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Abstract

Estimating sediment yield accurately in watershed areas is always a concern for planners. A
noteworthy aspect in this regard is the variation in river behavior within watershed areas during
dry and wet periods. The objective of this study is to investigate sediment variations during dry
and wet periods at both upstream and downstream stations of the Karkheh Dam. To achieve this,
flow and sediment statistics from the Afrineh-Kashkan station upstream of the dam and the Pay-
Pol station downstream, spanning a 38-year period (1350-1398), were utilized. For this purpose,
dry and wet periods were initially identified, and for each, sediment rating curve was plotted. To
enhance the sediment rating curve relationship, corrective factors including FAO, QMLE and
Smearing were employed. Performance evaluation of each was conducted using indicators such
as RMSE, ME and P. The results of the sediment analysis at each station during dry and wet
periods indicate that the specific sediment yield has decreased during dry periods and experienced
a significant increase during wet periods. Moreover, the specific sediment yield at the downstream
station (Pay-Pol) of the Karkheh Dam has also shown a considerable reduction, indicating the
dam's impact on sediment regulation downstream.
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1. Introduction

Information on the precise mechanisms of erosion, sediment transport, and sedimentation
processes in the country is significantly less than the existing needs, and in many cases, substantial
discrepancies are observed between measurements and conducted estimates. Rivers are constantly
confronted with erosion and sediment transport phenomena. Therefore, estimating sedimentation
amounts is of paramount importance in soil conservation projects, watershed management, and
the utilization of water resources [1]. Suspended sediment load is an indicator of total watershed
sedimentation, and assessments of sediment production in watershed areas often rely on scattered,
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limited, and irregular sampling of riverbed suspended sediments [2]. In the absence of actual
sediment measurements, hydrologists use sediment rating curves to determine suspended sediment
concentration, and the most common method for estimating sediment load involves using data on
suspended sediment concentration and flow rate data [3]. Determining the effects of dry or wet
periods in a region is a fundamental requirement for environmental and economic planning,
especially in resource management, particularly water resources. Sediment load in watersheds is
influenced by various factors such as precipitation, topography, geology, vegetation cover, land
use and soil erodibility characteristics. Therefore, all these factors must be taken into account for
calculating sediment load [4].

The majority of sediment transported by most rivers constitutes suspended load. Accurate
recognition of its quantity, especially during periods of dry and wet, is crucial. Ghaffari and
colleagues investigated the impact of dry and wet periods on the specific sediment yield in the
Karkheh watershed. The results indicated a notable decrease in sediment load during dry periods
and a significant increase during wet periods at all study stations [5]. In a study, Nazari Samani
and colleagues [6] investigated the general impact of land use changes and precipitation variations
on sediment production in the Taleghan watershed. The results indicated a significant increase in
suspended sediment load during wet periods and a meaningful decrease during dry periods [6].
Garbrecht examined the impact of climate change on erosion and sedimentation, finding that
increased precipitation led to an elevation in suspended sediment load, while decreased
precipitation resulted in a reduction in suspended sediment load in the watershed area in western
Oklahoma [7].The United States Soil Conservation Service also concluded, through a study on the
relationship between climate change and soil erosion, that soil erosion is expected to increase in
the future due to the rise in runoff [8].

Talebi et. al [9] focused on determining the optimal sediment rating curve equation and its
correlation with physical characteristics in the semi-arid regions of the Pol-Doab watershed. They
concluded that the MVUE correction factor in the sediment rating curve at the intermediate range
can be utilized for annual-scale sediment yield prediction. Additionally, the FAQ correction factor
provides a more accurate estimation of sediment yield at monthly, weekly, and daily scales [9].
Talebi et al [10] undertook the examination of the most suitable sediment rating curve equation
for dry climates (southwest Iran) and humid climates (north Iran). The research results
demonstrated the appropriateness of the intermediate range method for stations in dry and semi-
arid regions, as well as stations in humid and semi-humid areas. Moreover, the best correction
factor for both dry and semi-arid, and humid and semi-humid stations was found to be MVUE
[10].

Finally, the purpose of this research is to investigate sediment changes during dry and wet
periods at upstream and downstream stations of the Karkheh dam over a 38-year period. This is
done to determine the dam's impact on the concentration of riverine sediments.

2. Materials and methods
2.1. Study area

The Karkheh Watershed, covering an area of approximately 50.768 square kilometers, is
situated between 46 degrees 57 minutes to 49 degrees 10 minutes east longitude and 31 degrees
48 minutes to 34 degrees 58 minutes north latitude. This watershed consists of five sub-basins:
Gamasiab, Qarasu, Symareh, Kashkan and Karkheh down. The average annual precipitation in the
watershed is 492 millimeters. From a climatic perspective, the Karkheh Watershed belongs to the
Mediterranean climate [5]. For conducting this study, hydro-meteorological stations within the
watershed were considered, and stations located upstream of the Karkheh Dam (Afrineh-Kashkan)
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and downstream of the dam (Pay-Pol) were chosen as the study stations. Their specifications are
provided in Table 1, and Figure 1 depicts the geographical locations of the Karkheh watershed and
the selected stations.
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Figure 1. Geographical location of the study area

Table 1. Geographical characteristics of the studied stations

Geographical attributes

Station name The area of . . .
the field) (Km? Longitude latitude Height (m)
Afrineh-Kashkan
(upstream of the dam) 3670 47-53 33-20 820
Pay-Pol (downstream of 42620 48-09 32-25 90

the dam)

2.2. Methodology

In this research, a 38-year statistical period (1350-1398) was utilized. Initially, using Dubai's
existing statistics, dry and wet years were identified separately. Subsequently, based on Dubai's
data and suspended sediment obtained from the upstream station (Afrineh-Kashkan station) and
the downstream station (Pay-Pol station) in the Karkheh watershed, sediment rating curves were
plotted for each period of dry and wetness on a logarithmic scale. Finally, an examination of
sediment changes during dry and wet periods at the upstream and downstream stations of the
Karkheh Dam was conducted.

2.3. Determining dryness and wetness

In the present study, Dubai's statistics and sediment data from Afrineh-Kashkan and Pai-Pal
stations in the Karkheh River were utilized over a 38-year statistical period (1350-1398). Equation
(1) was employed to identify wet and dry periods.

Qi —Qm
s (1)
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In equation (1), Qi represents the average discharge in each year, Qm is the mean discharge,
and S is the standard deviation of the total annual discharge. Years with an index value greater
than 0.5 are considered wet years, and those with values less than 0.5 are considered dry years
[11].

2.4. Sediment Rating curve

In many cases, experts use sediment rating curve models for predicting and estimating
suspended sediment concentration in the absence of actual sediment data [12]. To construct the
sediment rating curve, the approach of the U.S. Bureau of Reclamation (USBR) is employed. In
this method, by simultaneously plotting flow discharge and the corresponding concentration of
suspended sediment on a logarithmic coordinate graph and fitting the best line through the data,
the exponential equation of the curve is obtained as follows.

Qs=a wa 2

In equation (2), Qs represents sediment concentration in milligrams per liter, Qw is the

discharge in cubic meters per second, and a and b are the constant coefficients of the equation.

In this regard, due to skewness, it has often failed to accurately represent sediment
concentration at different flow rates [13]. Skewness has led to the residuals (the difference between
observed and calculated values) not following a normal distribution, and its value becoming
greater than zero [14]. The skewness of the sediment rating curve arises from two factors. The first
factor is due to the transformation of the equation from a logarithmic to a natural form in the linear
regression model, essentially related to the nature of the rating curve. The second factor results
from extrapolation for estimating sediment in high flow discharges [13], which is associated with
the quantity and quality of the data, leading to a significant error in sediment estimation. Various
methods have been proposed to reduce skewness and increase accuracy in extrapolating the
sediment rating curve.

In order to achieve unbiased estimates with minimum error, various researchers have proposed
several statistical correction factors (FAO, Smearing, QMLE and p) that affect the sediment rating
curve equation [2]. These factors are calculated as follows.

=% @3)

Qw

In equation (3), Qs represents the observed average sediment concentration in milligrams per
liter or ton per day, Qw is the observed average flow discharge in cubic meters per second, a is the
FAOQ correction factor, and b is the same coefficient as in the USBR equation [9].

CFSmearing % Zinzl 108i (4)
& = log(C,) —log(Ce) ®)

In equation (4), n represents the number of observational samples, i is the residual of the
least squares regression model, CO is the observed sediment concentration in milligrams per liter
or ton per day, and Ce is the estimated sediment concentration in milligrams per liter or ton per
day [9].
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CFomLe =€(2'56152) (6)
2 _ Z?=1(10gC0—10gCe)
57 = (n-2) ()

In equations (6) and (7), (e) is the exponential function equal to 2.718, \(S?) is the standard
error, (n) is the number of observational samples, (1) is the residual of the least squares regression
model, (CO) is the observed sediment concentration in milligrams per liter or ton per day, and
(Ce) is the estimated sediment concentration in milligrams per liter or ton per day [9].

CFBZI-FB (8)
— Zin=1(5i)
B - {1:1 O(wa (9)

In equations (8) and (9), €"i represents the residual of the least squares regression model. (b)
and (a) are the coefficients of the USBR equation, and (Qw) denotes the mean flow rate of
observed samples in cubic meters per second [9].

After obtaining the sediment index equations using the provided correction factors,
performance evaluation and determination of the optimal equation are carried out in this study
using indicators such as Root Mean Square Error (RMSE), Maximum Error (ME), and Accuracy
Index [15]. These indices are calculated as follows:

n _ 21,2
RMSE=[ 2tz S5e=S5e) | (10)

In equation (10), (SSCo) represents the observed sediment concentration in milligrams per liter
or ton per day, (SSCe) is the estimated sediment concentration in milligrams per liter or ton per
day, and (N) is the number of observed samples. A smaller value for this coefficient indicates less
difference between observed and estimated data, resulting in higher predictive accuracy of the
relationship [9].

i 1(SSCo—SSCe)?
YL 1(SSCo—SSCm)?

ME =1 — (11)

In equation (11), (SSCo) represents the observed sediment concentration in milligrams per liter
or ton per day, (SSCe) is the estimated sediment concentration in milligrams per liter or ton per
day, (SSCm) is the average observed sediment concentration in milligrams per liter or ton per day,
and (ME) ranges from negative infinity to one, with higher values indicating greater accuracy in
estimation [9].

P = [Z?:l %]/N (12)

In equation (12), (SSCo) represents the observed sediment concentration in milligrams per liter
or ton per day, (SSCe) is the estimated sediment concentration in milligrams per liter or ton per
day, (SSCm) is the average observed sediment concentration in milligrams per liter or ton per day,
and ( ME ) ranges from negative infinity to one, with higher values indicating greater accuracy in
estimation [9].
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3. Results and Discussion

Based on the discharge data of the 38-year period of dry years, wet periods were determined
separately. In the next step, based on the discharge and suspended sediment data collected at the
upstream station (Afrineh-Kashkan) and the downstream station (Pay-Pol) located in the Karkheh
watershed, for each of the statistical periods of dry and wet periods, separate the sediment Rating
curve of the basin in a plane with coordinates Alogarithm was drawn. The equation of the initial
sediment measurement of each station in the period of dry and dry can be seen in Table (2). Figure
2 shows the graphs of sediment Rating curves in the studied stations of Karkheh basin in dry and
wet periods.

Table 2. Equations of primary sediment Rating of each station in dry and wet periods

) dry periods wet periods
Station name

Rating equation R? Rating equation R?

Afrineh-Kashkan (upstream
of the dam)
Pay-Pol (downstream of the
dam)

Qs=0.4201Qu21%5  0.76  Qs=0.202Qu>%%  0.78

Qs=0.0395Qw?**%®  0.76  Qs=0.059Qw??*  0.72

After plotting the sediment rating curve for each station, factors such as FAO, QMLE, and
Smearing were employed to enhance the curve's relationship. For evaluating the performance and
determining optimal equations in both wet and dry periods, metrics including root mean square
error (RMSE), maximum error (ME), and accuracy index (P) were utilized. The closer the value
of P and ME is to 1 and the value of RMSE is to zero, the more accurate the model is [9]. To select
the optimal equation for each station, the ranking of the evaluation index values has been used. In
this way, the closest value of P and ME index to 1 and the closest value of RMSE index to zero at
the station in question, which represents the smallest difference between estimated and observed
sediment values, was assigned the rank of 1. The next values of the indicators in the desired station
were also ranked accordingly. Then, the ranked values of the columns were compared and the
optimal equation was selected based on the column with the lowest ranked values. Tables 3 and 4
show the results of the values of the evaluation indices of each of these equations and the results
related to the ranking of the values of the evaluation indices.

Sediment rating curve during the dry Sediment rating curve during the wet
period at the Pay-Pol station period at the Pay-Pol station
10000000
10000000
y = 0.0395x2-3083 . y = 0.059x22314 .
1000000 R2=0.76 ) 1000000 R2=0.72 .
> 100000 > 100000 °
= S A
§ 10000 5 10000
£ 1000 = 1000 o”
[ )
E 100 E 100
3 k=]
@ 10 & 10
1 . 1
1 100 10000 1 100 10000
Q(més) Q(més)

WINTER 2024, Vol 10, No 1, JOURNAL OF HYDRAULIC STRUCTURES
Shahid Chamran University of Ahvaz



78 S. Rezaeimanesh, S. Parvizi, A. Talebi

Sediment rating curve during the dry
period at the Afrineh-Kashkan

Sediment rating curve during the wet
period at the Afrineh-Kashkan
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Figure 2. Graphs of sediment rating curves in the studied stations of Karkheh watershed in
dry and wet periods.

Table 3. Evaluation indicators of the accuracy of the sediment Rating curve using the correction
factors of Afrineh-Kashkan station

Index evaiution No coefficients FAO QMLE Smearing
RMSE 13135.396 10835.02 12571.33 10756.64
dry ME 0.07725 0.4825 0.154 0.260
periods P _ 1.665 23.74 3.15 5.46
Total rating 9 7 8 6
RMSE 122378.8 634355.78 81757.55 88257.85
wet ME 0.410 -14.83 0.737 0.693
periods P 2.10 36.52 4.32 3.93
Total rating 7 12 5 6

Table 4. Evaluation indicators of the accuracy of the sediment Rating curve using the correction
factors of Pay-Pol station

Index evaiution No coefficients FAO QMLE Smearing
RMSE 47311.86 69018.902 33931.26 40027.67
ME 0.3611 -0.36 0.671 0.542
dry periods P _ 2.56 23.22 5.529 4.134
Total rating 7 12 5 6
RMSE 887615.56 3695396.61 711471.84 766246.94
wet ME 0.295 -11.212 0.547 0.4749
periods P 2.5895 61.196 5.0913 4.3012
Total rating 7 12 5 6

Given the results of Tables 3 and 4 during the dry period, the optimal equations for the Afrineh-
Kashkan and Pay-Pol stations, respectively, are obtained using the smearing correction factor
(Equation 13) and the QMLE correction factor (Equation 14). During the wet period, the equation
obtained using the QMLE correction factor (Equations 15 and 16) was selected as the optimal
equation for the Afrineh-Kashkan and Pay-Pol stations
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Qs=1.38Qu21S (13)
Qs=0.085Qu> ¥ (14)
Qs=0.4141Qu2% (15)
Qs=0.116Qu2 %% (16)

Continuing with the utilization of the obtained equations and substituting the daily discharge,
the total sediment yield for each station is determined in tons per day. By dividing the average
sediment load per unit area of the study basin for each station, the specific sediment yield is
obtained in tons per year per square kilometer. The examination of the specific sediment yield at
Afrineh-Kashkan station (upstream) and Pay-Pol station (downstream) during dry and wet periods
indicates that the specific sediment yield has decreased in dry periods and experienced a significant
increase in wet periods. Figure 3 illustrates the trends of sediment changes during both dry and
wet periods for both Afrineh-Kashkan and Pay-Pol stations. As can be seen, in dry periods the rate
of sediment is subtractive while in wet period, sediment is additive.

Additionally, the specific sediment yield at the downstream of the dam station (Pay-Pol station)
has also shown a considerable decrease in both dry and wet periods. Figure 4 depicts the trends of
sediment changes at Afrineh-Kashkan and Pay-Pol stations. Table 5 presents the average sediment
load and specific sediment yield values for each station during dry periods.
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Figure 3. The trend of sediment changes during dry and wet periods at the Afrineh-Kashkan
and Pay-Pol stations
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Figure 4. The trend of sediment changes at the Afrineh-Kashkan station (upstream) and the
Pay-Pol station (downstream)

Table 5. Average Sediment Load and Specific Sediment Yield for Each Station During Dry and

Wet Periods
dry periods wet periods
Area Average . .
Station name Km? . Special Average Special
( ) sedl(rtr:)e;]nt ;oad sediment sediment sediment
Y (ton.y.km?) load(ton.y) (ton.y.km?)
Afrineh-Kashkan
(upstream of the 3670 4838.169 1.31 24124.24 6.57
dam)
Pay-Pol
(downstream of the 42620 20382.01 0.47 11850.5 2.78
dam)

As can be seen in Table 5, the presence of a dam in both wet and dry periods, leads to the
regulation and reduction of sedimentation.

4. Conclusion

The current study focuses on investigating sediment changes during dry and wet periods at the upstream
and downstream stations of the Karkheh Dam, utilizing sediment rating curves. Using discharge and
sediment data and employing the mentioned methods, optimal sediment rating curve equations were
determined for dry and wet periods at both the upstream and downstream stations of the Karkheh Dam. The
results indicate that during the dry period, the Afrineh-Kashkan station exhibited a Smearing correction
factor, while the Pay-Pol station showed a QMLE correction factor. In the wet period, both the Afrineh-
Kashkan and Pay-Pol stations displayed a QMLE correction factor, demonstrating greater accuracy
compared to other coefficients.

The notable increase in specific sediment yield during the wet period can be attributed to the
rise in precipitation during wetter periods and the subsequent increase in runoff. Additionally, the
intensification of destructive floods enhances the capacity for erosion and sediment transport. The
volume of sediment transported into rivers is higher during wet periods compared to dry periods.
These results coincide with the results of Ghafari et al. [5], Garbrecht [7], American Soil
Conservation Service [8], Nazari Samani et al. [6] in relation to the increase in the amount of
sediment load, it corresponds to the increase in the amount of precipitation. Furthermore, the

WINTER 2024, Vol 10, No 1, JOURNAL OF HYDRAULIC STRUCTURES

Shahid Chamran University of Ahvaz



Investigating sediment changes during dry ... 81

results indicate a significant decrease in specific sediment yield at the downstream of the dam
station (Pay-Pol station) during both dry and wet periods. This highlights the role of the dam in
mitigating sediment transport.
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