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ABSTRACT: The maps of altitude, geology, vegetation cover and land use were prepared and classified as the main 
criteria to locate soil and water conservation programs. Analytical Hierarchy Process (AHP) was used to determine 
the relative priorities of these criteria by pairwise comparison. All the thematic maps were then integrated using the 
overlay process in Geographical Information System (GIS) and the final map of soil erosion risk was produced. Results 
indicated that vegetation cover was given the highest weight (0.494). The geology was assigned the second highest 
weight (0.313), as the main cause of initiation of the erosion of erodible lands. Land-use change has a local influence 
on soil erosion, so it was assigned the third weight (0.151). Altitude is a low-impact variable for predicting the water 
and soil conservation areas.
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Soil and water resource protection are clearly 
crucial for productive and sustainable economies 
and environments. Both soil and water resources 
can be threatened by processes of soil erosion and 
sediment redistribution (Owens, Collins 2006). 
In order to preserve sensitive areas, appropriate 
land use types should be applied according to land 
cover classification, and illegal opening and cut-
tings must be prevented (Bozali et al. 2008).

Although soil erosion is a physical process with 
considerable variation globally in its severity and 
frequency, where and when erosion occurs is also 
strongly influenced by social, economic, political and 
institutional factors. The prevention of soil erosion, 
which means reducing the rate of soil loss to approxi-
mately that which would occur under natural condi-
tions, relies on selecting appropriate strategies for soil 
conservation, and this, in turn, requires a thorough 
understanding of the processes of erosion (Morgan 
2005). The undesirable effect of erosion may not be 
significant in a short time, but it will be clear in a long 
time. Erosion and soil loss are the main adverse ef-
fects causing a decrease in soil fertility and yield pro-
duction, deposition materials in waterways, irrigation 
channels and rivers, declining dam capacity, flooding 
and environmental pollution and closing roads (Ver-

straeten, Poesen 2001). With integration and ap-
plication of statistical approaches and GIS techniques, 
specific quantitative models to assess and predict soil 
erosion are also available (Wu, Wang 2007). The 
method uses GPS (Geographical Positioning System) 
and databases to capture field survey information that 
can be used in GIS to perform analyses that rely on 
the spatial coincidence of landscape characteristics to 
determine risks to ecosystems (Kim et al. 2004). 

In order to ensure sustainable management of the 
watersheds, it is required that the soil and water 
conservation programs should be located. For this 
purpose, the current conditions of the forests, in 
terms soil erosion potentials, should be analysed. 
This study presents a series of field studies and 
GIS-based spatial analysis, which were performed 
to investigate the main factors effecting the locat-
ing of soil and water conservation programs.

MATERIAL AND METHODS

Description of the study area

Measurements were carried out in Miana forest 
which is located in the deciduous northern forest 
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of Iran between 52°56'30'' to 52° 59'25'' east longi-
tude and 36°12’25’’ to 36°16’35’’ north latitude. An-
nual mean temperature is in the range of 12–14°C. 
Annual mean precipitation is between 900 and 
1,000 mm. The forest altitude ranges from 320 to 
1,060 m a.s.l. The general slopes are less than 50%. 
Soil textures range from loam to loamy silt and 
loamy clay. The study compartments have four 
types of soils consisting of undeveloped Rendzina, 
washed brown soil with calcic horizon, calcareous 
brown soil and brown soil with alkaline pH. The 
bedrock is limestone, calcareous sandstone, marl 
lime and calcareous conglomerate. The total area 
of Miana forest is 1,831 ha. For this area 10,800 m 
of roads were predicted in 1996.

Data collection

In this study, the main criteria influencing the locat-
ing of soil and water conservation programs are el-
evation above sea level, geology, vegetation cover and 
land-use factors. AHP developed by Saaty is a method 
that enables reaching a decision by using quantitative 
and qualitative data. Weighting was done through 
pairwise comparison questionnaires filled by forest 
experts. AHP is based on determining the relative 
priorities (weighting) of the criteria by pairwise com-
parison (Table 1). The Expert Choice Software was 
used for determining the priority of effective criteria 
on the locating of conservation programs. ArcGIS 9.2 
and IDRISI Andes 15.0 software packages were used 
as basic analysis tools for spatial analysis and data lay-
ers manipulation. A Digital Elevation Model (DEM) 
was generated with 20-m resolution in ArcMap, and 
some maps were obtained from surface analysis. Data 
were controlled by GPS in a field survey. 

The normalized difference vegetation index 
(NDVI) was calculated using Eq. (1).

NDVI =  	  (1)

where: 
NIR	– near infrared band (Band 4),
R	 – red band (Band 3) of the Indian Remote Sensing 

(IRS LISS III) digital image.

The spatial resolution of IRS images was 23.5 m 
and band lengths corresponded to the green, red, 
near infrared and middle infrared.

RESULTS AND DISCUSSION

During the analysis, vegetation cover was given the 
highest weight (0.494), because even though the envi-
ronment may be favourable to erosion, erosion cannot 
occur unless the soil is bare. The geology was assigned 
the second highest weight (0.313), as the main cause 
of initiation of the erosion of erodible lands. Land-use 
change has a local influence on soil erosion, so it was 
assigned the third weight (0.151). Altitude is a low-
impact variable for predicting the water and soil con-
servation areas, because it is an aggregate variable for 
precipitation and slope inclination effects, thus it was 
assigned the fourth weight (Table 2).

The upper lands of our study area receive more 
rainfall, so the erosion potential of soil is high. The 
impact of erosion depends also on the thickness 
of the topsoil. The upper land of mountainous ar-
eas has a thin soil cover while in the plain area the 

Table 1. Scale for pairwise comparison

Definition Degree of importance

Equal 1

Moderate 3

Strong 5

Very strong 7

Extreme 9

2, 4, 6 and 8 can also be used as degrees of importance among 
the mentioned scales Fig. 1. Altitude fraction map of the study area
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soil is deeper and so the hazard is less felt, because 
when a layer of a few centimetres of topsoil gets 
washed away from areas with a deep fertile soil the 
erosion is not usually perceptible (Masoudi et al. 
2006). More rainfall on the rock hill areas resulted 
in a larger soil loss as reflected also in the increas-
ing rate of soil detachment (Ande et al. 2009). 
More than 50% of the total area was represented by 
areas with an altitude range of 113–255 m (Fig. 1). 

Geologic structure and lithology are significant 
factors predisposing certain terrane to land slide. 
In fact, land sliding may be a dominant erosion pro-

cess in the northern forest of Iran (McKittrick 
1994). Fig. 2 shows that less than 20% of the total 
area is located within the geology class of L-M1. 

Vegetation provides a protective layer or buffer 
between the atmosphere and the soil by means of 
its canopy, roots, and litter components (Moham-
mad, Adam 2010). Many studies have emphasized 
the importance of vegetation cover in relation to 
soil loss. Cao et al. (2006) indicated that vegeta-
tion cover could significantly reduce the sediment 
yield from unpaved roads. The aboveground com-
ponents of the vegetation, such as leaves and stems, 
partially absorb the energy of the erosive agents of 
water and wind, so that less is directed at the soil, 
whilst the belowground components, comprising 
the rooting system, contribute to the mechanical 

Table 2. Judgement matrix and integrated weights of dominant factors in locating the soil and water conservation 
programs based on AHP

Criteria Altitude Geology Vegetation cover Land use Integrated weights

Altitude 1.00 0.14 0.12 0.17 0.042

Geology 7.00 1.00 0.50 3.00 0.313

Vegetation cover 8.00 2.00 1.00 4.00 0.494

Land-use 6.00 0.33 0.25 1.00 0.151

Inconsistency ratio: 0.06

Fig. 2. Geology fraction map of the study area
L-M1: the slope gradient is gentle, soil depth is higher 
than that of L-Pl2, and soil infiltration is lower than that 
of L-M1, the bedrock is marl; L-Pl2: the slope gradient is 
too high, soil depth is moderate, infiltration is good, and 
the bedrock is conglomerate and sandy lime; L-F: this 
region is faulty and unstable

Fig. 3. Vegetation fraction map of the study area
NDVI – normalized difference vegetation index
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strength of the soil (Morgan, Rickson 1995; Ja-
sinskas et al. 2011). The study area is covered by 
forest trees, shrubs, litter and herbaceous cover, so 
the most part of the area of the region has NDVI 
higher than 0.5 (Fig. 3).

Land-use change in forest areas has potentially 
multiple effects on the environment. So, in recent 
years, land-use conversion in forest areas caused by 
human activities has had critical influences on po-
litical, economic and society functions of the gov-
ernment. Land use in forest areas is the main and 
basic concept of forestry and indeed many forestry 
programmers in developed countries define it equal 
to environmental programming (Ebrahimzadeh, 
Lamso 2010). Land-use conversion is described as 
an effective process in forest areas. 

The reasons for this conversion which is fre-
quency occurred through human activities are the 
lack of basic program, inattention to sustainable 
development, lack of sustainable management and 
no attention to environmental limitations (Za-
dedalir, Malaki 2007). The effective factors for 
land-use change can be divided into juridical fac-
tor, economic factor and population factor. The 
population is the most important factor in land-use 
change and influences the other two factors. The 
population increase has brought about many prob-
lems for forest ecosystems. The results of a study 
in Iran showed that the land use has an important 
influence on tourism, because tourism is the basic 
activity and sensitive from environmental aspects. 
So, the conservation and maintenance of natural 
resources are essential to sustain and juice up rec-
reation areas (Esmaeil 2010). Less than 25% of the 
total area was represented by areas with distances 

shorter than 300 m from settlements (Fig. 4). All 
the thematic maps were then integrated using the 
overlay process in GIS. The equation used in GIS 
for the erosion risk modelling and for mapping the 
soil and water conservation areas is Eq. (2):

ER = 0.494 V + 0.313 G + 0.151 L + 0.042 A 	  (2)

In general, GIS is a technique that is used to es-
timate quantitative variables from remotely-sensed 
data. Less than 2% of the forest area is classified as 
very highly vulnerable to erosion (Fig. 6). This class 
is generally distributed in central and northern 
parts (Fig. 5).

CONCLUSIONS

In this study the maps of altitude, geology, veg-
etation cover and land use were prepared and clas-
sified. Maps were overlaid to obtain the soil erosion 
risk map. It has been concluded that vegetation 
cover was given the highest weight. The geology 
was assigned the second highest weight, as the 
main cause of initiation of the erosion of erodible 
lands. Land-use change has a local influence on soil 
erosion, so it was assigned the third weight. Alti-
tude is a low-impact variable for predicting the wa-
ter and soil conservation areas.

Fig. 5. Soil erosion risk map

Fig. 4. Land percentage under different risk classes of 
soil erosion

0

5

10

15

20

25

30

35

40

45

Very low Low Moderate High Very high

S
o

il
 e

ro
si

o
n

 (
%

)

Class of soil erosion

0

5

10

15

20

25

30

35

40

45

Very low Low Moderate High Very high

So
il 

er
os

io
n 

(%
)

Class of soil erosion

0

5

10

15

20

25

30

35

40

45

Very low Low Moderate High Very high

So
il 

er
os

io
n 

(%
)

Class of soil erosion

  Very low       Low     Moderate     High    Very high

  



J. FOR. SCI., 59, 2013 (2): 87–91	 91

R e f e r e n c e s

Ande O.T., Alaga Y., Oluwatosin G.A. (2009): Soil ero-
sion prediction using MMF model on highly dissected hilly 
terrain of Ekiti environs in southwestern Nigeria. Interna-
tional Journal of Physical Sciences, 4: 53–57.

Bozali N., Yuksel A., Akay A. (2008): Determining the 
main factors effecting the sediment yield from Derindere 
watershed of Sir Dam in Kahramanmaras by using GIS 
techniques. International Journal of Natural and Engineer-
ing Sciences, 2: 29–32.

Cao C., Chen L., Gao W., Chen Y., Yan M. (2006): Impact 
of planting grass on terrene roads to avoid soil erosion. 
Landscape and Urban Planning, 78: 205–216.

Esmaeil Z. (2010): Sustaining land use change in Karaj us-
ing remote sensing technique. Journal of soil Research, 
24: 82–88.

Ebrahimzadeh E., Lamso H.K. (2010): Analysis and evalu-
ation of land uses of village in Galogah-Babol using GIS. 
Research of Human Geography, 71: 1–18. 

Jasinskas A., Ulozeviciute I., Sarauskis E., Sakalaus-
kas A., Puskunigis M. (2011): Determination of energy 
plant chopping quality and emissions while burning chaff. 
Agronomy Research, 9: 49–61.

Kim K., Park H., Lee S., Woo I. (2004): Geographic informa-
tion system (GIS) based stability analysis of rock cut slopes. 
Geosciences Journal, 8: 391–400.

Masoudi M., Patwardhan A.M., Gore S.D. (2006): Risk 
assessment of water erosion for the Qareh Aghaj subbasin, 

southern Iran. Stochastic Environmental Research and Risk 
Assessment, 21: 15–24.

McKittrick M.A. (1994): Erosion Potential in Private For-
ested Watersheds of Northern California: A GIS Model. 
Sacramento, U.S. Geological Survey: 33.

Mohammad A.G., Adam M.A. (2010): The impact of vegeta-
tive cover type on runoff and soil erosion under different 
land uses. Catena, 81: 97–103.

Morgan R.P. (2005): Soil Erosion and Conservation. 3rd Ed. 
Oxford, Wiley-Blackwell: 304.

Morgan R.P., Rickson R.J. (1995): Slope Stabilization and 
Erosion Control: A Bioengineering Approach. London, 
Chapman and Hall: 274. 

Owens P.N., Collins A.J. (2006): Soil Erosion and Sediment 
Redistribution in River Catchments, Measurement, Mod-
elling and Management. 1st Ed. Wallingford, CABI: 342.

Verstraeten G., Poesen J. (2001): Modelling the long 
term sediment trap efficiency of small ponds. Hydrological 
Processes, 15: 2797–2819.

Wu Q., Wang M. (2007): A framework for risk assessment 
on soil erosion by water using an integrated and systematic 
approach. Journal of Hydrology, 337: 11–21.

Zadedalir K., Malaki S. (2007): Investigation of the urban 
land uses change in comprehensive plan of Eilam. Regional 
Geography Development Journal, 8: 65–93.

Received for publication October 8, 2012 
Accepted after corrections January 24, 2013

Corresponding author:
Mehran Nasiri, Sari Agricultural Sciences and Natural Resources University, Faculty of Natural Resources, 
Department of Forestry, Mazandaran Province, Sari, P.O. Box 737, Iran
e-mail: nasiry.mehran@yahoo.com


