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Abstract: Assessment of gully erosion in relation to lithology in the 
southwestern Zagros Mountains, Iran using ASTER data, GIS and stochas-
tic modeling. (IT ISSN 0391-9839, 2018).

Soil erosion in arid areas is a major environmental threat. Gullies, as 
one of the most intensive soil erosion processes, are very common in the 
southwest of Iran. Lithology, vegetation density and climate change, as 
well as land use and land cover change are effective drivers of soil loss in 
general, and gully erosion in particular. The overall objective of this re-
search is to assess the relation between, lithology and the spatial distribu-
tion of gullies in the Mazayjan basin. Data were collected by field survey, 
interpreting aerial photos and analyzing ASTER multispectral images. 
Modeling of spatial gully susceptibility was performed with a GIS-based 
statistical mechanics approach (Maxent). The analysis of ASTER bands 
ratios yields valuable results in terms of the mineral differentiation of the 
Zagros Mountain substrates and hence, can be utilized as a tool for litho-
logical mapping. Additionally, the statistical mechanics approach used to 
assess the relation between existing gully locations and the combinations 
of lithologic predictor variables show that gullies have a high probability 
in areas showing substrates with high amounts of salt, gypsum and marl, 
especially in the plain areas. The model performance shows a very high 
accuracy both for train and test data. The spatial prediction highlights 
concentrated gully erosion in areas with aeolian sediments on top of al-
luvial substrates.

Key Words: Gully erosion, ASTER multispectral data, lithology, to-
pographic indices.

INTRODUCTION

In southern and southwestern Iran, gully erosion is one 
of the most serious types of soil erosion causing land deg-
radation in cultivated and range land areas (Wasson & alii, 
2002; Masoudi & Zakerinejad, 2010; Shahrivar & alii, 2012; 
Zakerinejad & Maerker, 2014). The diversity and impact of 
various factors driving the formation and development of 
gully erosion are highly variable. Thus, the understanding 
of the most significant drivers of gully initiation is an im-
portant prerequisite to improve land use management and 
to prevent soil erosion. Gully erosion is the major land deg-
radation process notably in arid and semi-arid areas (see  
Pickup, 1991; Pringle & alii, 2006).

Various researchers have studied the factors and mech-
anisms which affect gullying in many parts of the world 
with major emphasis on arid and semi-arid areas (Ghodosi, 
2006; Kheir & alii, 2007; Samani & alii, 2010; Shahrivar & 
alii, 2012; Zakerinejad & Maerker, 2015). Areas with scarce 
vegetation and a high amount of silty soils are particularly 
affected. Most gullies occur in unconsolidated materials, 
including colluvium and alluvium, deeply weathered sub-
strates (Ahmadi, 2007; Conoscenti & alii, 2008; Maerker 
& alii, 2008; Frankl & alii, 2012) or aeolian deposits such 
as loess formations. Moreover, soils prone to piping and 
tunneling, such as dispersive soils (Faulkner & alii, 2003; 
Valentin & alii, 2005; Shahrivar & alii, 2012), often show 
features of gully erosion.

Factors such as erodibility of substrates and soils, topog-
raphy, neotectonic effects, land use or land cover changes, 
and climate change are considered as the main drivers of 
gullying. These factors are particularly common in large 
parts of Iran (Onwuemesi, 1990; Obiefuna & Adamu, 
2012), where gully erosion occur especially in pediments, 
colluvial slopes and alluvial plains. 

In the recent past the authors assessed various factors 
influencing gully erosion in the study area concentrating 
mainly on topographic settings, land use and vegetation 
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(Zakerinejad & Maerker 2014, 2015) as well as morphotec-
tonic characteristics (Zakerinejad & alii, 2016). However, 
an in-depth analysis of the role of the lithological compo-
sition of the substrates is still missing. For example, chem-
ical aspects such as critical values of Sodium, Calcium and 
Magnesium have negative impacts on aggregate stability 
(Moghimi & alii, 2012). High values of the Sodium Absorp-
tion Ratio (SAR) are expressing the relative activity of so-
dium ions in the exchange reactions with the soil. Sodium 
when present in the soil in exchangeable form replaces cal-
cium and magnesium adsorbed by the clays and causes dis-
persion of soil/substrate particles, and thus, facilitate gully 
erosion processes (Kemper & Koch, 1966; Servati & alii, 
2008; Shahrivar & alii, 2012). Therefore, a comprehensive 
assessment of the lithologic composition influencing gully 
initiation is important to understand the spatial distribu-
tion of gully features. Therefore, in this study, we focus on 
the influence of the lithology and the resulting surface sub-
strates on gully erosion in the Mazayjan (MZJ) catchment 
in southwestern Iran. 

Available geological and lithological maps were gen-
erated by the Iranian National Petroleum Organization 
(INPO) at the scale of 1:100,000 in 1954 and were mainly 
developed to identify different formations containing oil 
resources (Samani & alii, 2009). Generally, these maps were 
generated at large scales and are thus not very accurate in 
detail. However, no other more detailed geological map 
was produced since then. Therefore, we decided to utilize 
remote sensing data to obtain high resolution lithological 
information to assess gully erosion processes. In this study 
we use Advanced Space borne Thermal Emission and Re-
flection Radiometer (ASTER) spectral bands following the 
approaches presented by (Omran & alii, 2012) and (Matar 
& Bamousa, 2013). The study area is characterized by arid 
climate and sparse vegetation and therefore, well suited to 
examine the suitability of different ASTER band ratios to 
describe and map specific rock units and surface substrates 
(Omran & alii, 2012; Matar & Bamousa, 2013; Bachofer & 
alii, 2015). 

The present study aims at proposing suitable ASTER 
band ratios appropriate to differentiate between different 
rock units and surface substrates in order to evaluate the 
correlation between gully location and mineral content. A 
further objective of the study is to assess the potential spa-
tial distribution of gully erosion processes, forms and fea-
tures in relation to the lithology characterized by a specific 
mineral composition using a statistical mechanics model. 
The latter allows for a spatial prediction of gully erosion 
susceptibility in the entire MZJ catchment. 

STUDY AREA 

The study area is located in the MZJ catchment of Fars 
province, southwestern Iran (54°34’ to 54°44’E and 27°59’ 
to 28°5’N; fig. 1). The area is located in the Zagros Moun-
tains (ZM) close to Zarindasht city. The ZM belt extends 

for about 1500 km from the 
Taurus Mountains of south-
eastern Turkey, through south-
western Iran, ending near the 
Straits of Hormuz at the mouth 
of the Persian Gulf. This area 
is characterized by an arid cli-
mate with about 230 mm av-
erage annual precipitation and 
a mean annual temperature of 
16.5°C. Field survey reveals 
that pediment and alluvial 
areas mapped as Quaterna-
ry deposits in the central part 
of the catchment, based on 
the 1:100,000 geological map, 
show significantly more gully 
systems. These gully systems 
in turn provide great amounts 
of sediments, which are trans-
ported into river systems or de-
posited in reservoirs and check 
dams within the catchment. 

 

 

 

 

 

 

 

 

FIG. 1 - Study area of 
MZJ catchment and 
its lithological map 
(1:100.000).
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The study area is characterized by very sparse vegetation. 
The lowest elevation is 690 m and the highest peak of the 
ZM in the study area rises to 1969 m. Most of the gully 
features occur on the low sloping colluvial and pediment 
areas as well as on the plain covered by alluvial sediments 
(Zakerinejad & Maerker, 2014).

The geology of Hormuz is discussed by various authors 
such as Hull & Warman (1970); Gill & Ala (1972); Falcon 
(1974); Kashfi (1980); Edgell (1996); Bosak & alii (1998) and 
Bahroudi & Koyi (2004). Lithologically, the study area is 
subdivided into two main units (fig. 2). The first unit is Pre-
cambrian age and consists of salt plugs or glacial salts cov-
ering a total area of about109 km2. The plugs are composed 
mostly of brownish gray to purplish gray siltstones, some-
times of pale red, purple or reddish brown color. The salt 
plugs are composed of weathered clay minerals, ferruginous 
minerals and some relicts from gypsum and halite at the 
distal part of the dome features. This unit has been subject 
to reductive environments which helped to form minerals 
like pyrite. Halite commonly occurs at the margins of plugs. 
Crystalline gypsum appears most often in brecciated form 
with fragments of shale, light-colored limestones and grayish 
brown siltstones. Dark gypsum with organic admixture and 
local intercalations of iron compounds are quite common. 

The second unit consists of sedimentary Phanerozoic 
rocks of Cretaceous to Quaternary age with a total area of 
ca. 1300 km2. Phanerozoic rocks are the main lithological 
formations exposed in the outcrops of the study area. The 
oldest rocks are the Asmari Formation (Oligocene to Lower 
Miocene) which cover about 200 km2 of the study area. The 

Asmari Formation consists of dolomite, with dolostones 
and sandstones at the base, while the upper part is com-
posed of a variety of limestone formations from nummulit-
ic grainstones to fine-grained packstones. The Gachsaran 
Formation (Lower Miocene to Pliocene) is composed of the 
evaporitic Guri Member, the carbonate Champeh Mem-
ber and the clastic-evaporitic Mol Member. The Mishan 
Formation (Lower to Middle Miocene) consists of bedded 
limestones, often chalky with an argillaceous admixture at 
the base, while the upper part is composed of mostly green 
marls, and in places is slightly gypsiferous with silty sand-
stone, sandy mudstone and sandstone interbeds.

The Agha-Jahri Formation (Upper Miocene to Plio-
cene) consists of alternating beds of sandstones, mud-
stones to shales and sandy siltstones. Finally, the youngest 
formation is the Bakhtyari Formation (Upper Pliocene to 
Pleistocene). This formation consists of pebble to boulder 
conglomerates with subordinate cross-bedded sandstones 
and sandy siltstones. Quaternary deposits have a large areal 
distribution of about 470 km2. The Quaternary sediments 
are represented mostly by complex alluvial systems formed 
of coarse-grained, boulder conglomerates to gravels, which 
are often cross-bedded with minor sandy interbeds. A 
higher proportion of soft shales to marls, gypsum and anhy-
drite exist where the weathered materials derive from Mio-
cene to Pliocene rocks. These sediments are enriched with 
gypsum, clay minerals (kaolinite) and salt minerals (halite).

MATERIALS AND METHODS 

Materials

ASTER sensor is a joint collaboration between NASA 
and Japan’s Ministry of Economy. The sensor carried 
by the TERRA satellite launched in December, 1999 
(Fujisada, 1995; Matar & Bamousa, 2013) has 14 bands 
covering a vast spectral range: three bands in the Visible 
and one band in the Near Infrared (VNIR) with 15 m 
resolution; six bands in the Short Wave Infrared (SWIR) 
with 30 m resolution; and four bands in the Thermal In-
frared (TIR) with 90 m resolution (Fujisada, 1995). The 
ASTER data of our study area were acquired on Feb. 
28, 2006. Each scene covers an area of about 60 by 60 
km (3600 km²), which encompasses the MZJ catchment 
completely. In general, the SWIR bands were used for the 
discrimination of minerals or rock types (Yamaguchi & 
alii, 1998). First, the acquired data with compacted bands 
were separated and then processed by conducting radio-
metric and geometric corrections (Bachofer & alii, 2015). 
The scene used in this research is an ASTL1B of 14 bands 
dating from 2006. The image has been pre-georeferenced 
to UTM zone 40 with datum WGS 84 and ortho-rectified 
using a DEM. The proposed procedure to derive high res-
olution spatial information on the mineral composition of 
lithology and substrates using ASTER data mainly relies 
on the SWIR bands 4, 5, 6, 7, 8 and 9. The spectral ranges 
of the 30 m resolution SWIR bands are: 1.600-1.700 μm 
(band 4), 2.145-2.185 μm (band 5), 2.185-2.225 μm (band 
6), 2.235-2.285 μm (band 7), 2.295-2.365 μm (band 8) and 
2.36-2.43 μm (band 9). 

FIG. 2 - Lithological and mineralogical description of the rock units in 
study area.
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Methodology

ROCK DIFFERENTIATION USING REMOTELY SENSED DATA - 
The rock differentiation may be carried out on the computer 
screen by human interpretation of the Aster images. This is 
a promising way in particular if the human operator is very 
experienced. To increase the degree of automation within 
the mapping process the tools of image classification can be 
employed. The analysis depends mainly on discriminating 
among the existing rocks types using their mineralogical 
composition, as illustrated in the processing workflow (fig. 
3). The selected minerals are chosen based on the previous 
mineralogical studies of this area and confirmed by field 
visits. There were similarities in the mineral compositions 
of different rock formations, such as the Agha-Jahri sand-
stone formation and the Bakhtyari conglomerate formation, 
making it difficult to distinguish between them. Therefore, 
the analysis of the study area includes six sedimentary rock 
units, namely the salt plugs, Asmari, Gachsaran, Mischan, 
Agha-Jahri, Formations, and Quaternary sediments. Spec-
tral indices derived from the ASTER VNIR and SWIR 
bands could help to deduce different mineral compositions 
and also emphasize the spectral differences of target objects 
(Bachofer & alii, 2015). Therefore, a band ratio stacking 
with the ratios of 4/9-4/6-9/8 is used for differentiation be-
tween the six sedimentary rock units.

Band rationing has been widely used for lithological 
mapping due to its proven ability to produce distinct grey 
tones of imaged materials in certain ratios. A band ratio is 
created by dividing the digital number (DN) of one band 
by the corresponding DN of another band for each pix-
el (Drury, 1987). The majority of fractional values are be-
tween zero and two or three. Thus, for visibility reasons 
the ratios are often rescaled to produce ratio images with 
higher contrast. Another well-known effect of rationing is 
the reduction of the impact of shadow in the ratio images. 

Which band ratio is particularly suitable for enhancing a 
certain rock type or mineral depends on the dominance of 
the mineral in the reflected data. Spectral signatures give 
useful hints to decide about the bands used for rationing. 
Combinations of three band ratio images can be visualized 
as colour composites. Features or minerals show up in dis-
tinct colours in these stacked ratio images.

We decided to use calcite minerals to distinguish 
Phanerozoic units Oligocene-Lower Miocene carbonate 
rocks (Asmari and Gachsaran Formations). Consequently 
we used band ratio 9/8. Hematite and pyrite minerals dis-
criminate Precambrian rocks (salt plug) so we applied band 
ratio 4/9. Moreover, we selected glauconite, gypsum and 
kaolinite to discriminate between Phaneroyic units Upper 
Miocene to Pliocene sandstone (Agha-Jahri Formation) 
and Middle Miocene rocks (Mischan Formation). There-
fore band ratio 4/6 has been used. 

The selected band ratios depended on their ability to 
identify the spatial signature of minerals characterizing the 
rock unit. The reflectance spectra of minerals were well 
known and catalogued, for example, in the USGS Digital 
Spectral Library (Clark & alii, 2007). The fact that rocks rep-
resent a complex mixture of materials limits the direct uti-
lization of these spectra in remote sensing analysis. The use 
of the spectra is further reduced by the fairly broad band-
width and the low number of spectral bands of ASTER. 

To increase the degree of automation within the map-
ping process, we used image classification methods. In 
this study an Unsupervised Classification was conducted 
to show the different sedimentary classes in stacked lay-
ers. The majority of unsupervised classifications applied 
in this kind of studies are based on the Iterative Self-Or-
ganizing Data Analysis Technique (ISODATA) algorithm. 
The ISODATA algorithm was conducted using 7 classes 
and 10 maximum iterations and a convergence threshold 
of 0.95. The convergence thresholds of 0.95 stop the pro-
cessing when 95% or more of the pixels remained in the 
same cluster between iterations. In the study we applied an 
ISODATA based unsupervised classification to get a first 
approximation of the spatial distribution of the lithological 
units and surface substrates.

STOCHASTIC MODELING OF GULLY EROSION - In this in-
vestigation the maximum entropy model (MEM) (Phillips 
& alii, 2006), is applied to predict the spatial distribution 
of gully susceptibilities and to reveal the most influencing 
triggering factors. MEM was successfully applied in envi-
ronmental studies dealing with presence only data (Elith 
& alii, 2006; Howard & alii, 2012; Vorpahl & alii, 2012; 
Hosseini & alii, 2013; Zakerinejad & Maerker, 2014). MEM 
is one of the most commonly used methods for inferring 
species distributions and environmental tolerances from 
occurrence data and allows users to fit models of arbitrary 
complexity (Phillips & alii, 2006; Warren & Seifert, 2011). 
MEM provides a compressed description of data that is 
maximally noncommittal with respect to missing (un-
specified) information (Jaynes, 1957; Wainwright & Jordan, 
2008). In recent studies the method was used to predict 
the spatial distribution of soil erodibility, landslides and 
gullies using terrain parameters as independent variables 

FIG. 3 - Flow chart showing the different steps of the mineral mapping 
approach.
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(e.g. Maerker & alii, 2014; Zakerinejad & Maerker, 2015; 
Mahamane, 2015). To assess the lithologic and surface sub-
strate characteristics responsible for the spatial distribution 
of gully erosion features in this study we applied the Max-
ent version 3.3.3k (http://www.cs.princeton.edu/~schapire/
maxent/). The model requires presence only data and a set 
of environmental variables which are continuously distrib-
uted in spatial extent (Zakerinejad & Maerker, 2014). In 
this case the probability distribution of gullies is estimated 
using the presence of gully features (dependent variable) 
and environmental predictor variables (independent vari-
able) delineated from ASTER spectral information (single 
bands and ASTER band ratios). 

We selected the six SWIR bands (4-9) and the SWIR 
band ratios (4/6; 4/9; 9/8) (fig. 3) as input features for the 
analysis. Finally, MEM also yields information on the im-
pact of each predicator variable on the final model. MEM 
was trained and tested using a sample of 80% and 20%, 
respectively, of localities (cases) showing gully erosion phe-
nomena. The gully features sample set was collected using 
the aerial photos (2003), Google earth (GE) and field sur-
vey at different locations of the study area in 2012.

MODEL VALIDATION - The performance of the model 
has been evaluated using the receiver operator characteristic 
(ROC) curve for training and test data. Values close to 1 in-
dicate that the model prediction is perfect, while values near 
or below 0.5 indicate a random prediction (Phillips & alii, 
2006). In a ROC curve the true positive rate (sensitivity) is 
plotted over the false positive rate (1-specificity) for all possi-
ble cut-off points (Swets & alii, 2000). The area under curve 
(AUC) is a summary measure of the accuracy of a quanti-
tative diagnostic test. According to (Hosmer & Lemeshow, 
2000), AUC values exceeding 0.7/0.8/0.9 indicate accept-
able/excellent/outstanding predictions. The contribution of 
the most important variables for the model is illustrated in 
the variable importance graph. Moreover, a jackknife graph 
which is a resampling technique especially useful for vari-
ance and bias estimation explores the variables with the 

greatest contribution to explain the distribution model and 
its importance when used alone (Phillips & alii, 2006; Elith 
& alii, 2011). Finally, we also show the most important vari-
ables plotted as a susceptibility or probability over the range 
of the variable parameters, identifying the relevant parts of 
the specific spectra contributing to the model.

RESULTS AND DISCUSSION

In the following section, we illustrate the results of the 
band ratio analysis to differentiate among the main lith-
ological units using the mineral composition most appro-
priate for each rock unit. Then, we use the resultant band 
ratios describing the lithological units in an unsupervised 
classification to achieve a better spatial resolution of the 
geological units. Finally, we describe the results of the 
MEM approach utilized for the assessment of the relations 
between gully location and spectral band or band ratios.

Spectral band ratios and related lithology

Based on the geological map, the following band ratios 
were attributed to specific lithological units. The first band 
ratio 4/6 (fig. 4) best describes the Agha-Jahri Formation 
appearing in dark color due to its high concentration of 
glauconitic minerals (Bosak & alii, 1998), whereas the 
presence of gypsum and kaolinite minerals in the Mischan 
Formation produces a grey to light grey color (fig. 4). Gyp-
sum deposits at the distal part of the salt plug zone are also 
discriminated well. Band ratio 4/9 especially characterizes 
Precambrian rocks because of their high contents in pyrite 
and iron minerals (hematite) (Bosak & alii, 1998). This rock 
unit appears darker than other rocks (fig. 5). Band ratio 
9/8 identifies carbonate rocks with brighter color (white 
color) than other rock types. The rocks units (Asmari and 
Gachsaran Formations) are shown with white to light grey 
color in the scene, indicating their high carbonate content, 
whereas weathered minerals like gypsum and kaolinite 

FIG. 4 - Ratio of band 4/6 of the 
MZJ catchment.

https://en.wikipedia.org/wiki/Resampling_(statistics)
https://en.wikipedia.org/wiki/Variance
https://en.wikipedia.org/wiki/Variance
https://en.wikipedia.org/wiki/Bias_of_an_estimator


100

occur with dark grey to black color, especially in alluvial 
deposits (black color) (fig. 6).

In experiments with different band ratio stackings, we 
found that the color composite (4/9 R,4/6 G and 9/8 B) 
reveals subtle differences between the Asmari, Agha-Jahri 
and Mischan Formations on the one hand, and the salt 
plug and Quaternary rocks, on the other (fig. 7). Further-
more, the Asmari Formation appears in pale blue colors, 
the Agha-Jahri Formation in dark blue to purple, the Mis-
chan Formation in dark yellow, the Gachsaran Formation 
in white, the Precambrian rock appears in blue to greenish 
blue, and the Quaternary deposits in brown to dark brown. 
The unsupervised classification is used as a first approx-
imation of the lithological units using the stacking layer, 
as shown in fig. 8. The results of this classification cannot 
differentiate between Precambrian rocks and the Upper 
Miocene to Pliocene Agha-Jahri Formation in red. Addi-
tionally, the Mischan Formation is not well represented in 
this layer, with its pale blue and yellow color, since it is con-

centrated in very narrow strips occurring in the northeast 
and southwest of the study area adjacent to the Gachsaran 
Formation (Mol member). Moreover, the similarity of the 
mineral components of both formations makes it difficult 
to differentiate these units.

Nevertheless, this classification has distinguished the 
Asmari Formation in dark blue and the alluvial sediments 
(Quaternary deposits) into two classes (red and green). The 
reddish units are more related to the gypsum and kaolinite 
minerals which are represented by the main minerals com-
ponents of the Agha-Jahri and Precambrian rocks. Instead 
the green color belongs to areas with low amounts of salt 
and gypsum deposition, especially in flat areas. Comparing 
field data from the gully locations and the results of this 
map we see that many gullies features are found in suscep-
tible lithologies with high kaolinite, gypsum and salt con-
centrations. These components are mostly related to the 
Agha-Jahri formation, salt plugs and Precambrian rocks 
(fig. 8). However, a proper supervised classification was not 

FIG. 5 - Ratio of band 4/9 of the 
MZJ catchment.

FIG. 6 - Ratio of band 9/8 of the 
MZJ catchment.
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possible due to a lack of field survey and the low scale of 
available geological maps. 

Maxent modeling

In this research the Maxent model was applied to assess 
the relation between gully locations and ASTER spectral 
bands and/or band ratios representing specific lithologies. 
Moreover, the generated model was used to predict the 
susceptible areas for gully erosion in the MZJ catchment 
(fig. 9).To evaluate the performance of the applied model 
and its predictions, the data were divided randomly into 
training and test subsets, hence creating quasi-independent 
data for model testing (Fielding & Bell, 1997). Model re-
sults were evaluated using the ROC curves both for train-
ing and test data. According to fig. 9, the AUC values for 
training and test data are 0.97 and 0.96 respectively, in-
dicating an outstanding model performance (Hosmer & 
Lemeshow, 2000). The most important variables indicating 
gully erosion are shown in tab. 1. The highest contribution 

to the model is band ratio 9/8, followed by band ratio 4/6 
and band 7. 

To get a proper insight into the main variables influ-
encing the model results, we performed a jackknife test 
(fig. 11). The relevance of the band ratios and single bands 
for the modeled gully susceptibility can be identified in 
fig. 11. Based on to these results, band ratios 9/8 and 4/6 
are the most effective in predicting susceptible gully areas. 
The important role of the band ratio 9/8 can be explained 
by the high content of siliceous material in alluvial deposits 
illustrated by dark grey to black color (fig. 5). Moreover, we 
analyzed partial dependency plots as univariate response 
curves by calculating non-parametric regressions from 
predicted values for single continuous predictor variables 
as a basis for interpreting the effect of predictors. Figure 
12 shows the response curves for the important variables 
(band ratio 9/8, band ratio 4/6 and band 7). With regard to 
fig. 12a (X and Y axis shows band ratio and Probability of 
presence respectively), the band ratio 9/8 graph shows high 
probabilities below 0.80 and above 1.10. For the band ratio 
4/6 values between 0.90 and 0.97 are related to high prob-
abilities (fig. 12b), while band 7 is characterized by values 

FIG. 7 - Stacking (4/9, 4/6, 9/8)-RGB of the MZJ catchment. FIG. 8 - Unsupervised lithological classifications of the MZJ catchment.

FIG. 9 - Predicted gully erosion susceptibilities in the MZJ basin.

SPECTRAL BANDS
OR BAND RATIOS

PERCENT
CONTRIBUTION

PERMUTATION
IMPORTANCE

Band 9/8 54.6 46.4
Band 4/6 17.8 1.8
Band 7 14.4 2.4
Band 8 5.2 6.8

Band 4/9 4.6 14.6
Band 9 1.9 6.6
Band 4 1 3.8
Band 5 0.4 1.8
Band 6 0.2 15.8

TABLE 1- The important variables.
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FIG. 10 - Area under ROC curve for validation of gully suitability model. FIG. 11 - Jackknife test evaluating the relative importance of environmental 
predictors.

FIG. 12 - Responses curves of the most important predictors in the study area (band ratio 9/8, 4/6 and band7) - X and Y axis shows DN and Probability 
of presence respectively. 
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above 200 (Digital Number of the band) indicating higher 
probabilities (fig. 12c). 

Prediction of gully erosion
Susceptibilities

Figure 9 illustrates the spatial distribution of gully sus-
ceptibilities according to the lithology represented by dif-
ferent spectral bands and/or band ratios. Generally, it is 
shown that mountainous areas are less susceptible to gully 
erosion processes which in turn are mainly concentrated 
in the alluvial and colluvial parts of the catchment. Con-
sequently, gullies occur especially in the plain areas in the 
west and east of the catchment (fig. 8). The locations of gul-
lies highly correlate with the red signature especially in the 
plain/alluvial areas also revealed by GE image interpreta-
tion and a field survey conducted in March, 2012. 

According to the predicted probabilities, the most sus-
ceptible areas for gullying are in the southwestern, west-
ern and eastern parts of the study area. These areas are 
characterized by Quaternary alluvial sediments where 
high amounts of salt, marl and gypsum are found and are, 
therefore, more susceptible to concentrated water erosion 
processes. Very high Electrical Conductivity (EC) and so-
dium adsorption ratio (SAR) values of soil samples mea-
sured in these areas indicate a high sodium content which 
amplifies gully erosion, as shown by various authors in the 
past (Faulkner & alii, 2003; Masoudi & Zakerinejad, 2010; 
Shahrivar & alii, 2012).

CONCLUSION

In this study we assessed the relation between lithology 
represented by different spectral bands and band ratios of 
the ASTER multispectral sensor, on the one hand, and gully 
locations mapped in the field and GE image interpretation, 
on the other. First, we identified the ASTER multispectral 
bands and band ratios that describe specific lithologies 
characterized by particular mineral compositions using 
the existing geological maps. With mineral differentiation 
analysis, different rock types like sedimentary rocks and 
Quaternary deposits in the ZM were distinguished. 

Furthermore, we used the identified bands and band ra-
tios with an unsupervised classification method in order to 
get a higher detailed geological differentiation of the area. 
Particularly the flat alluvial and colluvial parts are distin-
guished in a much greater detail and hence reveal a specific 
relation between gully sites and lithologic characteristics 
given by spectral band combinations. In the last step, we as-
sessed these relations to reveal gully locations using a MEM 
approach developing a model that showed a strong influ-
ence of the band ratios 9/8 and 4/6, as well as band 7. This 
spectral information indicates high salt and sodium content, 
and hence high SAR and EC values, making the substrates 
particularly prone to gully erosion. The MEM model shows 
an outstanding performance for training and test data and is 
considered as a robust prediction tool. Finally, a map show-
ing the spatial distribution of susceptible areas for gully 

erosion was derived, and it matches well with the gullies 
mapped by GE image interpretation and field survey. 

The Maxent results showed that there was good corre-
spondence between the locations of predicted gully areas 
and the results of mineral differentiation analysis using 
ASTER data. Gully features were mainly located in areas 
of alluvial deposition with loosely consolidated sediments 
and high kaolinite, gypsum and salt content. 

In fact, the prevention of gully erosion is much easier 
and cheaper than trying to control it. With a predicted 
gully erosion map, it is much easier to identify prone areas 
and prevent against further soil loss. Therefore, prevention 
should be incorporated into all schemes of land manage-
ment, in particular the identified prone areas in this part of 
the ZM of Iran. In this study we have shown that through 
the mineral differentiation analysis using ASTER data one 
of the main triggering factors for soil erosion and gullying 
in particular can be assessed with high spatial accuracy. 
However, all other factors like topography, climatic con-
ditions and landuse land cover change should not be ne-
glected and incorporated in further research to assess their 
degree of influence of the single driving factors and the 
sensitivity of the area towards these factors.
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