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ABSTRACT

Soil is an integral part of the environment. It is essential for the production of food and other crops, for
maintaining biodiversity, for the landscape and sustainable development. Lack of necessary data relating to
erosion, sediment and unavailability of Sediment Delivery Ratio (SDR) for almost all of the watershed basins
of Iran is considered as one of the main problems that cause to improper watershed management planning in
the country. Due to the availability of sediment data or simplicity of sediment measurement in watersheds,
while measurement of erosion is more difficult than sediment, having or knowing the amount of SDR can be
a usable tool for estimation of erosion rate in any watershed. Therefore, for choosing the most suitable SDR
estimation model, seven of common models were selected based on the results of their usage in the world and
in some watersheds of Iran and applied in Ilam dam basin. Results of the study indicated that Williams -
Berndt [28] is the most suitable model for estimation of SDR in Ilam dam basin with the least absolute and
Standard Errors as well as the least Coefficient of Variation (C.V) equal to 0.05, 5.7% and 6.6% respectively.
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Introduction

Based on soil importance as base of productivity
and human life, determining of erosion rate and soil
loss is necessary and soil conservation is an
important step towards sustainable development. SDR
is the ratio of sediment to erosion in a watershed,
but a full and specific method for estimation of it
has not been introduced until now. SDR depends on
many factors such as slope, length of watershed,
drainage network, land use, soil texture, watershed
area, proximity of erosion place to channel network,
amount and intensity of rainfall, volume and velocity
of surface runoff [7]. In case of availability of SDR
and sediment amount, erosion can be calculated and

we can plan to control erosion and sedimentation. In
general, according to the application of SDR in
determining priorities of operations and erosion
control projects, it can be applied for hazard zonation
map about occurrence of erosion and sediment yield
in a watershed. Therefore introducing and identifying
an appropriate model with the best performance in
the mountainous basins in West of Country (a karstic
region) is the main goal of this study. 

Norani [16] and Saber Hamishegi [22] examined
various models based on physiographic characteristics
of watersheds in different parts of Iran and
emphasized that the most appropriate method must be
introduced by testing and evaluating the models in
representative basins. 
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In another study, Ebrahimi [6] according to the
results of evaluation of two groups of SDR
estimation models concluded that, those models
which use length of main channel and average height
above sea level instead of watershed area are more
appropriate.

Mirdar Harijany and Kohestani [14], in a study
to propose suitable formula for calculation of
sediment yield in Sajaserud basin (Zanjan province),
established correlation coefficients of sediment yield
with twelve physical factors of basin including (area,
basin perimeter, the greatest length of basin,
equivalent diameter of watershed area, compactness
coefficient, length and width of equivalent
rectangular, time of concentration, basin slop, mean
elevation of basin, drainage density and height
difference) as the independent variables.

Considering the physical modeling in estimating
SDR in the watershed scale, framework of physical
models is based on  equation in which physiographic
parameters will change from one watershed to
another in different climatic conditions. In another
study, Lu et al [11], concluded that long-term
average SDR is associated with the precipitation and
watershed characteristics. 

Chakrapani and Saini [5] by evaluating temporal
and spatial variations in water discharge and
sediment loads in the rivers in the Himalayan show
that, >75% of annual sediment loads are transported
during the monsoon season (June through
September). The annual physical weathering rates in
the Alaknanda and Bhagirathi River basins at
Devprayag are estimated to be 863tonskm!2yr!1

(-3.25mmyr!1) and 907tonskm!2yr!1 (-3.42mmyr!1)
respectively, which are far in excess of the global
average of 156tonskm!2yr!1 (0.58mmyr!1).

Lopez-Tarazon [10] studied the suspended
sediment transport and its temporal dynamics in the
River Isabena (south-central Pyrenees, Ebro basin) by
means of direct sampling and turbidity recording
during a 3-year dry period. The average flood-
suspended sediment concentration was 8g l!1, with
maximum instantaneous values above 350g l!1.
Interpolation techniques yielded a mean annual
sediment load of 184253t y!1 for the study period,
with a specific yield of 414t km!2 y!1. They
concluded that it was the result of high connectivity
between the badland source areas and stream courses,
a fact that maximizes sediment conveyance through
the catchment.

Methods:
Study Area:

Ilam dam basin is located in the southeast of
Ilam province, Iran. The study area lies from 46< 16'
to 46< 38' E longitude and from 33< 23' to 33<° 38'
N latitude and covers an area about 477.52 km2 and

length of main channel is 40.67 km. This basin has
6 sub basins which are characterized in Table 1. 

Methodology:

In order to achieve the desired goal, the
following materials and tools are used:

Base maps include topographic maps on the
1:50000 scale, geological map on the 1:100000 scale,
aerial photographs for years 1956 and 1967 on the
1:20000 and 1:55000 scale respectively, satellite
image of Landsat TM 2001, previous studies of study
area, master thesis about erosion and sediment in the
region and abroad, relevant scientific papers and
statistics and data of erosion and sediment, GIS 9.3
and EXCEL software, at two stages:
A: Calculating the amount of actual erosion and

sediment yield of study area to access the actual
amount of SDR (to determine the actual amount
of sediment, 26-year statistics (1982-2008) of
suspended load - and bed load as a percentage
of suspended load - in the study area of  Golgol
Sarjoy and Vizhdarvan gauging stations was
used).

B: Evaluation of SDR models to select the
appropriate model for the study area and similar
watersheds.

Research Steps:

1. Mapping homogenous units by combining
geological formations, slope, aspect, elevation
and erosion facies maps in GIS environment.
Homogenous unit code is a three-digit numbers
as land form type, erosion facies and slope in
each unit respectively.

2. Using EPM model to estimate the amount of
erosion

3. Using different models of erosion and sediment
estimation based on hydrological divisions (sub
basins) or homogeneous units, known as
geomorphology method

4. Determining the specific erosion and specific
sediment by EPM model [1].

5. To identify and introduce the appropriate model
or models to estimate SDR, among various
models of SDR, seven ones are selected.
Then, for evaluation of models results, different

statistical tests including adaptive comparisons,
Standard Error (S.E.) and Coefficient of Variation
(C.V.) with regard to the type, nature and relevant
data are used for analysis and selection of the
suitable model for study area.

Evaluation Based on S.E.:

The Standard Error of SDR models results are
calculated by below equation whose results are
presented in tables 7:
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Where:
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SE: Standard Error (%)
(SDR)B: base sediment delivery ratio
(SDR)E: estimated sediment delivery ratio by model,

Evaluation Based on C.V.:

To determine the appropriate SDR model or
models, attempts to assess the accuracy of models by
calculating C.V. of each model are based on
measured SDR as below (table 7): 

, 

Where:
C.V. = Coefficient of Variation,
S.D. = Standard Deviation 
Xo = observed SDR (SDRo), 
Xe = estimated SDR (SDRe).

Where:
C.V. = Coefficient of Variation,
S.D. = Standard Deviation 
Xo = observed SDR (SDRo), 
Xe = estimated SDR (SDRe).

Results:

To achieve the goal of study, hydrologic unit
maps, geological formation, land use, slope, aspects,
coefficient of rock and soil susceptibility to erosion,
coefficient of erosion type, land use coefficient and
homogenous units in GIS environment are obtained
as figures 1 to 7. Then, by use of mentioned maps,
the necessary coefficients of EPM model in each
homogenous unit are extracted and erosion intensity
is calculated (table 2).

Amounts of Erosion, Sediment and SDR:

According to calculations, for erosion intensity
coefficient equal to 0.5, SDR is equal to 0.83 and
specific erosion and specific sediment are 817 and
678 (m3 km!2yr!1) respectively. Accordingly,
considering watershed area and specific gravity equal
to 1.5 gr per cm3 for sediments [21] total erosion and
sediment in the study area, 585200 and 485717 tons
per year are calculated respectively (Tables 3 and 4).

Observed Sediment Delivery Ratio (SDRO):

Based on Vizhdarvan and Golgol Sarjoy gauging
stations data and counting bed load as 30 % of
suspended load [23] (bed load can be as a percent of
suspended load between 10 to 50 percent or more

than it) [13] mean annual sediment is 454920 tons
per year while estimated sediment by EPM model is
484391 tons per year. Meanwhile, the total amount
of sediment load in this area by Shahbazi [24] using
the EPM and Azami [4] using rating curves was
483457 and 487707 tons per year respectively. So
the difference between observed sediment with
estimated sediment by EPM was 30797 tons per year.
Accordingly, the Standard Error of observed sediment
is about 6 % but in comparison with Shahbazi [24]
and Azami (2002) standard error was less than 0.5
%.

Estimation of SDR by Five Models Which Use A,R
and L:

Considering the choice of five models to
estimate SDR based on watershed area (A),
difference between highest and lowest points of
watershed (R) and Length of watersheds (L) results
are presented in Table 5.

Estimation of SDR by Two Models Which Use A,
SLP and Ro:

SDR in these models is estimated by use of
slope (SLP), watershed area (A) and runoff depth
(RO). Results of Williams-Berndt model [28] based
on the slope and Mutchler - Bowie model [15] based
on watershed area and runoff depth are given in
Table 6.

Assessment the Accuracy of SDR Models:
Comparative Evaluation:

According to tables 5 and 6, estimated SDR
using model number 6 is equal to 0.88 and results of
models 1 and 7 are close to each other and equal to
0.51 and 0.5 respectively, while other models have a
dramatic difference with base SDR (0.83). Thus
model 6 has the least difference with base SDR.
In table 7, Estimated SDR, Difference with base
SDR, Standard Error, S.D. and C.V. of various
models are presented and finally they are ranked by
their accuracy in SDR estimation.

Thus, among the evaluated models in this study,
the model number 5 with 6% Standard Error and
6.6% of Coefficient of variation is the appropriate
model for estimating SDR in Ilam dam basin.

Conclusion and Discussion:
Appropriate Model to Estimate SDR:

By ranking models accuracy based on
comparative methods, S.E. and C.V. 

It can be concluded that among all the evaluated
models, Model no. 5 [28] due to least differences
with the observed SDR (5%), lowest S.E. (7.5%),
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and lowest C.V. (6.6%), is the suitable model for
estimating SDR in Ilam Dam basin and other
watersheds with the same climatic conditions and
similar land characteristics (Table 8).

So, we can conclude that those SDR models
which use slope are better than similar models which
estimate SDR just based on watershed area.

Also, Roehl [20] and Prosser et al [17] showed
that those models which estimate SDR based on just
watershed area and have been created based on
location features, are suitable in other watershed with
similar climatic conditions. In opinion of Vanoni
[26], Soil Conservation Service of America [27] and
khanbivardi & Rugowski [9] the reason of
unsuitability of models based on  watershed area is 
being reliant on climate, watershed slope, main
channel slope, drainage  density  and  other factors

affecting sediment hydraulic and hydrological
characteristics of streams or waterways, particularly
the main river in watersheds. This conclusion which
is parallel with Saber Hamishegi [22] and Ebrahimi
[6] on one hand and the results of Gottschak Barnes
Maner [12] and Roehl [20] studies, quoting from
Ebrahimi [6] on the other hand, confirm the less
accuracy of SDR models based on watershed area
and lack of their integrity in comparison with other
models based on slope of main channel, area and
runoff depth such as Williams - Berndt and Mutchler
- Bowie models. Also, Norani [16] concluded that
the three models of Williams-Berndt [28] Mutchler -
Bowie [15] and Maner among seven analyzed models
in the study area (Taleghan basin) are the suitable
ones and Williams - Berndt [28] is the best.

Fig. 1: Land use map.

Fig. 2: Geological formation.
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Fig. 3: Y map.

Fig. 4: I map.

Fig. 5: Xa map.
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Fig. 6: Ψ map.

Fig. 7: Homogenous units map.

Table 1: Ilam Dam basin morphometric parameters.
Sub basin Area (km2) Perimeter (km) Mean slop Average elevation Max. of  elevation Min. of elevation

(%) (m) (m) (m)
1 137.2 53.44 37.62 1811.66 2600 1200
2 85.87 49.37 40.85 1476.36 2500 1100
3 68.19 48.31 44.35 1343.14 2200 900
4 43.53 38.24 32.76 1389.34 1700 1000
5 71.31 39.01 32.01 1449.3 2000 1100
6 71.42 47.83 32.61 1353.63 2100 1000
basin 477.52 107.7 37.45 1544.1 2600 900

Table 2: Calculated values of erosion intensity in the homogenous units in Ilam Dam basin.
No. Homogenous Area (ha) Xa Y Ψ I Z Erosion intensity

units code
1 2-4-4 3361 0.5 1.2 0.6 37 0.72 high
2 2-4-5 1324 0.5 1.2 0.6 44 0.76 high
3 2-3-2 889 0.2 1.2 0.5 7 0.18 low
4 1-3-4 2136 0.5 0.9 0.5 34 0.49 medium
5 1-4-3 2455 0.5 1.2 0.6 20 0.63 medium
6 2-4-5 1527 0.5 1.2 0.6 41 0.74 high
7 2-3-4 4236 0.5 0.9 0.5 40 0.51 medium
8 2-4-4 1354 0.5 0.9 0.6 26 0.5 medium
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Table 2: Continue.
9 2-4-2 1287 0.7 0.9 0.6 6 0.53 medium
10 2-4-5 1352 0.5 0.8 0.6 41 0.5 medium
11 1-4-5 1310 0.5 1.2 0.6 41 0.74 high
12 1-5-4 2833 0.5 0.9 0.7 40 0.6 Medium
13 2-4-5 2731 0.5 0.8 0.6 52 0.53 medium
14 2-4-4 2231 0.5 0.9 0.6 32 0.52 medium
15 2-3-5 5381 0.4 0.9 0.5 46 0.42 medium
16 2-4-5 2216 0.5 0.9 0.6 58 0.61 high
17 2-3-4 1202 0.5 0.9 0.5 33 0.48 medium
18 2-3-5 3164 0.5 0.8 0.5 47 0.47 medium
19 1-4-4 5974 0.4 0.5 0.6 22 0.21 low

Basin 47752 0.48 0.9 0.57 37 0.5 medium

Table 3: Estimated SDR of Ilam dam basin by EPM model.
Z A (km2) Annual mean Annual mean P (km) L (km) D (km) T Ru or SDR

temperature (oC) rainfall (mm)
0.5 477.52 12.32 640 107.7 30.27 0.644 1.15 0.83

Table 4: Estimated specific erosion and specific sediment of Ilam dam basin by EPM model.
Parameter WSP Total erosion GSP GS  

(m3 km2 y-1) --------------------------------------------- (m3 km2 y-1) ------------------------------------------------- 
Volume (m3 y-1) Weight (T y-1) Volume (m3 y-1) Weight (T y-1)

Value 817 390139 585200 678 323811 485717

Table 5: Estimation of SDR by five models which use A, R and L.
No. Model name Model equation A (mil2) L (km) R (km) SDR

1 Maner (1970) 184.37 --- --- 0.511.8768 0.4191log(10 )SDR A 

2 Vanoni (1975) 184.37 --- --- 0.220.1250.42SDR A

3 SCS (1983) 184.37 --- --- 0.080.134958.4030.417762 0.127097SDR A 

4 Greenfield (2004)                 ,                   --- 30.27 1.7 >1
0.4233 .L sfSDR e

16.9( 0.057)
R

Lsf e
 



5 Renfero (1975) --- 30.27 1.7 0.180.294259 0.82362log
R

LogSDR
L

 

Table 6: Estimation of SDR by two models which use A, SLP and RO.
No. Model name Model equation A (mil2) SLP (%) Ro (in) SDR

6 Williams – Berndt (1972) --- 2.31 --- 0.880.4030.627( )SDR SLP

7 Mutchler – Bowie (1975) 184.37 --- 12 0.50.488 0.0006 0.01SDR A Ro  

Table 7: Comparison of results of evaluated models with base SDR (0.83) and their ranks.
No. Model name Estimated SDR Difference with SDR S.E.(%) S.D. C.V. (%) Rank
1 Maner (1970) 0.51 0.32 62.7 0.35 42.3 2
2 Vanoni (1975) 0.22 0.61 277 0.67 80.7 4
3 SCS (1983) 0.08 0.75 937 0.82 99.2 6
4 Greenfield (2004) >1 --- --- --- --- ---
5 Renfero (1975) 0.18 0.65 361 0.71 86 5
6 Williams – Berndt (1972) 0.88 0.05 5.7 0.05 6.6 1
7 Mutchler – Bowie (1975) 0.5 0.33 66 0.36 43.6 3

Table 8: Absolute error, S.E. and C.V. of appropriate model to estimate SDR in Ilam Dam basin.
No. Model name Absolute Error S.E. (%) C.V. (%) Rank
5 Williams – Barndt (1972) 0.05 5.7 6.6 1

Notation:

A: Area (mil2)
R: difference between highest and lowest points of

watershed (km)
L: Length of watersheds (km)
SLP: Slope of main channel (%)

RO: runoff depth (inch).
Xa: land use coefficient 
Y: coefficient of rock and soil susceptibility to

erosion
I: watershed slop (%)
Z: erosion intensity
Y: Coefficient for erosion type
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