 57◦11′5′′ 37◦45′5′′ 770 1525 4.32
Upstream Qatlish 2 57◦16′56′′ 37◦48′38′′ 977 1355 3.92

Ali Mohammad 3 57◦37′5′′ 37◦44′55′′ 1300 1421 3.10
Downstream HassehGah 4 57◦2′6′′ 37◦40′2′′ 800 1818 4.40

Aq Mazar 5 56◦55′10′′ 37◦41′43′′ 567 1320 2.10

Figure 1. (a) North Khorasan Province and the study area on the map of Iran; (b) study area setting on map of North Korasan
Province; (c) geological map (Modified from Afshar Harb (1994)with locations of the gauging stations in the study area.

It should be noted that in equations 3 to 7 , the R factor
was obtained using two methods based on the MFI calcu-
lation procedure. In the first method, the MFIt was used
to calculate the Total R factor (Rt factor). The Annual R
factor (Ra factor) was calculated based on the MFIa val-
ues in the second method. The R factor is a function of
P based on equations 8 and 9, which was also calculated
using two methods. In the first method,P was considered
in equations 8 and 9, and the Rtfactor was obtained. In the
second method, the R factor was calculated according to the
precipitation for each year, and then the average of R factor

was considered as the Ra factor.
The sediment yield was calculated as below (Fournier,
1969):

logSSYt = 2.65log
p2

P
+0.46logH(tanS)−1.5 (10)

where SSY t is the total specific suspended sediment yield
(ton year−1km−2), p is the mean maximum monthly precip-
itation (mm), P is the mean annual precipitation (mm), H
is the mean elevation (m), and S is the mean slope (degree)
in a basin. The annual specific suspended sediment yield
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Table 2. Statistical characteristics of rainfall (mm) in the study area during 1983-2018

Upstream Downstream
Station 1 2 3 4 5

Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Oct. 0.0 37.0 13.5 0.0 42.5 11.0 0.0 41.5 13.3 0.0 38.0 13.2 0.0 37.5 10.4
Nov. 0.0 73.5 31.3 0.0 48.0 20.6 0.0 78.0 27.6 0.0 67.5 26.6 0.0 57.0 20.4
Dec. 8.5 93.0 32.9 0.0 54.5 23.7 2.0 89.5 31.1 0.0 74.5 32.7 0.5 59.0 25.4
Jan. 0.0 65.0 26.2 0.0 53.5 19.3 0.0 102.0 34.9 0.0 86.0 33.0 2.0 53.5 24.0
Feb. 4.5 95.5 42.8 6.5 77.0 26.8 8.0 95.0 49.4 13.0 119.0 47.6 6.5 86.0 37.1
Mar. 9.0 105.0 45.8 10.5 69.5 31.6 17.5 105.5 49.8 11.5 110.0 49.5 11.5 75.5 36.1
Apr. 2.0 123.5 42.0 0.0 82.5 30.6 10.5 130.5 48.5 15.5 103.5 46.8 2.0 95.5 36.6
May. 0.0 142.0 40.0 0.0 77.5 27.4 0.0 144.0 45.5 0.0 103.0 36.0 0.0 75.5 24.4
Jun. 0.0 94.0 17.5 0.0 52.5 14.8 0.0 63.0 19.4 0.0 50.0 14.1 0.0 52.5 9.5
Jul. 0.0 93.5 12.8 0.0 35.5 10.2 0.0 45.0 9.9 0.0 43.0 11.1 0.0 38.3 9.2

Aug. 0.0 88.0 9.7 0.0 52.0 10.3 0.0 85.5 10.3 0.0 72.5 10.4 0.0 51.0 9.4
Sep. 0.0 105.5 9.8 0.0 48.0 7.6 0.0 75.5 10.0 0.0 45.2 7.4 0.0 39.0 5.9

Mean - - 27.0 - - 19.4 - - 29.1 - - 27.3 - - 20.7
Annual 99.5 563.0 324.2 132.0 392.0 233.7 181.0 582.0 349.7 188.0 594.0 328.6 101.0 402.0 248.5

Table 3. Statistical characteristics of rainfall (mm) in the study area during 1983-2018

Type of Eq. No. Equations Reference
regression

3 R = 0.302MFI1.93 (3) (Arnoldus, 1977)

4 R = 1.735×10((1.5logMFI)−0.08188) (4) (Arnoldus, 1980)

Eq.based on 5 R = 0.7397MFI1.847MFI55mm (5) (Renard and Freimund, 1994)

the MFI 6 R = 95.77−6.081MFI +0.477MFI2MFI ≥ 55mm (6)

7 R = 3.82+MFI1.41 (7) (Yu and Rosewell, 1996)

Eq.based 8 R = 38.46+3.48P (8) (Lo et al., 1985)

on the P 9 R = 0.0483P1.61 (9) (Renard and Freimund, 1994)

(SSY a) for each year was also calculated by the maximum
monthly precipitation in a year (instead of the p), and the
sum of precipitation in a year (instead of the P) for each
gauging station. When the indices (FI, MFI, R factor, and
SSY ) were calculated at total and annual scales for each
gauging station, the estimated average (EA) was used to
compare them in the upstream and downstream of the dam:

EA =
∑

5
i=1 X iAi

A
(11)

where EA is the estimated average of an index in upstream
or downstream, xi is the index value for station i, Ai is the
area covered by station i (km2), and the A is the total area
(km2) covered by all the gauging stations in upstream or
downstream.

3. Results

3.1 Rainfall erosivity indices and sediment yield
The FI and MFI calculation results for the study area are
presented in Table 4 and Figure 2. In the upstream of the
SDD, the maximum FIt , FIa, MFIt , and MFIa were cal-
culated for station 3 (equal to 18.37, 19.60, 37.57, and
50.29 mm, respectively). In contrast, their minimum val-
ues were obtained for station 2 equal to 10.63, 11.2, 22.95

and 31.87 mm, respectively. In the downstream, station 4
showed higher values for all the FIs than station 5. Based
on the EA, the downward sequence of the indices for the
upstream was as MFIa (42.77), MFIt (31.53), FIa (15.8),
and FIt (15.01), respectively (Figure 2). Similarly, it was
arranged as MFIa (40.71), MFIt (30.55), FIa (15.63), and
FIt (14.92) for the downstream. According to Table 4,
the stations 2 and 3 in the upstream were included in the
minimum and maximum R factor, respectively, based on
equations. 3 to 9. In the downstream, the higher values
of the R factor were calculated for station 4 compared to
station 5. The EA was higher for the R factor in upstream
than in downstream, which in some cases, the difference
between them was significant (e.g., Ra factor based on equa-
tion 5) (Figure 2).In the upstream of the dam, the maximum
SSYt and SSY a were obtained for stations 3 (362.62 ton
km−2 yr−1) and 1 (584.99 tonyear−1km−2), respectively
(Table 4). In the downstream, the values of these two pa-
rameters for station 4 (328.89 and 478.83 ton year−1km−2,
respectively) were higher than for station 5 (132.73 and
227.64 tonyear−1km−2, respectively). On the other hand,
the EA for the SSY t and SSY a upstream had relatively signif-
icant differences compared to downstream (3.31 and 67.11
tonyear−1km−2, respectively) (Figure 2).
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Figure 2. Comparison of estimated average for rainfall erosivity indices in upstream and downstream of the dam; (a) total
and annual Fournier index, total and annual modified Fournier index; (b) total rainfall erosivity; (c) annual rainfall erosivity;
(d) total and annual specific sediment yield.

Table 4. Calculation results of the rainfall erosivity and sediment yield in the study area

Station Upstream Downstream
Index 1 2 3 EAe 4 5 EA

FIt 15.78 10.63 18.37 15.01 16.81 13.55 14.92
FIa Min 4.76 4.58 3.21 6.26 5.01

FIa Max 26.28 24.90 22.58 15.80 31.38 28.72 15.63
Mean 16.55 11.21 19.60 17.49 14.28

MFIt 33.55 22.95 37.57 31.53 35.72 26.81 30.55
MFIb Min 18.36 15.64 22.44 26.88 14.00

MFIa Max 81.76 47.78 80.06 42.77 73.29 64.53 40.71
Mean 45.47 31.87 50.29 46.94 36.2

Rt 265.94 127.79 330.80 243.84 300.15 172.43 246.42
R factorc Min 83.07 60.98 122.36 173.38 49.20

(Eq.3) Ra Max 1483.33 526.10 1424.35 473.57 1201.25 939.56 451.97
Mean 534.85 253.96 617.22 539.03 332.07

Rt 279.32 158.03 330.96 258.16 306.86 199.46 261.68
R factor Min 113.07 88.93 152.78 200.31 75.26
(Eq.4) Ra Max 1062.31 474.66 1029.33 421.12 901.69 744.94 410.47

Mean 462.57 264.52 525.98 473.77 323.29
Rt 486.16 241.10 599.09 611.66 545.85 321.16 451.33

R factor Min 159.66 118.77 231.28 322.83 96.72
(Eq.5) Ra Max 2518.45 933.96 2422.54 1147.32 2058.11 1626.86 802.48

Mean 940.40 463.17 1082.76 951.26 597.59 951.26
Rt 541.29 316.89 634.86 687.37 591.32 394.43 508.49

R factor Min 231.34 184.58 306.99 396.00 157.79
(Eq.8) Ra Max 1997.70 1402.62 2063.82 1096.92 2105.58 1437.42 1064.77

Mean 1166.51 852.29 1255.52 1182.04 903.28
Rt 532.41 314.75 601.58 667.06 544.22 347.10 461.30

R factor Min 79.51 125.33 208.35 221.48 81.45
(Eq.9) Ra Max 1294.98 722.99 1366.07 508.52 1411.70 752.92 480.55

SSYt 281.94 94.96 362.62 249.68 328.89 132.73 246.37
Specific Min 11.78 10.22 48.56 24.07 9.52
sediment SSYa Max 6536.00 906.39 3622.50 440.27 1720.80 972.78 373.16

yieldd Mean 584.99 165.97 546.54 478.83 227.64

aFournier Index (mm)
bModifiedFournier Index (mm)
cRainfall erosivity (MJ mm ha−1 h−1 year)
d in ton year−1 km−2

eEstimated average
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3.2 Correlation between rainfall erosivity and sediment
yield

The results of the calculation of the coefficient of determina-
tion (R2) between rainfall erosivity indices, sediment yield,
and precipitation are presented in Figure 3. As seen, all
the rainfall erosivity indices were strongly and positively
correlated with the precipitation (except for the FIa (Fig-
ure 3.a))(R2≥0.50). The strongest correlation between all
the rainfall erosivity indices and precipitation was obtained
for stations 1 and 3 in upstream, and the weakest correlation
was calculated for station 2. In the downstream, station
4 showed a stronger correlation than station 5 for all the
rainfall erosivity indices. Overall, the strongest correlation
between rainfall erosivity indices and precipitation was ob-
tained for the stations in upstream of the dam. The relation
between mean annual precipitation and SSY was presented
in Figure 3.h. The SSY t and SSY a were strongly correlated
with the precipitation, and the R2 for both of them was
more than 0.9. Based on the Pearson correlation coefficient
(r)(Table 5, the correlation between precipitation, rainfall
erosivity indices and sediment yield was significant for all
the upstream stations (except for the FIa in station 2). In the
downstream, correlation between the mentioned parameters

was not significant in station 4 (SSY a) and station 5 (FIa
and SSY a). Totally, according to the r results, the correla-
tion between the precipitation and rainfall erosivity indices
and sediment yield was more significant in upstream of the
SDD than in downstream.

4. Discussion

Considering Table 2, it is revealed that the maximum mean
annual precipitation was equal to 349.7 and 328.6 mm, re-
spectively, for stations 3 and 4, where the maximum of
the FIs were obtained in upstream and downstream of the
dam. Furthermore, the minimum values of these indices
in the upstream and downstream were calculated for sta-
tions 2 and 5, with the minimum mean annual precipitation
of 233.7 and 248.5 mm, respectively. Similarly, based on
all the equations, the R factor had the maximum and min-
imum values for the stations with the highest and lowest
mean annual precipitation, respectively, in the upstream
and downstream of the SDD (Table 2). It suggests a strong
correlation between rainfall and rainfall erosivity. When
raindrops hit the soil surface, they can dislodge soil particles
and create small craters. Furthermore, the raindrop force
break down soil aggregates and loosen the soil, making it

Figure 3. Coefficient of determination values between rainfall erosivity indices and sediment yield, and precipitation and
sediment yield .
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Table 5. r values between precipitation and rainfall erosivity indices and sediment yield

Station Upstream Downstream

Index 1 2 3 4 5
FIa r 0.477** 0.181 0.500** 0.342* 0.259

Sig. 0.003 0.289 0.002 0.041 0.126
MFIa r 0.877** 0.719** 0.870** 0.836** 0.779**

Sig. 0.000 0.000 0.000 0.000 0.000
Rafactor(Eq.3) r 0.839** 0.703** 0.861** 0.841** 0.739**

Sig. 0.000 0.000 0.000 0.000 0.000
Rafactor(Eq.5) r 0.844** 0.705** 0.862** 0.841** 0.743**

Sig. 0.000 0.000 0.000 0.000 0.000
Rafactor(Eq.7) r 0.869** 0.714** 0.869** 0.840** 0.764**

Sig. 0.000 0.000 0.000 0.000 0.000
SSYa r 0.470** 0.312** 0.304** 0.303 0.196

Sig. 0.002 0.004 0.007 0.073 0.253

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

more susceptible to erosion ((Sakhraoui and Hasbaia, 2023;
Zhao et al., 2023). Therefore, due to the higher values of
the mean annual precipitation during 1983-2018, rainfall in
upstream of the dam was more erosive than in downstream
that results in more sediment yield. This is in good agree-
ment with the results of Piacentini et al. (2018) in the NE
Abruzzo Hills Area in Central Italy, and Silva et al. (2020)
in the Epitácio Pessoa reservoir catchment, Paraı́ba, Brazil,
who found that the rainfall erosivity was strongly correlated
with precipitation variations.The slope gradient has a crucial
role in the extent and intensity of rainfall erosion through
several ways such as increased runoff, enhanced sheet ero-
sion, rill and gully formation, reduced infiltration, increased
sediment transport, and reduced soil stability. Elevation is
another parameter can control rainfall erosivity by changing
the precipitation patterns and intensity, direct relationship
with slope gradient, and influence on soil characteristics and
vegetation cover(Chen et al., 2022; Ahamd et al., 2024). Be-
cause of the important role of slope gradient and elevation
on rainfall erosion, in the FEM (equation 10), the SSY has
a direct relationship with these two parameters of a basin,
as well as the precipitation of the wettest month of a year
to annual precipitation ratio. Therefore, the higher slope
and elevation, the more sediment is predicted to yield in a
basin. As seen in Figure 4.a, the steeper slopes are mostly
observed in the upstream areas. Furthermore, the elevation
classes in upstream of the SDD are between 600 and mare
than 2400 m, while the elevation only ranges between 600
and 1800 m for downstream areas (Figure 4.b). In dam up-
stream, the EA for slope gradient and elevation is 3.79% and
1010.32 m, and it is about 3.43% and 701.98 m for down-
stream. Moreover, the EA for p to P ratio in the FEM was
calculated 0.23 and 0.22 for the upstream and downstream,
respectively, resulting in more sediment yield in upstream
than in downstream, despite the negligible differences be-
tween these two ratios. Totally, the upstream of the dam
is more susceptible to rainfall erosion than downstream be-

cause of the impacts of geographical factors (slope gradient
and elevation (Fig. 4) and climatic parameters (precipita-
tion). This result ties well with previous research wherein
Wu et al. (2018) and Deng et al. (2019) observed that as the
slope gradually increased, more sediment leached from the
surface and flowed downward. Considering the effect of
precipitation on sediment yield, Babur et al. (2020) found a
direct relationship between precipitation and sediment yield
in a mountainous watershed of India and Pakistan They
predicted an upward trend for sediment production during
2011-2100 and adverse effects on Mangla dam in Pakistan.
The elevation is also directly related to sediment yield so
that sediments in highlands are rapidly eroded and trans-
ferred to the lowlands of a basin. This result corresponds
with the findings in Eroglu et al. (2010) study of the Hatila
Valley, Turkey. Also,Nearing et al. (2015)concluded that
annual rainfall erosivity increased by 25% when elevation
varied between 1234 and 1644m in southeastern Arizona
during 1960-2012. Therefore, when comparing our results
to those of previous studies, it is revealed that the higher
slope, elevation, and precipitation rate in upstream of the
dam results in more sediment yield than in downstream
based on the FEM equation. According to Figure 3 and
Table 5,rainfall erosivity and SSY were strongly correlated
with the precipitation. These results are compatible with
the study conducted by Vente et al. (2011) and Farajzadeh
et al. (2017) in NW Mediterranean geoecosystems (Spain),
and basins in central Iran and Khazar basin (Iran). A similar
approach indicated that the correlation coefficient between
sediment yield and maximum 60-minute rainfall intensity
(I60) was 0.6, and a high volume of sediments was produced
when the number of rainfall peaks and their continuity in-
creased for Miyun Dam Basin, China ((Xu et al., 2019a)).
Therefore, one of the governing factors of sedimentary mate-
rials production in the study area is rainfall erosivity, which
significantly affects the sediment yield based on annual and
total scales. Based on the Erosion Potential Model (EPM),
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Figure 4. (a) Slope gradient, and (b) elevation variation in the study area.

the SSY in upstream of the dam was about 480 tonkm−2

year−1, during 1968-2014 (46 years) (Regional Water Com-
pany of North Khorasan 2015). Assuming this sediment
yield rate remains constant over time and deposited bulk
density of about 1.35 ton m−3,it suggests a sediment inflow
rate of about 30 million tons or 22 Mm3 during the study
period (1983-2018). In the present study, the EA of the SSY
originating from the rainfall erosivity was obtained 249.68
and 440.27 tonyear−1km−2 at total and annual scales, re-
spectively, in the upstream of the dam (Table 4). If the area
is the simple average of the area covered by each station in
upstream of the dam (1433 km2), 13 and 23 million tons
(equal to 9 and 17 Mm3, respectively) of sediments trapped
in the reservoir totally and annually, respectively, due to
rainfall impact over 1983-2018. Therefore, rainfall erosion
can produce 41 and 77% of the total volume of sediments
(22 Mm3) discharging into the reservoir totally and annually.

If the estimated SSY in the present study remains constant
over time, the sediments produced by rainfall erosion will
be enough to fill the reservoir in the next 307 and 158 years,
at annually and totally scales, respectively. Although it
takes a long time for the reservoir to be completely filled
with sediments from rainfall events, constant sediment yield
rates over time are not possible. It is well accepted that
the main factors, including changes in climatic patterns and
anthropogenic impacts on vegetation cover and land use,
can highly increase the rate of sediment yield. Moreover,
the present study obtained the higher precipitation rate, rain-
fall erosivity indices, and sediment yield for the study sites
upstream of the dam. Consequently, the sediments originat-
ing from rainfall erosivity upstream are expected to fill the
reservoir in a shorter period.
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5. Conclusions

In this study, the FI, MFI, R factor, and sediment yield
were calculated based on empirical methods in upstream
and downstream of the Shirin Darrehdam basin over 36
years. The FI, MFI, and R factors revealed that upstream
areas suffer from more rainfall erosivity than downstream.
Based on the FEM, the SSY in the upstream of the dam
(with the EA of SSY t4and SSY a equal to 249.68 and 440.27
ton year−1 km−2, respectively) was more than in the
downstream (with the EA of SSY t and SSY a equal to 246.37
and 373.16 ton year−1 km−2, respectively), and strongly
correlated with P and rainfall erosivity indices at annual and
total scales. One of the most critical factors accelerating the
erosion in upstream of the dam can be related to exposures
of marl, shale, and sandstone, which are low resistant to
raindrop’s energy and produce fine-grained sediments
discharging into the reservoir. Fluctuations in precipitation,
long dry periods, and frequent flood events, which are most
evident in arid and semi-arid regions, can be the other
factors involved in rainfall erosivity. In order to compare the
rainfall erosivity more accurately, it is suggested to provide
comprehensive data on lithology, vegetation density, soil
texture, mean annual and monthly runoff, drainage density,
hydrologic network, agricultural practices, topography,
and geomorphology in upstream and downstream of
the dam. Investigations on spatiotemporal variability of
precipitation and rainfall erosivity are also recommended
globally, mainly in arid and semi-arid regions, where the ef-
fects of rainfall events on erosion process are highly evident.
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