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COMPARATIVE EFFICACY OF SOME EMPIRICAL MODELS TO 

ESTIMATE SEDIMENT YIELD IN SMALL CATCHMENTS 
 

SUMMARY  
Empirical models have been developed to estimate erosion for a certain 

area and their calibration is essential for use in off-site conditions. Empirical 
modeling with high accuracy and efficiency for estimating sediment load can 
lead to better estimates of sediment load, resulting in a more appropriate design 
of soil and water conservation practices.  The aim of this study was to compare 
the efficiency of FSM, MPSIAC and PSIAC models in estimating erosion and 
sedimentation. In this study, 10 small watersheds were selected with areas 
between 14.3 and 556 hectares as the field of research. The model parameters 
were determined using available maps, satellite images and field operations. The 
amount of watershed sediment was estimated using empirical models described 
above. Observed sediment was calculated by determining sediment volume in 
check dam by field method. The minimum, average and maximum observed 
sediment were respectively 0.41, 0.82 and 1.18 m3ha-1 year-1. The correlation 
coefficients between the observed sediment and the estimated sediment by the 
empirical models of FSM, MPSIAC and PSIAC, respectively, were 0.56, 0.47 
and 0.54. The estimated sediment data of the empirical models were compared 
with the observed sediment data of the relative error test. Values of the relative 
error estimated for FSM, MPSIAC and PSIAC models were 38.67, 1.22 and 2.35. 
Efficiency index of Nash and Sutcliffe for FSM, PSIAC and MPSIAC models 
were, respectively, -17386.37, -45.46 and -11.48. These results indicated that the 
FSM model compared with the other two models had more errors, and this model 
with the baseline coefficients has no efficiency to estimate the sediment of small 
watersheds, and the two PSIAC and MPSIAC models also faced with sediment 
overestimation, but the MPSIAC model showed relatively acceptable results. 

Keywords: Sediment, Empirical Models, FSM, MPSIAC, Small 
Watersheds 

INTRODUCTION 
Soil erosion and sediment yield is one of the main challenges in Iran, and 

quantity estimation of them is an important issue (Amini et al., 2014). In the 
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current situation, statistics and information are collected by data acquisition from 
sediment measurement in stations of large-scale watersheds. The results obtained 
from the data are not easily generalizable to the small sub-basins and watersheds. 
On the other hand, enough information is not available on consistent rate of 
empirical methods to estimate erosion and sedimentation concerning condition of 
watersheds in the country, and this leads to distrust the statistics and information 
about erosion and the estimated sediment in the basins. Based on the evidences, 
the greatest difficulty caused by sedimentation is related to small-scale 
watersheds. Lack of appropriate data on sediment for small watersheds has 
created many problems for watershed management experts. One way is to use 
empirical models to estimate soil erosion and sediment yield.  

All these models consist of empirical coefficients and constants, which 
may not be suitable for other regions (Hadley, 1985) so that Pourkarimi et al. 
(2017) recommended that both the EPM and MPSIAC models were created in 
countries with climates and geology attributes that differ from those of Iran. 
Hence, the coefficients and factors affecting erosion do not correspond precisely 
to the conditions in Iran. Mahmoudzadeh (2002) measured the specific sediment 
yield on 19 small watersheds with end dam in New South Wales, Australia, and 
considered the trapping coefficient due to sediment outflow; the age of structure 
was 4 to 31 years. Martin-Rosales et al (2003) measured sediments 107 of 
Gabion, concrete, stone and cement dams in a semi-arid region with 
Mediterranean climate in the south of Spain. Verstraeten et al. (2003) provided a 
quantitative model of FSM (Factorial Scoring Model) for the first time in Spain, 
and used five factors of topography, lithology, basin shape, ditch and vegetation 
to calculate sediment yield in catchments. De Vente et al. (2005) calibrated the 
FSM model for the sub watersheds and resolved existing problems. Haregeweyn 
et al. (2005) also evaluated the FSM and PSIAC models in Tigre region of 
Ethiopia, and concluded that the FSM model has less fit with the observed values 
than the PSIAC model. Khodami (2005) used for the first time this model in Iran 
on Lateshur watershed, Northeast of Pakdasht, and found that the FSM model has 
more suitable match than the PSIAC model. Gholami (2013) by applying the 
FSM and MPSIAC models in Nahand watershed of East Azerbaijan, Iran, and 
reported the sediment values respectively equal to 3.27 and 4.18 tons per hectare 
per year, representing the superiority of the FSM model compared to MPSIAC 
model in this research. Neil (1988) through farm dam in the outlet of fourteen 
small watersheds at River Valley at Yasi found that the sediment value varies 
from six to 54m3/km2/year. Management factors in sediment yield are more 
crucial than morphological parameters. De Vente et al. (2006) in another study in 
Italy, added landslide factor to the FSM, the results of this study compared to the 
previous method showed better agreement with measured sediment value. 
Nichols (2006) in southern Arizona, the United States, measured sediment in 
eight sub-basins, with an average of 30 to 47 year life of the dams. Hashemi 
(2010) assessed sediment volume deposited in the reservoir of nine soil dams in 
Semnan province, Iran, which based on the evidence, there was no overflow of 
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sediment; the lifespan of the structures was 14 years. Mohamadiha (2011) used 
the FSM model in Eivaneki watershed in Iran and compared the results with data 
obtained from the MPSIAC models and simulators, and concluded that the data of 
FSM model are more consistent compared to the MPSIAC model. Atapourfard 
(2012) using the FSM model on Tehran watershed found that the efficiency was 
0.62 and the PRMSE was 0Tequal to 0.27. 0TGusman 2012 estimated the FSM of the 
sediment load in upper Liobregat watershed greater than the actual value.  

This study was carried out to evaluate the efficiency of the empirical 
models of FSM, MPSIAC and PSIAC to determine their accuracy in estimating 
sediment of small watersheds with an area up to 10 square kilometers. 

 
MATERIAL AND METHODS 

This study was carried out in West Azerbaijan province that is located at 
latitude 38°58' to 39°47' N and longitude 44°14 to 47°17"E in Iran. Based on data 
achieved from 10 small watersheds with an area between 14.35 and 556 hectares. 
The study basins had a variety of slope, land use, topography and geology.  

 
Fig. 1: Location of the study area 

 
The sedimentation volumes were measured in reservoirs of 53 small dams, 

which had sufficient volume for trapping sediment. The sediment control 
structures were in kinds of concrete, stone or mortar and Gabion sometimes; 
there was a check dam in a number of watersheds and over 14 small dams in 
some of them, which had been constructed in continuous across the drainage path 
and had enough space for trapping sediment behind the dams. 

The steps of the research were as follows:  
- First, selection of 10 small watersheds having check dam with a 

minimum of 10 years construction history, 
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- Studies on physiographic features, lithology, soil science, meteorology, 
hydrology, topography, vegetation, land use and erosion for each of the 
watershed, 

- Scoring the model factors using various tools, including previous studies, 
satellite images, aerial photos, topographic maps, field operations and table on 
how to score the factors in the FSM, MPSIAC and PSIAC models. 
 

Table 1: How to scoring factors in the FSM model (Verstraeten et al., 2003)  

 

 
Description 

Score Factor 

Very gentle slopes near reservoir and main 
rivers; elevation difference !200 m within 5 km 

1 Topography 

Moderate slopes near reservoir and main rivers; 
elevation difference 200–500 m within 5 km 

2 

Steep slopes near reservoir and main rivers; 
elevation difference O500 m within 5 km 

3 

Good contact cover of the soil (O75% surface 
protected) 

1 Vegetation 
cover  

Moderate contact cover (25–75% protected 
surface) 

2 

Poor contact cover (25% protected) 3 
Bank and ephemeral gullies are very rare 1 Gullies 
Few bank and/or ephemeral gullies can be 
observed 

2 

Many bank and/or ephemeral gullies can be 
observed 

3 

Dominant limestone, sandstone or 
conglomerate(low weathering degree) 

1 Lithology 

Dominant Neogene sedimentary deposits 
(gravels, etc.) 

2 

Strongly weathered (loose) material loams and/or 
marls 

3 

Elongated basin shape with one main river 
channel draining to the reservoir. No significant 
direct runoff 

1 Watershed 
shape 

Between elongated and (semi-) circular basin 
shape 

2 

(Semi-) circular basin shape with many rivers 
draining into the reservoir and/or much direct 
runoff from  
hill slopes to the reservoir  
 

3 
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- Sediment yield in the watersheds was determined using equation (1)  
in the FSM model. 

99.310)(77.74193 44.0 −+= − FSMIndexASSY                          Equation (1) 
Which, SSY: specific suspended-sediment yield (t/km2), A: area (km2) and 

FSM Index:  obtained by multiplying the five factors of the model. 
-  The range of scores for nine parameters of the PSIAC and MPSIAC models 
was determined as Table 2 using a pointed tools, field studies and expert work. 
 
Table 2: The range of scores for the parameters of PSIAC and MPSIAC models 
( Johnson and Gebhardt, 1982) 

parameters Mpsiac Psiac Erosion 
factors 

X1=Geological erosion index Y1=X1 0-10 lithology 
X2=Soil erodibility factor Y2=16.67X2 0-10 Soil 
X3=6-hour rainfall with a 2-year 
return period 

Y3=0.2X3 0-10 climate 

Qp= annual specific Debi 
(m3/skm2)R=annual of runoff 
Height (mm3) 

Y4=0.006R+10Qp 0-10 runoff 

X5=Percentage of the average 
basin slope 

Y5=0.33X5 0-20 topography 

X6=Percentage of land without 
vegetation 

Y6=0.2X6 -10-(+10) vegetation 

X7=Percentage of vegetation 
cover 

Y7=20-0.2X7 -10-(+10) Land use 

X8=total surface soil factor 
scoring in BLM* 

Y8=0.25X8 0-25 Surface 
erosion 

X9=Gully scoring in BLM* Y9=1.67X9 0-25 Channel 
erosion 
*BLM: Breau of Land Management (Refahi 2006) 

 
- In the PSIAC model, the rate of annual sediment yield was calculated after 
scoring for each factor and the sum of these scores using equation (2),  
 
Qs = 38.77 e0.0353R                                                  Equation (2) 
 
Where: Qs: the rate of sediment yield (m3/km2/year), and R: the sediment yield 
degree. 
- In the MPSIAC model, equation (3) was used to estimate the sediment. 
 
Qs = 0.253e0.036R                                                                               Equation (3) 
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-The observed sediment in each watershed was determine via the sediment 
volume by measuring the sediment of the reservoirs accumulated in behind the 
check dam.  
-The estimated sediment of three FSM, MPSIAC and PSIAC models was 
investigated and analyzed with measured sediment from the sediment 
measurement in dams, by the statistical method of relative error in equation (4) 
(Moore et al., 2009). 
  

 
                                  Equation (4) 

 
Where: Xo = estimated value, X = observed value and δX = relative error 
- Nash and Sutcliffe method was used to evaluate the efficiency of model, 
equation (5) (Nash and Sutcliffe 1970). 
 

                   Equation (5) 
 
Where: ME: model efficiency, Qi: measured values, Ǭ: average measured values, 
Pi: predicted values and n: number of samples used 

 
RESULTS AND DISCUSSION 

Some of the features of study areas including watershed size, check dam 
age, type of land use, weighted average slope, annual rainfall and basin lithology 
have been presented in Table 3. 

Table 3: General characteristics of the study area 
small 

catchments 
Area 
(ha) 

 

Age 
(year) 

Land use Slope 
(%) 

Precipitation 
(mm) 

 

Litology 
 

Emamkandi 174.03 12 Rangeland 44.94 346/7 Limestone, 
dolomite, shale, 

 Silve1 79.00 
 
 

13 Rangeland &       
dry farming 

16.92 549 Limestone, old 
terraces 

Silve2 78.00 12 Rangeland &           
dry farming 

15.70 549 Limestone, 

Ozondara1 14.35 11 Rangeland &        
dry farming 

35.11 496 Phyllite, gneiss, 
volcanic rocks 

Ozondara2 104.70 11 Rangeland &         
dry farming 

38. 85 496 rhyolite 

Ozondara3 129.04 11 Rangeland 40.47 496 Rhyolite, red 
sandstone, siltstone 

Kohnede1 556.00 10 Rangeland &        
dry farming 

32.62 496 rhyolite 

Kohnede2 408.00 10 Rangeland &        
dry farming 

30.74 496 Rhyolite, red 
sandstone, siltstone, 

 Khracho1 97.06 10 Rangeland &        
dry farming 

37.24 496 gneiss, granite 

Khracho2 118.75 10 Rangeland &        
dry farming 

36.87 496 gneiss, granite 
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The scores of five factors of the FSM model were determined using various 
tools including satellite images, aerial photos, topographic maps, field operations, 
integrating mentioned data and information of Table 1. The FSM model applying 
equation (1) with the unit of ton/ha/year estimated the sediment and then was 
converted to m3/ha/year based on the specific weight of sediment (Table 4). 

 
Table 4: Final scores of five factor and sediment yield calculation results by FSM method 

 
 
According to Table 4, the average estimated sediment from the FSM model 

in the study watersheds was 30.30±17.07m3. The minimum observed sediment 
was 13.14m3 and the maximum value was 38.75m3.  Nine parameters of the 
PSIAC model and the amount of sediment (m3/ha/year) have been shown in 
Table 5. 

 
Table 5: Final scores of nine factors and sediment yield calculation results  

by PSIAC method 

parameters Emamkandi Silve 
1 

Silve 
2 

Ozondara
1 

Ozondara
2 

Ozondara
3 

Kohnede
1 

Kohnede
2 

Khracho 
1 

Khracho 
2 

lithology 4.8 3.0 3.0 5.5 5.5 5.0 4.2 3.6 5.3 5.2 

Soil 4.5 6.5 6.5 4.5 4.5 4.0 4.0 4.0 6.0 6.0 

climate 3.0 2.0 2.0 2.5 2.4 2.5 2.0 2.0 2.5 2.4 

runoff 8.0 5.5 5.0 7.0 8.5 8.0 6.5 7.0 6.0 6.0 

topograghy 16.0 7.0 7.0 11.0 12.0 13.0 12.0 11.0 13.0 12.7 

vegetation 1.0 2.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Land use 2.0 5.0 5.0 4.0 4.0 4. 0 4.0 4.0 6.0 6.0 

Surface erosion 7.0 7.5 7.5 9.0 10.0 9.5 8.5 8.5 11.0 12.0 

Channel erosion 3.0 
 

3.0 3.0 6.0 4.0 4.0 6.0 5.0 7.0 7.0 

Sediment Rate 49.3 41.6 41.0 52.5 53.9 53.0 50.2 48.1 59.8 60.4 
Predicted SY 
m3/km2/y 

226.6 171.8 168.2 253.9 267.0 259.0 233.7 216.9 329.3 366.9 

Predicted SY 
m3/ha/y 
 

2.2 1.72 1.68 2.54 2.67 2.59 2.34 2.17 3.29 3.37 
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In the PSIAC model the minimum, average and maximum estimated 
sediment were, respectively, 1.67, 2.46 and 3.37m3/ha/year (±0.57). The 
estimated values have three times overestimation compared with the 
observational data. Skewness of data for the observed values was -0.08, and for 
the estimated data was 0.29, and correlation coefficient among the sediment data 
estimated from model and the observational data was 0.54. Nine parameters of 
the MPSIAC model and the amount of sediment (m3/ha/year) are found in Table 
6. 

 
Table 6: Final scores of nine factors and sediment yield calculation results by MPSIAC 

method 
parameters  
 

Emamkandi Silve 
1 

Silve 
2 

Ozondara
1 

Ozondara
2 

Ozondara
3 

Kohnede
1 

Kohnede
2 

Khracho 
1 

Khracho 
2 

lithology 4.82 3.08 3.00 5.50 5.50 5.05 4.17 3.60 5.26 5.29 

Soil 2.33 2.17 2.17 3.00 3.00 3.00 3.17 3.17 1.67 1.67 

climate 2.60 3.20 3.20 2.60 2.60 2.60 2.40 2.40 2.80 2.80 

runoff 8.66 6.57 6.31 8.09 9.04 8.52 6.19 6.88 7.08 7.08 

topograghy 14.80 5.60 5.20 11.60 12.80 13.40 10.80 10.13 12.28 12.16 

vegetation 3.60 6.40 6.10 6.80 7.60 7.30 6.74 7.20 7.50 7.40 

Land use 10.58 13.20 
 

12.52 13.82 15.25 14.59 14.12 14.52 14.89 14.76 

Surface erosion 5.20 6.20 6.40 7.60 7.40 7.00 8.60 8.40 9.00 9.60 

Channel erosion 1.67 1.67 1.67 3.34 1.67 1.67 5.01 5.01 6.68 6.68 

Sediment Rate 54.26 48.09 46.57 62.35 64.86 63.13 61.20 61.31 67.16 67.44 
Predicted  SY 
(t/ha/yr)  

 

1.78 1.43 1.35 2.39 2.61 2.46 2.29 2.30 2.84 2.87 

Predicted SY 
(m3/ha/yr)  

 
1.34 1.02 1.04 1.84 1.72 1.75 1.71 1.58 2.07 2.17 

 
In the MPSIAC model the minimum, average and maximum estimated 

sediment were, respectively, 1.02, 1.62 and 2.17m3/ha/year (±0.39). The 
skewness of data for the observed values was -0.08, and for the estimated data 
was 0.42, and correlation coefficient among the sediment data estimated from 
model and the observational data was equal to 0.47. The estimated values had 
twice overestimation compared with the observed sediment. 

Results of the estimated data from the three models of FSM, MPSIAC and 
PSIAC were compared with the observed sediment by the statistical method of 
relative error in equation (4), and the results have been reported in Table 7. 

According to Table 7, the average observed sediment in 10 study 
watersheds was 0.74±0.42 m3. The minimum and maximum observed sediment 
were 0.41 and 1.18 m3/ha/year, respectively. 

As shown in Table 7, the relative error values in the FSM, PSIAC and 
MPSIAC models have been calculated 38.67, 2.35 and 1.22 with observational 
data, respectively. 
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The relative error value closer to one indicates acceptable estimation of the 
model and vice versa. In this study, the FSM model with maximum relative error 
of 38.67 is far from observed data. The PSIAC model with overestimation of 
almost 2.35 for observed data showed better results compared with the FSM 
model and the estimated data of the MPSIAC model with the relative error of 
1.22 had the lowest relative error compared to the two previous models as well as 
had the acceptable overestimation. The results correspond to previous findings, 
including Mohamadiha (2011), Atapourfard (2012), heravi et al. (2012), which 
confirmed overestimation for the FSM model. De Vente et al. 2005 pointed to the 
limitation of watershed areas between 10 and 10000 km2.  

 
Table 7: Results of calculating relative error of FSM, MPSIAC and PSIAC models 

 
Based on the research findings in Iran, the efficiency of MPSIAC model 

has been confirmed by Tahmasebipoor and Najafi Disfani (1994), Nikjoo et al. 
(1995), Sokouti et al. (2005) and Bayat and Mahmoodabadi (2005). Brooshkeh et 
al. (2004) examined 25 small watershed sediments in West Azerbaijan province 
in Iran, who concluded that the average specific sediment yield and the highest 
measured sediment were, respectively, 1.3 and 12 m3/ha/year for one of the 
watersheds with lithology sensitive to erosion and with rainfed lands. According 
to investigations of Toy et al. (2002), differences in measured soil loss from the 
same plot with erosion rates under one and 20 tons per hectare per year, were up 
to 400 percent and 30 percent, respectively. Nichols (2006) reported a 47-year 
long-term average sediment yield of the watershed with an area of 43.8 ha equal 
to 3 tons per hectare per year and the 10-year long-term average  equal to 1.2 tons 
per hectare per year, representing major changes in sediment yield over time. 

 
CONCLUSIONS 

Regarding the mentioned items, we can concluded that the amounts of 
sediment and soil loss rate are the functions of various factors; and during the 
course of the investigation in relation to the reservoir sediment control has 
important role in determining sediment. If the duration of sediment yield behind 
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the check dam is greater, the erosion and sediment will be measured with higher 
accuracy. Watersheds studied in this research had no much difference in terms of 
climatic conditions. However, lithological characteristics, type of land use and 
prevailing occupation in the region had major role in the sediment yield; the 
minimum and maximum observed sediment showed a three-fold difference. 

Efficiency index of Nash and Sutcliffe for FSM, PSIAC and MPSIAC 
empirical models were, respectively, -17386.37, -45.46 and -11.48. Base on the 
coefficient calculated, the FSM model showed high difference with the measured 
values and had no efficiency for small and several hundred hectares watersheds 
with primary coefficients. The efficiency index in the PSIAC model was better 
than the FSM model, but differed with measured sediment data; and its 
overestimation was 2.5 times. The index calculated in the MPSIAC model 
compared to the previous models had a better efficiency.  

It is obvious that due to the intervention of various parameters in the 
sediment yield, certain values and ranges could not be declared with high 
confidence for sediment production in an area. 
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