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Abstract
Check dams as an important engineering structure are widely used to modify the hydrological responses and reduce soil 
erosion in watersheds. Hence, to identify the effectiveness of check dams and gain better insight into the construction of 
this structure in arid areas, it is necessary to present the adapted method to calculate the sediment volume trapped by 
check dam system. In this study, we evaluate three methods to calculate and estimate the sediment volume trapped by 
check dam systems based on geometric shapes including U-shaped geometric, Prism, and Pyramid. These methods were 
tested on a sample of 25 check dams that were constructed in the Snib basin (southeast Iran). by topographical survey 
and applying technical field works, the dimensions of the sediment deposited behind of each check dam were measured 
and the volume of retained sediment, Trap efficiency, sediment yield, total sediment yield and sediment emission was 
calculated for each check dams. The results showed that absolute variation in the volume of retained sediment and 
sediment yield based on the U-shaped method comparing other methods is from 23% to 34%. Meanwhile, due to the 
high variability of the check dam, comparing methods in groups combined present significant differences in sediment 
volumes, sediment yield, and total sediment yield when check dams are between 15 - 35 m in length and have a height of 
between 2 and 4 m. Overall, the use of U-shaped geometric method with high accuracy can provide valuable information 
to estimate total sediment yield and evaluate check dam effects when valleys present a uniform U-shape such as our 
study area. The outcome of these studies can be used as a basis for evaluating the effects of check dams to estimate 
sediment yields and mitigate natural hazards at ungauged basins in arid areas.

1. Introduction 
Currently, gully erosion is a prominent environmental challenge in 
arid regions which accelerates the land degradation process. The 
alarming consequences of this phenomenon appear as sediment 
transport and deposition in natural lakes and water reservoirs, 
silting channel, water quality deterioration, soil fertility, and land 
disasters which threatens sustainable development goals [1-3]. 
In this regard, the construction of check dams as an important 
engineering structure can modify the hydrological responses and 
reduce soil erosion, especially in arid regions [3,4]. Therefore, these 
structures in valley river beds by mitigating the flood velocity and 
sediment delivery have a key role in soil and water conservation 
in arid areas. For this reason, their construction is very common 
in land restoration projects worldwide  [5-7]. Hence, to identify 

the effectiveness of check dams and obtain satisfactory results 
from these engineer structures at ungauged basins, it is necessary 
to present the adapted method to calculate the sediment volume 
trapped by check dam system. The efficiency of check dams usually 
estimates based on the volumes of sediment trapped by check 
dams. Recently, many models with different accuracy, precision 
and complexity had used to estimates the sediment volumes [8-
10]. Some reports illustrated that, due to the complexity, precision, 
and accuracy of these methods, the requires data of each model 
and the suitability of the model for the study area should be taken 
into account; therefore, this hypothesis is highlighted in ungauged 
basins, especially in arid regions [6,8,11]. Many studies such as 
calculated the sediment received behind the check dams based on 
a simple hypothesis which estimates the sediment retain according 
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to the sediment wedge volume behind the check dam with a solid of 
known geometry [8,11-13]. In parallel, to determine the sediment 
trapping, presented a methodology based on a topographical 
survey together with a calculation process matrix in Spain, which 
depicted the suitable results in the studied area. Besides that, to 
calculate the volume of trapped sediments by each structure using 
Prism, Pyramid, Trapezoids, and Section Methods, indicated 
that the Section method due to involves detailed and precise 
topographic surveys presents the most accurate than other methods 
[14]. As, inference from researches, the method approaches and 
their precision strongly depends on the accuracy of data collection 
and accessible morphometric parameters, which trigger to present 
acceptable methodology to estimate sediment volume by check 
dams and consequently calculation of sediment yield at watershed 
level. Hence, the analysis of the different models provides a basis 
line to gain a better insight into the estimation of the potential 
sediment volume trapped by check dam systems and erosion 
rate in ungauged basins, especially in arid regions. The Taftan 
watershed, which is located in southeast Iran, has a arid climate 
with critical ecological conditions. Meanwhile, the synergistic 
effect of uniformity of distribution of precipitation, drought and 
lack of vegetation have led to accelerated land degradation over 
the basin, while livelihoods predominantly depend on agricultural 
and livestock products in this area  [4,15]. For this reason, the 
restoration projects by construction check dams were conducted to 
modify the hydrological responses and control gully erosion and 
consequently increase rural livelihoods, and welfare and improve 
ecosystem services in this area during the 1991s. Therefore, the 
aim of the present study is to evaluate the volume of sediment 
trapped by a sample of check dams and consequently determine 
the sediment yields at the watershed level through exact measuring 
of the sediment deposited behind check dams. Hence, we use the 
different models based on topographical manner to estimate the 
amount of sediment trapped by check dams in the Snib basin of 

Taftan watershed. The results of this study will provide valuable 
information to determine the most accurate method for determining 
sediment yield rates in the Taftan watershed.

2. Material and Methods
2.1 Description of Study Site 
The Snib basin is located between 28° 40′ and 28° 3′ N latitude 
and 60° 57′ and 60° 46′ E longitude in Sistan and Baluchestan 
Province, south-eastern Iran. This watershed is part of the Taftan 
sub-basin (about 30 km northwest of Khash city) which is at 
an average altitude of 2301 m above sea level (Figure 1). The 
livelihood of stakeholders in Snib basin is profoundly dependent 
on crop production and livestock, while water scarcity and lack 
of vegetation are prominent challenges in this area [16]. Rainfall 
is highly sporadic, both in terms of total winter and temporal 
distribution. The annual average precipitation in the study area 
is 174.9 mm, most of which occurs from January to May. This 
region has a dry climate and the average annual temperature is 
15.7° C. the soil in the mentioned area is depthless (10 to50 cm), 
characterized by coarse sand and light textured. Geologically, the 
area is mainly covered by hard rocks. The plant community in 
the study area belongs to 47 families of which 62.4% and 37.6% 
are related to annual and perennial plants respectively [15]. The 
rainfall intensity for the 24-hour period for 2, 5, 10, 25, 50. and 
100 year return period is equal to 38.2 54.6, 65.4, 79, 89.1, and 
99.7 mm, respectively. Hence  the peak discharges of Taftan basin 
were 16.8, 32.7, 44.1, 59.5, 71.5 and 83.9 m3 respectively (Table 
1). The Snib watershed has an area of 699.6 ha and a length of 4.12 
km, with an elevation difference of 864-metre and high erosion 
potential. The check dams in the study area were structured by 
loose rock cement during the 1991s to control flood risk and soil 
erosion (Figure 2)
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Table 1 Discharge-24 hours, peak discharge and intensity in Taftan basin 

 

100 year 50 year 25 year 10 year 5 year 2 year 
Return period 

Parameter                                
99.7 
32.5 
83.9 

89.1 
27.7 
71.5 

79 
22.9 
59.5 

65.4 
17.1 
44.1 

54.6 
12.6 
32.7 

38.2 
6.4 
16.8 

intensity 
Discharge- 24 hour 
Peak discharge 

Table 1: Discharge-24 Hours, Peak Discharge and Intensity in Taftan Basin
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Fig. 1. Location of the study area: A map of Iran, B the location of Sistan and Baluchestan Province in Iran, C 
location of Taftan watershed in Khash County, D Studied area in Taftan watershed, E Google Earth image for the 
study area includes check dams, basin boundary and Digital Elevation Model (DEM). 
 

 
Fig. 2. View of loose rock-cement check dam number 13 (a) and 16 (b) built in the study area 
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 Figure 2: View of Loose Rock-Cement Check Dam Number 13 (a) and 16 (b) Built in the Study Area
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3. Methodology
To conduct this research, first the basic field reports of the Snib 
watershed were studied. In a second step field visits were made 
and data were collected. In this regard, 25 check dams within this 
basin were selected to assess the sediment retention capacity of 
the check dam reservoirs. In this research, the volume of retained 
sediment was determined by three topographic methods including 
U-shaped geometric, Prism shape, and Pyramid shaped for each 
check dams [8,17]. Topographic survey for all methods was 
obtained during field work and cross profiles of the sediment 
received by each check dam were estimated. The schematics of 
three methods to estimate the volume of the sediment wedge and 
their necessary field measurements are presented in Figure. 3. 

3.1 Volume of Trapped Sediment 
To determine the volume of retained sediment behind the check 
dams the U-shaped method used Eq. 1 [17]. This method considers 
the topographical survey on the sediment begetting by the existence 
of the check dams.

V = L * dm * wm                                         (1)

Where V is the sediment volume, L is the length of the sediment 
reserve, dm and wm are the mean sediment depth and mean sediment 
width in every 5 m of sediment length, respectively.

The Pyramid method considers the medium width of the sediment 
deposited (w) as the width of a theoretical trapezoid. This is 
praised as the mean in the middle of the channel width up the 
ground across profile downstream of the check dam (wb) and the 
mean width of the cross profile on the sediment wedge (ws). The 
sediment volume was calculated by using Eq. 2 [8]. 

V= w * ls* h*1/2                                (2)

Where ls is the length of the sediment deposit, h is the sediment 
height calculated from the bottom to the top of the structure, and 
V is the sediment volume. To calculate the sediment wedge length 
and w the mean width of the sediment wedge used Eq. 3.

w = (wb + ws) / 2                               (3)

The pyramid method proposed by Romero with trapezoidal base 
to estimate the sediments volume according Eq. 4. This method 
considers the volume of sediment like a pyramid in a horizontal 
position for each check dams [18].

V = b * H/3                                      (4)

Where V is the volume of the retained sediment, H the length of 
sediment wedge, and b is the area of the pyramid base of check 
dam.

3.2 Bulk density
To determine the bulk density of sediment wedge used cylinders 
method. Sediment samples (75 samples) have been taken along the 

sediment wedge lengths, at 1m from the check dam spillways with 
3 points and 6 m between samples [17,19,20]. 

3.3 Trap efficiency
The efficiency of check dams because it is mainly related to the 
depository capacity of the check dam and the sediment drainage 
region, was estimated through their Trap efficiency [6,20,21]. To 
calculated the TE used  equation (Eq.5) as follow :       

TE = 100 * (1- 1/(1 + 0.0021D * C/W))                                     (5)

Where D is theoretical factor that can changes from 0.046 and 1 
depending to the reservoir characteristics,) proposed D value near 
to 1 when reservoir sub-basin low [22]. C is the reservoir capacity 
(m3) and W is the drainage area (km2).

3.4 Sediment yield, Total sediment yield and Sediment emission
Sediment yield (SY; t ha-1 year-1) and total sediment yield and 
erosion rate (TSY; t ha-1 year-1) were measured for each check dam 
by using Eq 6 and 7, similar in other studies [17,20,21].

SY = (p*V)/(A*Y)                                                                        (6)

TSY = (SY/TE)				                                 (7)

Where ρ is the bulk density (t m3) of the sediment received by 
each check dam, V is the volume of the sediment deposited in 
each check dam reservoir (m3), A is the drainage area to each 
check dam (ha), Y is the time since the check dam was made until 
the sediment volume was estimated (years) and TE is the trap 
efficiency of every check dam (in percentage). We measured the 
sediment emission (SE S; t ha-1 year -1) for each check dam and 
method according to Eq.7.

TSY = SY  + SE					                    (8)

Where TSY is total sediment yield (t ha-1 year-1), SY is sediment 
yield (t ha-1 year-1) and SE is the sediment emission (t ha-1 year-1). 
The mentioned equation helps us to calculate the quantitative from 
the total sediment that wasn’t deposited behind the check dams 
and was integrated enter into the drainage catchment.

3.5 Statistical analysis
In the first step, we performed the NOVA test to compare the V, 
WS, TE, SY, TSY, and SE between study methods. Then to gain 
a better insight into the capability of estimating between study 
methods, we classify the check dam with similar characteristics 
such as sediment volume, sediment weight, Sediment yield, total 
sediment yield, sediment emission, bulk density, height, and 
length of check dams. Hence a cluster analysis was performed 
using squared Euclidean distance and Ward's grouping method 
[14]. Then to reveal the difference between groups used a ONE-
WAY ANOVA. To compare the difference between groups and 
methods a repeated-measures ANOVA test by employing a PROC 
MIXED model was performed. Moreover, we used a simple linear 
regression analysis between the study methods to determine the 
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best correlation between the U-shaped and other methods. All the 
analyses were conducted using the R programing software, version 
4.3.2. In this study we used packages dplyr, Cluster, emmeans, 

and lsmeans for data analysis and clustering and package ggplot2 
for Graph plotting and exploring the correlation between study 
methods [23-25]. 

Where TSY is total sediment yield (t ha-1 year -1), SY is sediment yield (t ha-1 year -1) and SE is the sediment 

emission (t ha-1 year -1). The mentioned equation helps us to calculate the quantitative from the total sediment that 

wasn’t deposited behind the check dams and was integrated enter into the drainage catchment. 

Statistical analysis 
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Figure 3: Schematic of Methods to Calculating Sediment Volume Behind the Check Dams, a U-Shaped Geometric, b Prism Shape, c 
Pyramid Shaped.

4. Result 
The result of field measurement indicates that the size of these 
structures at the watershed level is different; the average width 
and height of check dams are 21.4 and 4 m, respectively (Table 
2). The total and average length of the sediment wedge is equal 
to 821 and 32.84 m; the sediment wedges had an average slope 
of 3.7% and the sediment texture was mainly sandy. The results 
of calculation of sediment volume, sediment weight, and trap 
efficiency using tree methods are presented in Table 3. Using 
the U-shaped method, the total volume of retained sediment 
was estimated equal to 10299.2 m3 for all the check dams. Also, 
the average sediment volume was calculated at about 411.7 m3 
with a minimum retained volume by check dam of 6.6 m3 and a 
maximum of 1176 m3. In contrast, the total sediment trapped based 
on Prism and Pyramid methods were estimated equal to 8211.2 and 
6903 m3 respectively [8,18]. The average sediment volume was 
calculated in the order 317.3 and 272.1 m3 according to mentioned 
methods. Moreover, the lowest amount of sediment volume is 

estimated in the order of 5.5 m3 (VC) and 5.5 m3 (VB) and the 
highest in order of 1004.4 (VB) > 823.2 (VC) m3. Differences in 
mean values with respect to the reference U-shaped method are 23 
% and 34% for the B and C methods respectively. Despite notable 
difference between study methods, but there were no significant 
differences between the sediment volumes (Table 4). Comparing 
the total results manifests that differences between methods 
are not high. Hence to gain better insight into the capability of 
estimating between study methods, we determined the absolute 
values by calculating the differences in volume for each check 
dam. According to the result, the difference in volume in absolute 
value is equal to 3389.2 m3 and 2110 m3 which are estimated by 
the C and B method respectively. However, the analysis of the 
absolute values indicates that the volume differences according to 
methods C and B are 23% and 34% lower than the A method. The 
bulk density of the retained sediment in the check dam range is 
from 1.5 to 1.7 g cm-3 with a mean value of 1.61 g cm-3, which 
was relatively homogeneous among all the check dams (standard 
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deviation = 0.049, coefficient of variation, Cv = 3.1 %). Thus, with 
this assumption, the mean weight of sediment trapped by check 
dams was in the order 669.6 (ton) > 534.2 (ton) > 447 (ton) based 
on the A, B, and C methods respectively. while the differences 
between methods are clear but showed no significant difference 
(Table 4). As inference from Table 3, the trap efficiency variation 
(TE) among the methods is remarkable. The mean TE for all of the 
check dams was approximately 63.32 % which refer to relatively 
good value of trap efficiency. The mean TE among the methods in 
the order is 68.27% > 63.24 % > 58.45 %, which estimated by the 
A, B, and C methods respectively. Additionally, we determined 
the sediment yield (SY), total sediment yield (TSY), and sediment 

emission based on each method to reveal their efficiency in the 
study area. As shown in Table 5 using the U shape method the 
mean value of SY and TSY was estimated equal to 11.1 (t ha-1 
year-1) and 14.91 (t ha-1 year -1) for all the check dams, while based 
on the Prism and Pyramid methods estimated to 8.7, 7.3 and 12.5, 
12 (t ha-1 year -1). Hence, the differences in mean values based 
on B and C methods are approximately 22%, 34%, and 17 %, 20 
% less than the reference method (A). According to the results 
analyzing these parameters did not present significant differences 
between the evaluated methods (Table. 6) The maximum sediment 
emission was obtained by method C with a mean value of 4.7 t ha-

1year -1, which was 19 % higher than A (3.8) and B (3.8) methods.  
Table 2 Some characteristics of the selected check dams in the study area 

Check 
dam no. UTM  X UTM Y 

Length 
(m) 

Height 
(m) 

Sediment 
Depth 

(m) 

Sedimen
t Length 

(m) 

Sedimen
t wide 

Draina
ge area 

(ha) 

Initial 
Slope 
(%) 

Modified 
Slope 
(%) 

1 296776 3171932 24 4.0 2.0 34 18 30.60 5.8 0.200 
2 296829 3171901 13 4.3 2.3 34 13 31.70 5.3 0.500 
3 296883 3171838 14 5.0 0.5 11 3 15.80 5 0.001 
4 296907 3171684 24 4.2 3.1 13 18 33.40 4.2 0.002 
5 297762 3172408 12 4.0 2.0 37 12 30.50 4.2 0.002 
6 297788 3172377 13 4.0 2.0 25 10 29.70 4.0 0.002 
7 297734 3172347 20 4.0 2.0 45 16 36.00 4.3 0.002 
8 297732 3172285 17 3.8 1.5 30 5 23.00 4.7 0.300 
9 297732 3172224 26 4.2 2.3 26 12 17.60 4.3 0.200 

10 297673 3172009 17 4.0 2.5 25 13 29.00 4.0 0.200 
11 297619 3172010 10 5.0 2.2 21 8 20.00 5.2 0.200 
12 297590 3171918 27 6.7 0.5 20 15 16.00 4.3 0.500 
13 297617 3171887 30 4.0 2.0 17 14 18.00 3.0 0.020 
14 297645 3171917 12 4.0 2.0 56 10 39.80 3.5 0.003 
15 297562 3171857 21 4.0 1.8 25 15 27.00 4.4 0.400 
16 297454 3171859 22 4.0 2.3 25 20 41.00 3.7 0.020 
17 297367 3171583 33 4.0 0.6 12 9 12.50 3.0 0.020 
18 297312 3171523 35 4.0 2.5 19 17 34.00 3.3 0.020 
19 297281 3171308 32 4.0 2.25 28 25 34.50 3.6 0.030 
20 297361 3171214 27 4.0 2.2 23 22 38.60 3.0 0.030 
21 297275 3170939 30 4.0 1.5 35 30 36.00 3.2 0.100 
22 297243 3170662 17 4.0 1.0 12 7 13.80 4.1 0.100 
23 297098 3170172 22 4.0 2.0 57 18 38.30 1.5 0.010 
24 297016 3170112 26 3.0 1.8 98 15 32.50 1.0 0.010 
25 296963 3170205 15 2.0 1.0 93 8 20.30 0.5 0.011 

Average - - 21.4 4.0 1.83 32.84 13.33 27.984 3.7 0.115 
 

Table 3 Calculation of Sediment Volume (V), Trap efficiency (TE), Bulk density, and sediment weight (SW) based on 
A, B and C methods 

Check 
dam no. VA (m3) VB (m3) 

VC 
(m3) 

ΔV (m3) Bulk 
density 
(g cm-

3) 

SWA(t) SWB (t) SWC (t) TEA (%) TEB (%) 
TEC 

(%) 
B-A C-A 

1 510 442 374 -68 -136 1.61 821.1 711.62 602.14 821.1 75.00 72.33 
2 442 312.8 299.8 -129.2 -142.2 1.56 689.52 487.96 467.7 689.52 66.66 64.42 
3 6.6 5.5 5.5 -1.1 -1.1 1.62 10.69 8.91 8.91 10.69 6.55 6.54 
4 409.5 262 221.7 -147.5 -187.8 1.54 630.63 403.48 341.3 630.63 62.12 58.14 
5 333 275 271.3 -58 -61.7 1.60 532.8 440 434.1 532.8 54.95 54.53 
6 175 170 150 -5 -25 1.60 280 280 240 280 57.25 51.54 
7 585 475 435 -110 -150 1.57 918.45 745.75 682.6 918.45 61.53 71.67 
8 180 175 167.5 -5 -12.5 1.53 275.4 275.4 256.3 275.4 62.12 37.86 
9 304.2 239.2 219.3 -65 -84.9 1.61 489.76 385.11 350.1 489.76 74.02 72.32 

10 375 250 239.6 -125 -135.4 1.57 588.75 392.5 344.3 588.75 64.41 63.30 
11 126 118.6 107.8 -7/4 -18.2 1.59 200.34 188.57 171.4 200.34 59.18 53.04 
12 72 50 45 -22 -27 1.56 112.32 78 72.2 112.32 39.39 37.10 
13 187 170 147.3 -17 -39.7 1.62 302.94 275.4 238.3 302.94 66.44 63.21 
14 392 392 336 -19 -56 1.60 627.2 627.2 537.6 627.2 67.84 63.84 
15 300 225 210 -75 -90 1.58 474 355.5 331.8 474 63.50 61.94 
16 552.5 431.3 364.6 -121/2 -187.9 1.60 884.14 690.1 583.4 884.14 68.75 76.36 
17 33.6 25.2 16.8 -8/4 -16.8 1.50 50.4 37.8 25.2 50.4 57.66 21.83 
18 372.4 308.3 253.3 -64/1 -119.1 1.62 603.3 499.45 410.4 603.3 65.51 60.93 
19 770 630 462 -140 -308 1.64 1262.8 1033.2 757.7 1262.8 79.55 73.62 

Table 2: Some Characteristics of the Selected Check Dams in the Study Area
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8 297732 3172285 17 3.8 1.5 30 5 23.00 4.7 0.300 
9 297732 3172224 26 4.2 2.3 26 12 17.60 4.3 0.200 

10 297673 3172009 17 4.0 2.5 25 13 29.00 4.0 0.200 
11 297619 3172010 10 5.0 2.2 21 8 20.00 5.2 0.200 
12 297590 3171918 27 6.7 0.5 20 15 16.00 4.3 0.500 
13 297617 3171887 30 4.0 2.0 17 14 18.00 3.0 0.020 
14 297645 3171917 12 4.0 2.0 56 10 39.80 3.5 0.003 
15 297562 3171857 21 4.0 1.8 25 15 27.00 4.4 0.400 
16 297454 3171859 22 4.0 2.3 25 20 41.00 3.7 0.020 
17 297367 3171583 33 4.0 0.6 12 9 12.50 3.0 0.020 
18 297312 3171523 35 4.0 2.5 19 17 34.00 3.3 0.020 
19 297281 3171308 32 4.0 2.25 28 25 34.50 3.6 0.030 
20 297361 3171214 27 4.0 2.2 23 22 38.60 3.0 0.030 
21 297275 3170939 30 4.0 1.5 35 30 36.00 3.2 0.100 
22 297243 3170662 17 4.0 1.0 12 7 13.80 4.1 0.100 
23 297098 3170172 22 4.0 2.0 57 18 38.30 1.5 0.010 
24 297016 3170112 26 3.0 1.8 98 15 32.50 1.0 0.010 
25 296963 3170205 15 2.0 1.0 93 8 20.30 0.5 0.011 

Average - - 21.4 4.0 1.83 32.84 13.33 27.984 3.7 0.115 
 

Table 3 Calculation of Sediment Volume (V), Trap efficiency (TE), Bulk density, and sediment weight (SW) based on 
A, B and C methods 

Check 
dam no. VA (m3) VB (m3) 

VC 
(m3) 

ΔV (m3) Bulk 
density 
(g cm-

3) 

SWA(t) SWB (t) SWC (t) TEA (%) TEB (%) 
TEC 

(%) 
B-A C-A 

1 510 442 374 -68 -136 1.61 821.1 711.62 602.14 821.1 75.00 72.33 
2 442 312.8 299.8 -129.2 -142.2 1.56 689.52 487.96 467.7 689.52 66.66 64.42 
3 6.6 5.5 5.5 -1.1 -1.1 1.62 10.69 8.91 8.91 10.69 6.55 6.54 
4 409.5 262 221.7 -147.5 -187.8 1.54 630.63 403.48 341.3 630.63 62.12 58.14 
5 333 275 271.3 -58 -61.7 1.60 532.8 440 434.1 532.8 54.95 54.53 
6 175 170 150 -5 -25 1.60 280 280 240 280 57.25 51.54 
7 585 475 435 -110 -150 1.57 918.45 745.75 682.6 918.45 61.53 71.67 
8 180 175 167.5 -5 -12.5 1.53 275.4 275.4 256.3 275.4 62.12 37.86 
9 304.2 239.2 219.3 -65 -84.9 1.61 489.76 385.11 350.1 489.76 74.02 72.32 

10 375 250 239.6 -125 -135.4 1.57 588.75 392.5 344.3 588.75 64.41 63.30 
11 126 118.6 107.8 -7/4 -18.2 1.59 200.34 188.57 171.4 200.34 59.18 53.04 
12 72 50 45 -22 -27 1.56 112.32 78 72.2 112.32 39.39 37.10 
13 187 170 147.3 -17 -39.7 1.62 302.94 275.4 238.3 302.94 66.44 63.21 
14 392 392 336 -19 -56 1.60 627.2 627.2 537.6 627.2 67.84 63.84 
15 300 225 210 -75 -90 1.58 474 355.5 331.8 474 63.50 61.94 
16 552.5 431.3 364.6 -121/2 -187.9 1.60 884.14 690.1 583.4 884.14 68.75 76.36 
17 33.6 25.2 16.8 -8/4 -16.8 1.50 50.4 37.8 25.2 50.4 57.66 21.83 
18 372.4 308.3 253.3 -64/1 -119.1 1.62 603.3 499.45 410.4 603.3 65.51 60.93 
19 770 630 462 -140 -308 1.64 1262.8 1033.2 757.7 1262.8 79.55 73.62 
20 552 430.1 337.3 -121/9 -214.7 1.62 894.24 696.76 546.4 894.24 69.96 64.62 
21 945 656.3 490 -288/7 -455 1.68 1587.6 1102.6 823.2 1587.6 79.25 74.07 
22 50.4 30 25 -20/4 -25.4 1.51 76.1 45.3 37.75 76.1 34.34 27.57 
23 855 798 684 -57 -171 1.67 1427.8 1332.7 1142 1427.8 81.37 78.93 
24 1176 1004.4 823.2 -171/6 -352.8 1.70 1999.2 1707.5 1399.4 1999.2 86.63 84.16 
25 588 325.5 217 -262/5 -371 1.65 999.6 553.35 368.9 999.6 77.06 66.43 

Average 411.7 317.3 272.1 -94.4 -139.6 1.61 669.6 534.2 447 669.6 63.24 58.45 
Total 10292/

2 8182/2 6903 2110(Abs) 3389.2(Abs) 
- - - - - - - 

  Note : A = U-shaped method, B = Prism method, and C = Pyramid method. 

 
 

 

 
Table 4 The result of ANOVA analysis for trap sediment volume and sediment weight of check dam 

Source Sum of squares D. F Mean square F value p value variable 
Between groups 1478.316 2 739.158 2.435 0.095 Sediment volume 
witting groups 21853.047 72 303.515   

Total 23331.362 74    
Between groups 629066.2 2 314533.113 1.671 0.179 Sediment weight 
witting groups 12860884 72 178623.384   

Total 13489950 74    
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Table 5 Sediment yield (SY), total sediment yield (TSY), and sediment emission (SE) of each check dam obtained 
using each method (A, B, and C) 

Check 
dam no. 

SYA                
(t ha-1  

year -1) 

SYB        
(tha-1  

year -1) 

SYC           
(t ha-1  

year -1) 

TSYA           
(t ha-

1year -1) 

TSYB           
(t ha-

1year -1) 

TSYC          
(t ha-

1year -1) 

SE A                
(t ha-

1year-1) 

SEB                 
(t ha-1 

year-1) 

SEC                 
(t ha-

1year-1) 
1 13.2 11.6 9.8 17 15.5 16 3.8 4.1 6.2 
2 10.9 7.6 7.4 14.6 11.4 11.8 3.7 3.5 4.4 
3 0.4 0.3 0.3 5 4.6 4.6 4.6 4.3 4.3 
4 9.4 6 5 13 9.7 8 3.6 3.7 3 
5 8.7 7.2 7.1 15.2 13.1 13.8 6.5 5.9 6.7 
6 5.5 5.5 4.7 9.6 9.6 9.1 4.1 4.1 4.4 
7 12.7 10.3 9.5 16.4 16.7 13.3 3.7 6.4 3.8 
8 6 6 5.6 9.7 9.7 14.8 3.7 3.7 9.2 
9 13.9 10.9 9.9 17.7 14.7 13.7 3.8 3.8 3.8 

10 10.2 6.8 5.9 13.8 10.6 9.3 3.6 3.8 3.4 
11 5 4.7 4.3 8.8 7.9 8.1 3.8 3.2 3.8 
12 3.5 2.4 2.3 5.9 6 6.2 2.4 4.4 3.9 
13 9.5 7.6 6.6 13.8 9.9 11.9 4.3 2.3 5.3 
14 7.8 7.8 6.7 11.5 11.5 10.5 3.7 3.7 3.8 
15 8.8 6.6 6.1 12.6 9.6 9.8 3.8 3 3.7 
16 10.8 8.4 7.1 14.6 12.1 10.1 3.8 3.7 3 
17 2 1.5 1 2.7 2.6 4.6 0.7 1.1 3.6 
18 8.9 7.8 6.4 12.8 11.9 10.5 3.9 4.1 4.1 
19 18.3 14.9 11 22.2 18.7 14.9 3.9 3.8 3.9 
20 11.7 9 7 15.6 12.9 10.8 3.9 3.9 3.8 
21 22 15.3 11.4 26 19.3 15.4 4 4 4.4 
22 2.8 1.6 1.4 6.5 4.7 5.1 3.7 3.1 3.7 
23 18.6 17.4 14.9 22.5 21.4 18.9 3.9 4 4 
24 30.7 26.3 21.5 34.7 30.3 32.4 4 4 11 
25 26.6 13.6 9.1 30.6 17.6 13.7 4 4 4.6 

Average 11.1 8.7 7.3 14.91 12.5 11.9 3.8 3.8 4.7 
 

Table 6 The result of ANOVA analysis for sediment yields, total sediment yield, and Sediment emission deposited 
behind check dam 

Source Sum of squares D. F Mean square F value p value variable 
Between groups 188.339 2 94.170 2.626 0.079 sediment yields 
witting groups 2581.907 72 35.860   

Total 2770.247 74    
Between groups 128.173 2 64.087 1.515 0.227 total sediment yield 
witting groups 3045.205 72 42.295   

Total 3173.373 74    
Between groups 11.271 2 5.636 3.189 0.047 Sediment emission  
witting groups 127.230 72 1.767   

Total 138.501 74    
 
Furthermore, data analysis highlighted that the variability of V, SW, SY, TSY, and ES (coefficient of variation Cv > 
60 %) within each method between check dams is remarkable (Fig. 4). this variability, due to the different check 
dam sizes, by error balance between check dams can trigger to overriding the individual differences of study indexes 
at the watershed level. So, to better identify the changes of indices for each method between check dams, it is 
necessary to classify the check dam with similar characteristics. Hence, we used a multivariate cluster analysis to 
determine groups of check dams. As shown in Fig. 5 data is grouped into five meaningful, which details are 
presented in Table 7. According to results the groups summarized as follows as:   
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Each Method (A, B, and C)

Table 6: The Result of ANOVA Analysis for Sediment Yields, Total Sediment Yield, and Sediment Emission Deposited behind 
check dam

Furthermore, data analysis highlighted that the variability of V, 
SW, SY, TSY, and ES (coefficient of variation Cv > 60 %) within 
each method between check dams is remarkable (Figure. 4). this 
variability, due to the different check dam sizes, by error balance 
between check dams can trigger to overriding the individual 
differences of study indexes at the watershed level. So, to better 
identify the changes of indices for each method between check 
dams, it is necessary to classify the check dam with similar 
characteristics. Hence, we used a multivariate cluster analysis to 
determine groups of check dams. As shown in Figure. 5 data is 

grouped into five meaningful, which details are presented in Table 
7. According to results the groups summarized as follows as:  
1. Group 1 includes check dams 1, 7, 9, 13, 16, 9, 18, and 20, With 
height ranges between 4 and 4.20 m, length ranges between 20 
and 31m, whose trapped sediment volume ranges and sediment 
yield ranges from 168.1 to 498.3 m3 and 7.70 to 11.53 t ha-1 year 
-1 respectively.
2. Group 2 includes check dams 2, 3, 5, 6, 11 and 14, with height 
ranges between 4 and 5m, length ranges between 10 and 14 m, 
whose sediment volume ranges from 168.1 to 498.3 m3 and 
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Sediment yield ranges is between 0.33 and 8.63 t ha-1 year -1. 
3. Group 3 includes check dams 4, 8, 9, 10, 15, 17, and 22, whose 
height ranges between 3.8 and 4 m, length ranges between 17 
and 33m, and sediment volume ranges is 25.2 and 297.7 m3 and 
Sediment yield ranges is 1.5 and 7.63 t ha-1 year -1. 
4. Group 4 includes check dam 12 with the highest height (6.7 m 

>) and lowest sediment volume and Sediment yield (> 55.66 m3 

and > 87.7) t ha-1 year -1). 
5. Group 5 includes check dams 19, 21, 23, 24, and 25, whose 
trapped sediment volume and Sediment yield are the highest 
(1001.03 > V, 26.16 > SY). Their height is lower than 4 m and 
their length ranges from 15 to 35 m.

1. Group 1 includes check dams 1, 7, 9, 13, 16, 9, 18, and 20, With height ranges between 4 and 4.20 m, length 
ranges between 20 and 31m, whose trapped sediment volume ranges and sediment yield ranges from 168.1 to 498.3 
m3 and 7.70 to 11.53 t ha-1 year -1 respectively. 
2. Group 2 includes check dams 2, 3, 5, 6, 11 and 14, with height ranges between 4 and 5m, length ranges between 
10 and 14 m, whose sediment volume ranges from 168.1 to 498.3 m3 and Sediment yield ranges is between 0.33 and 
8.63 t ha-1 year -1.  
3. Group 3 includes check dams 4, 8, 9, 10, 15, 17, and 22, whose height ranges between 3.8 and 4 m, length ranges 
between 17 and 33m, and sediment volume ranges is 25.2 and 297.7 m3 and Sediment yield ranges is 1.5 and 7.63 t 
ha-1 year -1.  
4. Group 4 includes check dam 12 with the highest height (6.7 m >) and lowest sediment volume and Sediment yield 
(> 55.66 m3 and > 87.7) t ha-1 year -1).  
5. Group 5 includes check dams 19, 21, 23, 24, and 25, whose trapped sediment volume and Sediment yield are the 
highest (1001.03 > V, 26.16 > SY). Their height is lower than 4 m and their length ranges from 15 to 35 m. 
 

 
Fig. 4 Dispersion plot of sediment volume (a), sediment weight (b), Sediment yield (c), and total sediment yield (d) 
for each check dam and method (n=25) with the variation coefficient (Cv) calculated for each method. 
 
Table 7 Groups of cluster analysis and main characteristics of check dams, Different letters indicate significant 
differences between groups (H : check dam height, L : check dam Length, V : sediment volume, SW: sediment 
weight,  SY: Sediment yield, TSY: Sediment yield, BD: Bulk density) 

Grou
p 

Check 
dams H (m) L (m) V (m3) SW (ton) 

SY                   
(t ha-1  year-

1) 

TSY            
(t ha-1  year-

1) 

BD          
(g cm-3) 

1 1, 7, 9, 13, 
16, 18, 20 

4.02 b 
(4 ,4.2) 

25.7 b 
(20 ,35) 

366.17 b 
(168.1,498) 

587.23 b 
(272.3,782.3) 

9.63 b 
(7.70, 
11.53) 

13.7 b 
(11.73,16.1
6) 

1.6 a 
(1.57,1.6
2) 

2 2, 3, 5, 6, 
11, 14 

4.38 b           
(4,5) 

12.33 c           
(10,14) 

216.6 c 
 (5.8 ,367) 

346.2 c 
(9.5 ,597.3) 

5.74 c         
(0.33,8.63) 

10.03 c       
(4.73,14) 

1.59 a 
(1.56,1.6
2) 

3 4, 8, 10, 4 b           21.5 b                          177.5 d 274.6 d 5.1 c 8.7  d               1.53 a       
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Figure 4: Dispersion Plot of Sediment Volume (a), Sediment Weight (b), Sediment Yield (c), and Total Sediment Yield (d) for Each 
Check Dam and Method (n=25) with the Variation Coefficient (Cv) Calculated for Each Method.
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Fig. 5 The results of cluster analysis for check dams as a function of mean sediment volume, sediment weight, 
Sediment yield, total sediment yield, sediment emission, bulk density, height, and length of measured check dams 
 
To compare the differences between the check dam group and methods a repeated-measures ANOVA was 
performed. According to results, the mixed model showed that the study indexes between methods and check dam 
group are significantly different at 0.05 level, while the iteration between these indexes is not statistically 
significant. To better interpret the results, we analyze the LS-means between methods and check dam groups. As 
shown in Fig. 6 the A method (U-shape) presented statistically significant differences in sediment volume, sediment 
weight, sediment yield and, total sediment yield compared to other methods (with p-value = 0.023, p-value = 0.013, 
p-value = 0.032, and p-value = 0.034 respectively). The difference between the Prism method (B) and Pyramid (C) 
are not significant and present similar results to each other. Analyzing the check dam groups indicates that groups 1 
and 5 are significantly different (p-value <0.05) from other groups in volume of sediment trapped, sediment weight, 
sediment yield, and total sediment yield (Fig. 7). However, groups of 2 and 3 with different sizes did not present 
significantly differences in study indexes. Moreover, analyzing these groups we found that groups 2 and 3 did not 
present significant differences in sediment volume based on of B and C methods (p-value > 0.05). Furthermore, 
other groups depicted similar behavior that was revealed by studied methods. Analogously, we observed a similar 
trend in sediment weight, sediment yield, and total sediment yield by methods and groups mentioned above (Fig. 8). 
To sum up the comparison of methods we used correlation analysis to evaluate the different methods versus the 
reference U shape method (A) to determine the best estimation. As shown in Fig. 9, it is possible to detect that the 
Pyramid method (C) presents a lower correlation (r = 0.942) in sediment volume compared to the Prism method (r 
=0.96) versus the U-shape method. Similarly, the estimation of sediment weight, sediment yield, and total sediment 
yield based on method C shows lower correlation (0.95, 0.92, and 0.84 respectively) than method Prism (0.97, 0.94, 
and 0.94) versus the A method too. The reason can attributed to the use of best topographic information as kye in U-
shape and Prism methods, which result in high correlation in estimated factors. 

Table 7: Groups of Cluster Analysis and Main Characteristics of Check Dams, Different Letters Indicate Significant Differences 
Between Groups (H : Check Dam Height, L : Check Dam Length, V : Sediment Volume, SW: Sediment Weight,  SY: Sediment 
Yield, TSY: Sediment Yield, BD: Bulk Density)



J Water Res, 2025 Volume 3 | Issue 3 | 10

15, 17, 22 (3.8,4.2
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(15,32) 
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(376.83,1001.0
3) 

1166.51 a 
(640.61,1702.0
3) 

18.1 a     
(14.73,26.1
6) 
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(18.6,32.46
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1.67 a   
(1.64,1.7
0) 
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To compare the differences between the check dam group and 
methods a repeated-measures ANOVA was performed. According 
to results, the mixed model showed that the study indexes between 
methods and check dam group are significantly different at 0.05 
level, while the iteration between these indexes is not statistically 
significant. To better interpret the results, we analyze the LS-
means between methods and check dam groups. As shown in 
Figure. 6 the A method (U-shape) presented statistically significant 
differences in sediment volume, sediment weight, sediment yield 
and, total sediment yield compared to other methods (with p-value 
= 0.023, p-value = 0.013, p-value = 0.032, and p-value = 0.034 
respectively). The difference between the Prism method (B) and 
Pyramid (C) are not significant and present similar results to each 
other. Analyzing the check dam groups indicates that groups 1 and 
5 are significantly different (p-value <0.05) from other groups in 
volume of sediment trapped, sediment weight, sediment yield, and 
total sediment yield (Figure. 7). However, groups of 2 and 3 with 
different sizes did not present significantly differences in study 
indexes. Moreover, analyzing these groups we found that groups 

2 and 3 did not present significant differences in sediment volume 
based on of B and C methods (p-value > 0.05). Furthermore, other 
groups depicted similar behavior that was revealed by studied 
methods. Analogously, we observed a similar trend in sediment 
weight, sediment yield, and total sediment yield by methods and 
groups mentioned above (Figure. 8). To sum up the comparison 
of methods we used correlation analysis to evaluate the different 
methods versus the reference U shape method (A) to determine the 
best estimation. As shown in Figure. 9, it is possible to detect that 
the Pyramid method (C) presents a lower correlation (r = 0.942) in 
sediment volume compared to the Prism method (r =0.96) versus 
the U-shape method. Similarly, the estimation of sediment weight, 
sediment yield, and total sediment yield based on method C shows 
lower correlation (0.95, 0.92, and 0.84 respectively) than method 
Prism (0.97, 0.94, and 0.94) versus the A method too. The reason 
can attributed to the use of best topographic information as kye in 
U-shape and Prism methods, which result in high correlation in 
estimated factors.

 
Fig. 6 Comparison of LS-mean of sediment volume (a), sediment weight (b), sediment yield (c), and total sediment 
yield (d) according to each method. The different letters above each method indicate significant differences in LS 
mean at the 95% confidence level among methods. 
 

 
 Fig. 7 Comparison of LS-mean of sediment volume (a), sediment weight (b), sediment yield (c), and total sediment 

yield (d) according to each group. The different letters above each method indicate significant differences in LS 

mean at the 95% confidence level among groups check dam groups.   
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Figure 6: Comparison of LS-Mean Of Sediment Volume (a), Sediment Weight (b), Sediment Yield (c), and Total Sediment Yield 
(d) According to Each Method. The Different Letters Above Each Method Indicate Significant Differences in LS Mean At the 95% 
Confidence Level Among Methods.

Figure 7: Comparison of LS-Mean of Sediment Volume (a), Sediment Weight (b), Sediment Yield (c), and Total Sediment Yield (d) 
According to Each Group. The Different Letters Above Each Method Indicate Significant Differences in LS Mean at the 95% Confidence 
Level Among Groups Check Dam Groups. 

 
Fig. 8 Comparison of LS-mean of sediment volume (a), sediment weight (b), sediment yield (c) and total sediment 

yield (d) for interaction method-check dam groups. The different letters above the methods indicate significant 

differences in LS mean at the 95% confidence level among methods.   

 

 

Figure 8: Comparison of LS-Mean of Sediment Volume (a), Sediment Weight (b), Sediment Yield (c) and Total Sediment Yield (d) for 
Interaction Method-Check Dam Groups. The Different Letters Above the Methods Indicate Significant Differences in LS Mean at the 
95% Confidence Level Among Methods. 
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Figure 9: Regression Analyses Between the U-Shape Method (A), Prism Method (B) and Pyramid Method (C)

5. Discussion 
Arid lands in southeastern Iran are characterised by relative 
extremes in the hydrological cycle, including high evaporation 
and temperature, low precipitation with high-intensity storms, 
short flow duration with high volume of runoffs as well as channel 
transmission losses. Meanwhile, check dam construction as a key 
watershed management operation by modifying the hydrological 
responses in the watershed triggers to mitigate flood and sediment 
delivery at the watershed level [2,4,23]. The aim of constructing 
check dams in the Taftan watershed was to control and store 
surface runoff and consequently mitigate the sediment yield at the 
watershed level. Field measurements reveal that the average slope 
of the gully bed was modified by 0.115, while the initial gully bed 
slope was 3.7 percent for check dams which depicted an average 
decreasing of 3.58% (Figure. 10). As precipitation drainage into the 
main river is largely related to the bed slope, it is clear this decrease 
in slope leads to lesser sediment in the channel. Hence to obtain 

satisfactory results from these engineer structures at ungauged 
basins in arid regions, it is necessary to present the adapted method 
to calculate the sediment volume trapped by the check dam system 
to identify the effectiveness of check dams and gain better insight 
into construction of these structures in arid area. In this research, 
we used three topographic methods including U-shaped geometric 
(A), Prism shape (B), and Pyramid shaped (C) to measure V, SW, 
SY, and TSY by each check dam. The total volume of trapped 
sediment was estimated based on methods A, B, and C are equal 
to 10299.2, 8211.2, and 6903 m3 respectively. According to the 
results, the difference of absolute value in sediment volume respect 
to the reference U-shaped method is equal to 3389.2 m3 and 2110 
m3 which shows 23 % (B) and 34 % (C) differences in the sediment 
volume compare to A method. Also, differences between methods 
are clear but do not show significant difference. Analogously, we 
observed similar trend in other parameters. In this respect, Ramos-
Diez stated that differences between estimate methods to assess 
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studied indices are very small when considering the data as a 
whole [14]. Ramos pointed out that sometimes the methods due to 
overestimate or underestimate the shape of the sediment wedge for 
every check dam trigger to error measure compensation [27]. By 
classifying the check dam into five meaningful groups, the result 
indicated that the changes of indices for each method between 
check dams are remarkable. So, the U-shape method presented 
statistically significant differences in sediment volume, sediment 
weight, sediment yield, and total sediment yield compared to other 
methods (p-value > 0.05). Despite notable difference between 
the Prism shape (B) and Pyramid shape (C), but there were no 
significant differences between the study indexes. As results 
illustrate that there are differences between methods to determine 
indices when the check dams are between 15 and 35 m in length 
and have a height of between 2 and 4 m, however when check dams 
are between 4 and 5 m in height are present similar accuracy. As 
results depicted, there were no differences between the Prism and 
Pyramid methods for determining study indices [8]. In parallel, 
(2011) reported that using Prism and Pyramid method due to shape 
of simple prismatic approximation, presents similar estimates of 
erosion rates and sediment volume [17]. The mean Trap efficiency 
(TE) for all of the check dams which constructed by loose rock-
cement was approximately 63.32 %. (2012) estimated check dam 
TE by using the Brown and Jarvis model in the Quipar catchment 

(Murcia) approximately 83.9%, which is perceptibly higher than 
our result in the Taftan watershed [6]. This fact could be attributed 
to various factors such as catchment geomorphology and soil depth 
[3]. As inference from results, the reliability of estimates between 
study methods are different and it is necessary to determine which 
method is more reliable. Previous studies have illustrated that 
the methods must correctly represent some parameters such as 
sedimentary wedges, fitting their shapes as well as possible, and 
tacking into account the basic rules of geometric calculus [14,28]. 
The U-shape method can consider variations in the streambed 
along the length of the sediment wedge for each check dam when 
valleys present a uniform U-shape as our study area  [14,29]. Some 
reports stated that the U-shape method uses data from other gullies 
whose shape with the real and natural streambed measured, while 
Pyramid and Prism methods propose the natural streambed as a 
polygonal surface and appropriate when valleys V shape [14]. 
Hence the U-shape method is the most influential in calculating 
the total volume of the trapped sediment when the shape of the 
sediment wedge is not simple and can provide a higher accuracy 
to measure the sediment yield at the watershed level [14,28]. 
Therefore, we conclude that the U-shape method can be considered 
more accurate than other methods in the calculation study indices 
which presents the sediment wedge with the lowest error by means 
of a detailed topographical survey [30,31].
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Figure 10: a) Typical Check Dams After Were Received Sediment, b) Check Dam Reservoirs Which Filled With Sediment

6. Conclusion
Check dams as an important engineering structure are widely 
used to modify the hydrological responses and mitigate sediment 
transport to soil and water conservation and also environmental 
sustainability in arid areas. Estimate methods of sediment volume 
trapped by check dams due to the complexity and quality of 
required field data by each methods present different results. 
Hence, to identify the effectiveness of check dams it is necessary to 
use methods with high accuracy. The results depict that Trapezoids 
and Pyramid methods based on simple geometric figures trigger 
underestimated the V (23% and 34%) and TSY (22% and 34%) 
at the Snib watershed. As becomes evident the U-shaped method 
uses the best detail and represents the most real estimation 
for V, SW, SY, TSY, and ET in the study area. The reason is 

largely attributed to more detailed topographical survey than 
other methods which results in the best geometrical calculation 
and consequently best estimation in study indices. Additionally, 
the U-shape method can consider variations in the streambed or 
gullies with U-shape such as our study area. Therefore, check 
dam reservoirs based on U-shape method can receive 73.8% of 
the suspended solids from channel runoff, while according to 
Trapezoids and Pyramid methods estimated by 60.8 and 58.4 % 
at watershed level respectively. Based on this reality, the U-shape 
method can present real results due to the better accuracy from 
the topographic scrutiny. Overall, choosing estimation methods 
depends on the complexity of the area and quality of field data, 
which should be analyzed at ungauged basins.
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