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Abstract

Erosion process not only changes the land use to badlands, but also produces sedi-
ments that are dumped in the dam reservoirs, reduces the reservoir volume and finally
makes it useless. So, it is necessary to do study on erosion intensity and the sediment
production evaluation for which there are some methods and models. The experimen-
tal Fargas and BLM models are largely used for this issue, in Iran as well as many other
countries, separately or together based on the data availability. These studies results are
as data for sediment supply estimation in different watershed management studies. So,
the result accuracy is important for determination of sediment occurrence. This study
evaluates these models’ results accuracy, in order to find the limitations and any solu-
tions. Therefore, these two models were used and run in the same area, Aghbolagh
drainage basin, Iran; the results were compared and evaluated. These models are based
on some factors like rock type, drainage density, surface erosion and litter cover. The
study includes field and laboratory analysis. The data were combined in GIS software
and processed. The results reveal that, Fargas model predicts 3.67%, 14.26% and
81.06% of the area susceptible for high, severe and very severe erosion respectively;
whilst, referring to BLM model outcome, 42.96% area has high sensitivity; 42.96% and
24.94% of the area have high and severe sensitivity for erosion, respectively. Further-
more, both models show same severity for around 18% of the study area. So, for these
two models results very low similarities are concluded, which could be an indication of
low reliability of the results, especially when they are used separately without any com-
bination or comparison. Finally, it is recommended to use both of them together, or
use another method beside each mentioned models.
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1. Introduction

Erosion is a type of soil and rock weathering in which superficial layer is worn away
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through the action of glaciers, wind and water [1]. Although both soil and rock erosion
are important, cultivation and life system soil erosion is more important, and makes
social and economic problem and ecosystem changes [2] [3] [4].

Erosion monitoring is more effective than control of sediment using different me-
thods. By detecting different erosion problems and classifying the area into different
levels of susceptibility to erosion, it will be possible to use cost effective erosion control
measurements [5].

Different erosion types like rill, gully, stream and channel are used for erosion sever-
ity and sediment production intensity from which gully erosion is more important, as it
is occurred in the last stages of erosion progress, indicating high sediment production,
but its study has been limited recently [6]. Whilst, study on gully erosion based on his-
torical evidence, photology or remotely sensed images, is very practical. The result is
also very applicable, as there is a strong correlation between the length and volume of
the gully [7].

Drainage area of any basin is assumed as its sediment source, so the area is mapped
and classified into erosion susceptive aprons to make remedial programs in order to
reduce the erosion intensity, decrease soil erosion and overcome to sediment produc-
tion and transform to dam reservoirs. This study uses different factors such as litholo-
gy, drainage pattern, steep slopes, erosion types and land use, to map and classify the

drainage area using different models, and make comparison for the results.

2. Study Area

The 78.2 Km® study area is located in the northern Hashtrood City, between 37°28'51"N -
37°36'39'N and 46°59'59"E - 47°05'36"E (Figure 1) with 2110 and 1668 m above sea
level maximum and minimum elevations respectively. Average precipitation is 325 mm,
and could be assumed as cold semiarid. The main land use, 82 percent of the study
area, is dry farm.

Geological studies illustrate the area has rarely been affected by tectonic forces, and
sedimentary rocks are the predominant lithology. Unconsolidated conglomerates,
sandy marls and alluvial sediments cover 81% of study area, which cause high potential

for erosion.

3. Methodology

Two empirical methods, Fargas and BLM were used in this study to identify the critical
sediment resources. The first one as a qualitative method which was developed by Far-
gas et al. [8] was initially used in 1500 Km® area watershed of the Joaquin Costa reser-
voir (NE Spain). This method uses reliable but limited parameters of lithology and
drainage density which is rated according to erosion class. It is supposed that too less
factors are easy to obtain, but could be the weak point.

The second one, BLM methodology is also applicable method for sediment risks
evaluation. This technique uses seven factors, and the results are classified according to

five major erosion classes. If these factors study carefully, the result will be reliable.
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Figure 1. Location of study area.

4. Discussion

Two main models, Fargas and BLM, which are generally used for erosion assessment
and soil conservation planning, were used to categorize the erosion intensity, erosion
risk assessment, sediment production and critical sediment resources detection. Finally
the results of above mentioned methods were appraised in comparison with each other

and the similarities were recognized.

4.1. Fargas Model

The Fargas model is based on two main factors, lithology and drainage density. So,
these factors are prepared as geological maps, and used in GIS software (Figure 2) and
each unit area was calculated as percentage of total area (Table 1). This study uses geo-
logical map which was prepared based on detail field study as well as laboratory analy-
sis, considering its importance. According to the map and Table 1, Q% geological unit,
composing of terrace alluviums which have high resistance index (erosion susceptible)
covers about 46.5% of the area, whilst the hard rocks of gr, O,, E,, and E, have frequen-
cy of 14.26, 0.68, 0.68 and 3.67 percent, respectively. Qpl°, Qpl™ and Q are other soft
lithological units with 4.7, 27.56 and 2.21 percentage, correspondingly.

The drainage density, the second main factor of this model, was prepared based on

the detailed topography maps (Figure 3); then, erosion class which is attached to an
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Figure 2. Geological map of the study area.
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Figure 3. Drainage density on geological map.
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Table 1. Geological units resistance index [9].

Rocks and sediments Geological units Resistance index Area (% of total area)

gr 4 14.26

0, 1 0.68

Hard Rocks

E,, 3 0.68

E, 2 3.67

Qpl 6 4.7

Soft Rocks (Unconsolidated Rocks)

Qpl™ 9 27.56

Old alluvial deposits Q” 8 46.5
Recent alluvial deposits Q" 7 221

elementary catchment depending on its drainage density [10], were prepared (Table 2).

The coefficient value for each lithological unit from which the emission risk is ob-
tained, is determined by multiplying the erosion class according the drainage densi-
tyand the weighting factor [6]. Table 3 shows the calculated values and the erosion risk
for different geological units of study area. The critical sediment source could be calcu-
lated based on the risk data. This table shows the erosion risk of slight, moderate, high,
severe and very severe as 0.68%, 0.33%, 3.67%, 14.26% and 81.06% of total area, respec-
tively. The data is presented as map of erosion risk and critical sediment source (Figure
4).

4.2. BLM Model

BLM methodology, initiated by Bureau of Land Management (BLM) of the United State
of America, is mainly base on the erosion types. This model is integrated seven factors
of surface erosion variable from (0 - 14), Litter covering the surface (0 - 14), rock frag-
ment (0 - 14), superficial degradation (0 - 14), rill erosion (0 - 14), runoff sediments
precipitation (0 - 15) and gully erosion (0 - 15); to calculate the Soil Surface Factor
(SSF), which is the base for assessment of erosion intensity and erosion factor determi-
nation (Table 4). Every factor of this model was studied and mapped in GIS software to
get the results as Table 5, Figure 5 and Figure 6. According to Table 5, the study area
could be dissection in 3 major erosion risk, including moderate, high and severe with
area of 32.1%, 42.96% and 24.94% respectively.

5. Conclusion

Fargas and BIM models are mostly used to determine erosion risk, erosion intensity
and critical sediment source. Fargas model generally is more common, as it uses less
factors, which are easy to produce the data. BLM model covers more components and
needs data to be studied carefully and integrated to one aspect as soil surface factor.
This study uses both model to evaluate erosion severity in the same area, in order to
find the similarities and differences. The results show, generally there are similar classes

between both model results, but deep investigation on the calculated classes area, re-
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Table 2. Erosion class based on drainage density.

Class Geological Unit Erosion degree Drainage Density (Km/Km?) Rating value
1 E. Very severe 4.34 10
2 E, Severe 1.76 8
3 O, Very severe 2.72 10
4 gr Very severe 4.44 10
5 Qpl© Very severe 5.37 10
6 Qpl™ Very severe 5.49 10
7 Qv Very severe 3.04 10
8 Q! Very severe 13.85 10

Table 3. Classification of sediment emission risk.

Geological . Resistance Area Drainage Drainage Density Rating Coefficient .
) Lithology . 5 Risk
unit index (% of total) length (Km/Km?) value value
E™ Andesitic lava, Tuff 3 3.67 12.49 4.34 10 30 High
E* Andesite, Andesitic basalt 2 0.33 0.45 1.76 8 16 Moderate
O, Rhyolite 1 0.68 1.45 2.72 10 10 Slight
gr Granite 4 14.26 49.6 444 10 40 Severe
Qpl* Unconsolidated Conglomerate 6 4.71 19.77 5.37 10 60 Very Severe
Qpl™ Sandy marl 9 27.57 118.5 5.49 10 90 Very Severe
Qv Young terraces 8 46.46 11 3.04 10 80 Very Severe
Q! Alluvium 7 2.32 25.1 13.85 10 70 Very Severe
Table 4. The erosion risk based on the 7 factors (bureau of land management).
Sum 7 factors score Erosion Risk
0-20
21 -40 Moderate
41-60
61 -80
81-100 Very Severe
Table 5. Erosion risk in the study area based on SSF calculation.
7 Factors of BLM
Class Total score Risk Area (% of total Area)
F1 F2 F3 F4 F5 F6 F7
E1 6 6 6 6 7 7 4 42 High 18.59
E2 6 6 6 6 8 8 0 40 Moderate 13.12
E3 4 4 4 4 5 5 5 31 Moderate 18.98
E4 6 6 6 6 8 8 8 48 High 24.37
E5 8 8 8 8 11 11 8 62 Severe 7.72
E6 8 8 8 8 11 11 11 65 Severe 17.22
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Figure 4. Risk of erosion based on Fargas method.
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Figure 5. Erosion types in the study area.
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veals that there are no enough coverage between the final outcomes of these models.
Fargas model predicts 3.67%, 14.26% and 81.06% of the area susceptible for high, severe
and very severe erosion respectively; whilst, referring to BLM model outcome, 42.96%
area has high sensitivity; 42.96% and 24.94% of the area have high and severe sensitivity
for erosion, respectively. Furthermore, both models show the same severity for around
18% of the study area. This means, by applying two models in the same study and
making comparison between the products, we find advantages and disadvantages of the
methods, and understand the shortage of any model, or any faults during the study. Fi-
nally it is recommended to never rely on one of these models, or maybe any others,

even very common methods.
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