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Extended abstract

Introduction

Today, soil erosion in particular and soil degradation in general as a result of human activities have been
raised as a social problem, and the role of the human factor in the emergence and acceleration of the soil
degradation process has been clarified in many fields. Obtaining accurate statistics and information about
soil erosion and sediment yield in the watersheds is necessary for the implementation of soil conservation
programs and methods for determining the resistance to soil erosion and reducing sediment yield. Due to
the lack of data about soil erosion and sediment yield in many watersheds of Iran, the use of appropriate
empirical methods is inevitable to erosion estimation, sediment yield and especially sediment delivery ratio.

Martial and methods

For this purpose, in the present study, empirical models for estimation of the sediment delivery ratio based
on easy-to-measure variables and three models of SATEEC, InVEST and WaTEM/SEDEM were used in
the Khamsan representative-paired watershed, western Iran. The WaTEM module of the WaTEM/SEDEM
model is based on the RUSLE model for estimating soil erosion, and in the SEDEM module is based on
the performance of effective physical factors in the sediment transport equation. In many sources, the '3’Cs
method is mentioned as the only available and reliable method for measuring the components of the
sediment budget, including total erosion, total sedimentation, net erosion (sediment yield) and sediment
delivery ratio, especially at the hillslope and sub-watershed scales. To evaluation of the used models, the
results of calculating the sediment delivery ratio using the '3’Cs method obtained from previous researches
were used, which are 25.61% and 58.94% for the entire watershed and the average of 15 sub-watersheds,
respectively, and its accuracy is based on the observed sediment data at the outlet of the watershed has been
confirmed.

Results and discussion

Among the studied sediment delivery ratio models, Renfro and Waldo (1983), Williams and Brendt (1972),
Roehl (1962) considering one hour excess precipitation, Walling (1983), Ferro (1995), Vanoni (1975) and
USDA (1972) provided the closest estimates (£10%) to the 37Cs method for the whole watershed scale and
the Renfro (1975), USDA (1972), USDA-SCS (1979), SATEEC and Roehl (1962) considering one hour
excess precipitation for the sub-watershed scale provided the closest estimates (£10%) to the '*’Cs method
for the sub-watershed scale and were selected as suitable sediment delivery ratio models for Khamsan
representative-paired watershed. Also, these models can be used to estimate the sediment delivery ratio in
watersheds similar to Khamsan representative-paired watershed.

Conclusion

In the sub-watersheds scale, the equations estimations based on easy-to-measure variables except the Roehl
(1962) method - excess rainfall of 1.0 h was significantly lower than the SATEEC model, on the other hand,
the estimations of all the methods except the Roehl (1962) method - excess rainfall of 0.1 h was significantly
higher than WaTEM/SEDEM and InVEST models. This issue emphasizes the importance of considering
excess precipitation conditions to estimation of the sediment delivery ratio in the presented equations by
Roehl. Also, at the scale of the whole watershed, the estimations of the equations based on easy-to-measure
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variables, except for the Mutchler and Bowie (1975) method, were lower than the results of the SATEEC
model. The great difference of the investigated methods performance in the two scales of the sub-watershed
and the whole watershed is due to the undeniable effect of the middle plain of the Khamsan watershed in
the drastic reduction of the sediment transportation from the sub-watersheds to the outlet of the watershed.
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Table 2. Estimation results of SDR in Khamsan representative-paired watershed using empirical methods based on easy-to-measure variables

Rochl (1962)

Excess  Excess  Excess Mutchler Boyce-  Boyce-  USDA- R Williams . Renfro \(Kizlél;)g USDA-
Sub rainfall  rainfall  rainfall and. B A SCS B0 Maner and and Vanoni e ] Ferro and SCS

watershed ™ for 100 for0:5 " for0il 3‘;:; 1975y (1975 o7y 1979 (1959) ](3{ gg‘;; '(319’;‘;‘;; ) () ‘(’Yglgd;) Minacapalli  (1981)

hours hours hours (1995)

S, 73.0 57.0 18.0 48.7 39.0 43.0 344 57.6 46.1 354 2.4 483 66.4 60.5 375 41.0
s, 78.0 60.0 19.0 48.7 9.9 443 35.2 58.3 48.0 33.5 2.7 57.9 69.2 513 373 42.0
S5 65.0 50.0 16.0 487 36.8 40.0 32.6 53.1 41.2 299 2.0 46.8 60.1 49.7 36.1 40.0
S 67.0 49.0 14.0 486 34.1 36.3 303 54.2 36.5 28.8 1.7 45.0 52.6 464 351 40.0
S5 68.0 49.0 13.0 48.4 30.3 314 372 51.3 29.9 28.7 1.7 52.3 43.1 162 331 40.0
Se 71.0 51.0 16.0 485 329 34.8 29.4 53.3 34.5 30.0 2.1 44.2 49.6 374 33.9 40.0
s, 50.0 39.0 10.0 477 25.1 24.8 22.8 47.1 21.6 25.8 1.7 38.4 31.1 30.0 303 30.0
S 60.0 40.0 10.0 479 26.1 26.3 23.8 48.1 234 26.0 1.6 39.3 33.7 296 310 320
S 68.0 49.0 13.0 483 29.9 30.8 26.8 51.0 29.1 28.9 1.9 42.0 42.0 134 330 340
S 65.0 48.0 12.0 4870 29.0 29.7 26.1 50.3 27.7 28.3 1.6 41.4 39.9 290 32.0 35.0
Sh 69.0 50.0 14.0 48.4 31.0 322 27.8 51.9 31.0 27.9 1.2 42.8 44.7 126 333 31.0
S 71.0 51.0 16.0 485 33.0 349 29.4 534 34.6 17.9 0.7 442 49.8 247 347 370
S 79.0 61.0 22.0 488 42.1 47.5 37.0 59.8 52.8 26.8 1.4 50.3 76.1 340 36.9 43.0
S 73.0 59.0 18.0 487 37.6 41.1 333 56.7 433 24.8 1.3 474 62.4 308 371 40.0
Sis 74.0 59.0 19.0 487 384 423 34.0 57.3 45.0 27.5 1.4 479 64.8 36.1 367 420

Total 22.0 18.0 4.1 389 15.3 132 14.3 37.4 9.1 20.8 0.8 29.5 13.2 20.7 25.3 20.0
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Table 3. Estimation results of annual SDR using SATEEC, InVEST and WaTEM/SEDEM

Sub watershed WaTEM/SEDEM InVEST SATEEC
S 21.3 18.6 57.8
S, 21.2 18.3 63.2
S5 19.9 18.1 36.9
Sa 19.3 17.5 63.1
Ss 19.9 17.3 57.3
Se 21.2 18.3 53.2
S, 21.8 19.0 47.1
Sg 21.6 18.5 48.1
So 21.2 19.0 48.1
Sio 19.9 18.3 55.3
Sy 19.0 16.7 60.4
S 18.6 12.3 63.1
Si3 18.6 15.5 63.4
S 20.7 15.4 59.3
Sis 19.9 15.6 58.2

Total 19.4 17.8 383

Sedighi etal., ) jlusls >g55m8yme judul 0565 10 VYVmgy i (b, 5l ooliinl b (0o ,0) Cgay J2978 o dslima guilis —F Jou
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Table 4. Estimation results of SDR (%) using '*’Cs in Khamsan representative-paired watershed (sadeghi et al., 2022)

Sub watershed SDR (%) Sub watershed SDR (%)
Si 29.9 So 60.2
S> 00.0 Sio 74.1
Ss 53.4 Su 62.4
Sa 68.6 Si2 72.4
Ss 91.5 Si3 92.1
Se 29.4 Sia 58.1
S7 81.2 Sis 40.2
Ss 25.6 Total 70.7
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Table 5. Results comparison of SDR using empirical methods and '*’Cs method in sub-watershed scale of Khamsan
representative-paired watershed

P-Value Z-Value Data pair examined
0.687 -0.402 USDA-SCS (1981)
0.981 0024 Ferro fmd sWal.ling (1983)
Minacapalli (1995)
0.001* 39290 Excess rainfall for -Roehl (1962)
1.0 hours
0.001* 3314 Excess rainfall for -Roehl (1962)
0.5 hours
0246 1160 Excess rainfall for -Roehl (1962)
0.1 hours
0.523 -0.639 Renfro (1983)
0.044* -2.012 Renfro (1975)
7Cs method 0.084 1728 Vonani (1975)
0.009* -2.627 Brendet and Williams (1977)
0.554 -0.592 Brendet and Williams (1972)
0.981 -0.024 Maner (1958)
0.015* -2.438 USDA (1979)
0.635 -0.450 USDA-SCS (1971)
0.981 -0.024 Boyce-A (1975)
0.795 0.26 Boyce-B (1975)
0.000* -3.621 Mutchler and Bowie (1975)
0.015* -2.431 SATEEC
0.001* -3.206 InVEST
0.352 -0.931 WaTEM/SEDEM
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