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1. Abstract 

Designing control measures to mitigate gully erosion requires understanding and recognition of 
dominant processes acting on gullies and also classification of gullied regions based on their morphoclimatic and 
soil characteristics.  In this research, gully erosion with an area larger than 5 sq.km was recognized using 
historical evidence and field suryeying. The climate of the regions affected by gully erosion was determined by 
modified De-martons method.  In each climatic zone, two regions were selected and in each region at least three 
representative gullies were selected to measure fifteen variables. The variables include gully length, top and 
bottom width, depth of headcut, area of gully erosion, elevation above sea level, average annual rainfall, clay, 
silt, sand, SAR, Ca, EC and slope. Cluster analysis using average method was used to classify the regions 
affected by gully erosion. In order to compare similar groups of gullied regions, variance analysis and mean 
comparison were used in the SPSS software. 

The results of this research indicated that six regions were affected by intensive gully erosion in 
Golestan province. The gullies were formed dominantly in cold and mild arid and semi-arid climates. The soil 
texture was dominantly silt loam. The depth of the gullies varied between 1 and 8 meters. The view plan of the 
gullies was linear and their headcuts view plans were rounded and digitated. 

Using cluster analysis we classified the gullies into three groups.  The first group included the regions 
number 1 (Alagoul) and (Hajighosan) with the similarity level larger than 97 percent. The second group included 
the  regions number 2 ( Damagh) and 6 (Tamarghozi) with the similarity level larger than 95 percent. The third 
group involved regions number 3 ( Maraveh-tappeh) and 4 (Arabgrahaji) with the similarity level larger than 57 
percent. The important factors for separating homogenous regions include elevation above sea level, particle size 
(sand) and chemical soil properties such as Ca and Ec. The third group had longer, wider and deeper gullies in 
relation to other groups although there was no significant difference between them. The geology of the third 
group was loess and its land use was poor rangeland. The results indicate that overgrazing on Loess hilly areas in 
Golestan province produce more surface runoff and intensive deeper and wider gullies. 
Keywords: gully erosion, morphoclimatic, soil, characteristics, Iran, Golestan, control measures, overgrazing 
 
2. Introduction 
 Gully erosion is a widespread feature in the arid and semiarid regions around the world.  This form of 
erosion has received much less attention and has been recognized as a major source of sediments in USA, 
Australia, Europe and China (Foster, 1982; Prosser, 1991 and Poesen et al., 2003; Zhang et al., 2007). Gully is 
an erosion channel which can not be obliterated by normal operation tillage (Soil science society of America, 
2001) and as a steep side channel with a cross sectional area larger than 1 square foot that is formed due to 
intermittent flow or runoff after snow melt (Poesen et al., 2003). Gully erosion had a great impact on the faster 
drainage of soil moisture and ground water in the arid and semiarid regions ( Avni, 2005 and Neyssen et al., 
2004).  This phenomenon accelerated desertification in the prone areas such as Iran. Gully erosion was triggered 
by human exploitation of natural ecosystems in different forms such as forest clear cutting, rangeland change to 
rain fed farm, urban development, road construction in recent century in different parts of the world 
(Starr,1989;Melville and  Erskine, 1986;Eyles, 1977; Prosser and Slade, 1994; Prosser, 1991; Nachtergaele, 
2001; Fulkner , 1995; Moyerson, 2000; Croke and Mockler, 2001). This phenomenon is critical in I.R.Iran.  This 
research was done in the northeast of Iran, Golestan provice. The aim of this research was to determine the 
distribution of major regions with gully erosion. This research was a part of national plan starting in 2002 and 
planed to provide a data bank about gully erosion in this province.   
 
3. Methods  

This research was carried out in Golestan province, the northeast of IR. Iran. The regions with gully 
erosion area larger than 5 km2 were determined using historical and anecdotal evidence and field surveying. The 
climate of gully regions was determined using Demarton's classification.  In each climatic zone, two regions with 
gully erosion were selected and in each region at least three representative gullies were selected to determine 
fifteen variables. The variables include gully length, top and bottom width, depth of headcut, depth of gully in 
the middle, area of gully erosion, elevation above sea level, average annual rainfall, clay, silt, sand, SAR, Ca, EC 
and slope above headcuts. Cluster analysis using average method was used to classify the regions affected by 
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gully erosion.  In order to compare similar groups of gullies, variance analysis and mean comparison were used 
in the SPSS software.  Other characteristics of regions including physical conditions of regions such as annual 
and 24-hour rainfall, temperature, soil depth and structure, vegetation, physiographic features such as slope 
gradient, drainage area, morphometric characteristics of gullies such as width, depth, length, shape of cross-
sections, present and old land use around gullies, alternative controls applied to control gully development and 
damages due to gully erosion were recorded by completing a questionnaire for each gully.  
 
4. Results 

Gully erosion covered over 600 square kilometers in the Golestan province.  Although gully erosion 
was observed in 12 climates based on the modified Demartons' classification, most of the gullies occurred in arid 
and semiarid climates with loess soil. From six regions with extensive gully erosion, four have semiarid climate.   
Soil texture is dominantly silty loam in regions with dominant gully erosion. Gullies were formed dominantly in 
poor rangeland and rain fed farms that have appeared due to rangeland change. Most of the gullies are lateral,i.e. 
that means they are formed around natural drainages.  They are deep and wide because their normal depths were 
more than 1 meter  and their width  was at least 5 meters.  The length of the gullies varies between 50 and 1100 
meters.  Most of the gullies formed on the loess.   

Statistical analysis revealed that the standard error between variables was not high between regions with 
dominant gully erosion, so there was no need to standard data. Cluster analysis of data classified the gullies of 
the Golestan province into three groups. The first group included the regions number 1, Alagoul, and number 5, 
Hadjighoshan, with the similarity level larger than 97%.  The second group included regions number 2, Damagh, 
and number 6, Tamarghozi, with the similarity level larger than 95%. The third group involved regions number 
3, Maraveh-tapeh, and number 4, Arabgharahaji, with the similarity level larger than 57% (Figure 1).   

Comparison of the mean of the measured variables between three groups of gullies in the Golestan 
province indicated that there was no significant difference between three groups in view point of gully length, 
median depth, top and bottom width, headcut depth, average annual rainfall, clay, silt, SAR and gradient slope 
above headcuts but there was significant difference between elevation above sea level(P<0.05), sand(P<0.05) , 
Ec(P<0.05) and Ca(P<0.01) between gully groups(Table 1). 
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Figure 1 Classification of the Golestan gullies using Cluster analysis 

 
Group 1:  region number 1, Alagoul and number 5, Hadjighoshahn 

Climate is mild arid in region no.1 and mild semi arid in region no.5. Geologic formation is loess and 
alluvial in region 1 and 5, respectively.  The length of the gullies is between 60 and 160 meters.  The general 
view plan of the gullies is linear and for the headcuts it is rounded. The shape of the cross-sections was U-
shaped.  Mean depth of the gully was 1 meter in no 1 and 4m in no 5.  Mean W50/D50 was 5 in region no 1 and 
2.2 in region no 5.  Gradient slope above headcuts was 4% in region no 1 and 12% in region no 5.  Soil texture is 
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loam in region no. 1 and  silty loam in region no. 5. Present landuse was poor rangeland in region no. 1 and 
medium rangeland and rainfed farms in region no. 5.  
Group 2: region number 2, Damagh and number 6, Tamarghozi 

Climate is cold arid in region no.2 and mild semi arid in region no.6. Geologic formation is alluvial and 
loess in region 2 and 6, respectively.  The length of the gullies is between 50 and 180 meters.  The general view 
plan of the gullies are digitated in region no. 2 and linear in region no. 6  and for the headcuts it is rounded  and 
notched, respectively. The shape of cross sections was trapezoid.  Median mean depth of the gully was 5.5 meter 
in no 2 and 3 .5m in no 6.  Mean W50/D50 is 3.5 in region no 2 and 2.5 in region no 6.  Gradient slope above 
headcuts is 6% in region no. 2 and 22% in region no 6.  Soil texture is silty loam in both regions. Present landuse 
is poor rangeland in region no. 2 and rain fed farms in region no. 6.  
Group 3: region number 3, Maraveh-tapeh and number 4, Arabgharahaji  

Climate is cold semiarid in both regions. Geologic formation is loess and Loess-shale in region 3 and 4, 
respectively.  The length of the gullies between 100 and 1100 meters.  The general view plan of the gullies is 
linear and for the headcuts it is notched. The shape of cross sections is U-shaped.  Median mean depth of the 
gully is 6m in no 3 and 7m in no 4.  Mean W50/D50 is 5 in region no 3 and 2.3 in region no 4.  Gradient slope 
above headcuts is 8.5% in region no 3 and 9% in region no 4.  Soil texture is silty loam in both regions. Land use 
was rain fed farms in region no. 3 and rain fed and poor rangeland in region no. 4. 
 The results of this research revealed that chemico-physical characteristics of soil could be used to classify 
gullies in the Golestan province.  This part of the country is very susceptible to concentrated soil erosion and 
produces a lot of sediment that would be detrimental to downstream water bodies.  
 
 

Table 1 Comparison of mean measured variables among the classified groups of gullies in the Golestan 
province, northeast Iran 
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5. Conclusion 
In the Gol 
estan province, two out of six watersheds, Atrak and Gorgan river watersheds, experienced extensive 

gully erosion. The total area that covered by gully erosion was over 600 km2. Gully erosion occurred in arid and 
semiarid climates. Most of the gullies in Golestan province formed and developed on the loess sediments. 
Cluster analysis classified Golestan gullies into three groups. Differentiation of three groups of gullies in 
Golestan province was related to the chemico-physical characteristics of soil and elevation above sea level.  It 
seems that less Ca and Ec in the soil of the third group of Golestan gullies contributed creation of the longest and 
widest gully in Maraveh-tapeh region that produced a huge amount of sediment. 
 
6. References 
 
Avni, Y., 2005. Gully incision as a key factor in desertification in an arid environment, the Negev highlands, 

Israel, CATENA,63, 185-220.  
Croke, J. and Mockler, S., 2001. Gully Initiation and Road-to-Stream Linkage in a Forested Catchment,  
Eyles, R.J.,1977. Changes in Drainage Networks Since 1820, Southern Tablelands. N.S.W., Australian 

Geographer,Vol.13: 377-386.  
Faulkner, H., 1995. Gully Erosion Associated with the Expansion of Unterraced Almond Cultivation in the 

Coastal Sierra De Lujar, S. Spain. Land Degradation and Rehabilation 9, 179-200. 
Foster, G.R., 1982. Channel erosion within farm fields.ASCE specially conference. Las Vegas. NV.   
Melville, M.D. and Erskine, W.E., 1986. Sediment Remobilisation and Storage by Discontinuous Gullying in 

Humid Southeastern Australia. In: R.F. Hadley (Ed.), Drainage Basin Sediment Delivery, Alboqueque, 
New Mexico, IAHS, 159: 277-286.  

Moeyersons, J., 2000. Desertification and Man in Africa. Bulletin of the Royal Academy of Overseas Science, 
Brussels 46, 151–170. 

Nachtergaele, J., 2001. A Spatial and Temporal Analysis of the Characteristics, Importance and Prediction of 
Ephemeral Gully Erosion. Unpubl. PhD thesis, Department of Geography– Geology, K.U. Leuven, 255 
pp. 

Nyssen, J., Poesen, J., Moeyersons, J., Deckers, J., Mitiku, H., Lang, A., 2004. Human impact on the 
environment in the Ethiopian and Eritrean highlands- a state of the art. Earth Science Reviews 64(3-4), 
273-320. 

Prosser, I.P. and Slade C.J., 1994. Gully Formation and the Role of Valley-Floor Vegatation, Southeastern 
Australia. Geology, 22: 1127-1130. 

Prosser, I.P.,1991. A Comparison of Past and Present Episodes of Gully Erosion at Wangraph Creek, Southern 
Tablelands, New South Wales.Australian Geographical Studies, 29:139-154.  

Starr, B., 1989. Anecdotal and Relic Evidence of the History of Gully Erosion and Sediment Movement in the 
Michelago Creek Catchment Areas NSW. Australian Journal of Soil and Water Conservation, 2(3): 26-32. 

Poesen, J., Nachtergaele, J., Verstraeten, G. and Valentin, C., 2003, Gully erosion and environmental change: 
importance and research needs, Catena 50:91-133. 

Soil  Science Society of   America. 2001,   Glossary of Soil Science  Terms. Soil Science  Society of America, 
Madison, WI, http://www.soils.org/sssagloss/. 

Zhang, Y., Wu, Y., Liu, B., Zheng, Q., Yin, J., 2007. Characteristics and factors controlling  the development of 
ephemeral gullies in cultivated catchments of black soil region, Northeast China. Soil and Tillage 
Research, 96, 28-41. 

 
 
 
 

 4

http://www.soils.org/sssagloss/

