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Land use is one of the factors affecting the rate of soil erosion and land revenues. The hand with the 
designated land use for sustainable development can be achieved. This study has been done using 
economic analysis and Geographic Information System (GIS) in Zaremrud watershed, located in north 
of Iran. To estimate the amount of erosion in the watershed area, EPM model in GIS environment was 
used. Existing land uses in the watershed include various types of cultivation, forest lands and 
gardens. So, if the lands use changes, only the lands use agent will change in the EPM model and 
hence it is possible to investigate the impact of land use change in erosion and sediment rate using an 
experimental model. Three EPM models for Zaremrod watershed, only with difference in point awarding 
for farms and gardens (locations with land use variability and type of tillage) prepared in GIS 
environment and erosion rate were compared for these three models qualitatively and quantitatively. 
Land use changes, especially dry lands and gardens, one can to reduce erosion rate considerably. On 
the other, revenues and expenses of each tillage pattern in the watershed was investigated and the 
tillage pattern is taken to maximize revenue by reducing erosion was selected. The results showed that 
tillage rotation can increase production rate and farmer �s income and also can be useful for soil 
conservation and the rotation of rape and rice is the best tillage pattern in the study area. 
  
Key words: Erosion, land use, GIS; tillage rotation, land revenues. 

 
 
INTRODUCTION 
 
Soil erosion phenomenon was exacerbated when 
humans began exploiting nature. With increasing human 
demand for food and other supplies, the erosion rate was 
increased. It should be noted that the soil is one of the 
country's natural resources. In effect of improper and 
uncontrolled use of natural by human, and soil gradually 
eroded and loses its fertility. Erosion not only cause to 
the poor and abandoned farms, rangelands and forests, 
but the deposition of material in  streams,  reservoirs  and  
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reduce their intake capacity enters irreparable damage. 
On the other hand, using correct and appropriate land 
use, one can increase the income of the residents, and 
reduce erosion as well. Prolonged or accelerated erosion 
events cause irreversible soil losses, thus reducing soil 
ecological functions such as biomass production and 
filtering capacity (Gobin et al. 2004). The land use was 
defined on the basis of vegetation cover density, 
agricultural practice, and crop type (Klimes and Rios 
Escobar, 2010). Often the methods used to establish 
land-use planning overestimate voluntarily the hazard 
(Jaboyedoff et al., 2005). Dorner et al. (2008) presented 
a methodology to identify externalities related to land  use  



 
 
 
 
and run-off and describe the relevant cause-effect 
relations and how they can be modeled. Destroying of the 
vegetation makes a reduction in the resistance of the soil 
to erosion (Bergkamp, 1998; Zierholz, 1997; Prosser and 
Williams, 1997; Wilson, 1999; Rosso et al., 2007). Hence, 
vegetation reduces soil resistance to erosion and 
increase runoff production (Gholami and khaleghi, 2013). 
Since soil erosion is a product of few different interacting 
factors, particularly in cultivated areas where human 
influences are predominant, there is not a simple model 
to assess all the contributing elements in the same time 
(Bissonnais et al., 2002). EPM is an empirical model to 
estimate the quantity and quality of sediment. In fact 
quantifying and digitalizing the sediment data is an 
important breakthrough in sediment assessment models 
development (Nearing et al., 1999). Forecasts of 
anticipated future conditions required for landscape 
planning and public policy will improve as scientists come 
to understand the slow variables that constrain fast 
ecological and economic processes (Andrea et al., 2010; 
Carpenter and Turner, 2000; Clark et al., 2001). Many 
studies have been carried out on the land use planning 
(Jaboyedoff et al., 2005; Raetzo et al., 2002; Klimeˇs and 
Rios Escobar, 2010), modern agricultural applications for 
optimizing land use strategies with multiple objectives 
(Ant ´on et al., 2012; Agrell et al., 2004; Hengsdijk and 
van Ittersum, 2002), for reservoir management (Chang et 
al., 1995) and  for the optimization of crop distributions 
(Groot et al., 2007) and for incentives for the application 
of river buffer strips (Borin et al., 2010). In Iran, wheat is 
one of the main cereals for human consumption. Wheat 
grains containing Zearalenone can cause genital problem 
and reproductive disorders in domestic animals. Barley is 
one of the main livestock foods. Fusarium spp. causing 
head blight on barley in Mazandaran (Niazmand et al., 
2000). Rapeseed was grown as a second crop in rotation 
after rice in the Mazandran Province. Rapeseed Straw 
(Brassica napus L.) is widely cultivated throughout the 
world and used as a major oilseed for vegetable oils and 
biodiesel production. As a result of high demand for 
vegetable oils and biodiesel, the worldwide planted area 
for Rapeseed Straw increases continuously. Soybean is 
an annual legume and producing for edible oil and 
feeding livestock. Its crude protein content ranges from 
4o% to 50%. The most popular soybean varieties in 
Mazandaran province are Sari and Telar. Despite of high 
mean annual precipitation, 72% of farmers irrigate the 
farms by flooding irrigation system that led to water 
wastage and losses energy and lower yield; on the other 
hand 28% had pressurized irrigation system. Rice is the 
staple food in Iran. The total area under rice is more than 
600 000 ha. However, more than 260000ha of rice area 
is distributed in the Mazandaran and Giluan. It is 
estimated that 265000 ha those in Mazandaran province. 
Also, Iran exported more than 35,000 tons of citrus fruits 
valued at $20.8 million to 36 countries in 2008. Iran is the 
largest producer of berries and stone fruits  in  the  world.  
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Potato is another tillage pattern in the study area. Today, 
farms has undergone major soil-use and management 
changes in recent years, moving away from mixed crop 
and livestock production systems to more agriculturally 
intensive uses (Degioanni, 2000), with an increasing 
proportion of soybean in the crop rotation that is easily 
exported at international prices, territorial concentration, 
exclusion of small farmers and employment loss in the 
rural sector (Pengue, 2005). Several papers have 
recently been published concerning the use of GIS tools 
for the studyof land use planning (Carrara et al., 1995; 
Salvi et al., 1999; Ju et al., 2012). In Bryan and 
Crossman (2008), with a Geographic Information System 
(GIS) and spatial multi-criteria analyses for efficient local 
management action they maximize environmental 
benefits and minimize economic costs. The spatial 
analysis power of GIS has been widely used to assess 
land use suitability by mapping and analysis (McHarg, 
1969; Hopkins, 1977; Collins et al., 2001; Malczewski, 
2004). This study aimed to find policies in the crops and 
in the measures to conserve the Zaremrod watershed. So 
the authors have obtained methods of interactive analysis 
that they think conform to realities and therefore may be 
an aid to set and evaluate coherent solutions in planning. 
Diverse real policies could be made in the future for these 
areas, and they will depend on the demand and prices of 
products. The purpose of the study was to determine the 
desired tillage pattern while reducing erosion and 
increasing incomes. 
 
 
METHOD AND MATERIALS 
 
The Zaremrud watershed encompasses an area of about 
862km² and is located in northern Iran within the limits of 
eastern longitude 51° 32

'
 38

"
to 51° 38

'
 20

"
 and northern 

latitude 35° 51′ 20
"
 to 35° 57′ in the southern part of 

Mazandaran province (Figure 1). The area’s climate is 
humid and moderate, with an average annual 
precipitation of 790 mm and average temperature of 
15°C. Minimum and maximum elevations of watersheds 
are 267m and 3070m respectively. Measurement of 
sediment rates recorded in the station at the watershed 
outlet is estimated 1.162 ton per hectare per year, 
considering that 15% of the load, as thebed load, 
sediment rate in the Zaremrud watershed will be 1.33 
ton/ha/year.  

The present study has been carried out by using GIS, 
satellite images and field studies. In this study, to erosion 
mapping and determination of annual erosion, the EPM 
model is used. The model required data layers EPM are 
lithology, land use, watershed erosion coefficient and 
slope, respectively. First, each of these layers was 
prepared in GIS. For geology map, hen the necessary 
scores accrued to each formation. To access slope map, 
topographic map is used. Digital Elevation Model (DEM) 
of   the  watershed  is  provided  and  then  slope  map  is  
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Figure 1. Position, sub-basin and hydrographic network of Zaremrod watershed. 

 
 
provided from DEM map. In the next step, in GIS sub 
basins were identified by DEM and basin area was 
divided into 8 sub-basins, the area of each of them does 
not exceed 200 km (Table 1). Zaremrod watershed and 
sub-basin hydrographic network can be seen in Figure 1. 
Average slope and other parameters required for each 
sub-basin in GIS (Arcview-GIS) data layers were 
determined corresponding to each of the transformed 
raster formats (Raster). The Ψ factor of each sub-basin 
was used by field and aerial survey was conducted and is 
presented in Table 1. In this study basins as units were 
considered. It is important to note that previously for land 
use and lithology layers, the average score for each sub-
basin were considered, But with the creation of the GIS, 
the location of each of the units is your real point, in other  
words, with conversion of vector layers to raster layers to 
perform the calculations is not necessary to obtain the 
weighted average of lithology and land use. The land use 
map in Figure 2 and the scores are presented in Table 4. 
Each of the four factors of EPM models in GIS 
environment provided and then these layers were 
converted to raster layers for running EPM model in the 
GIS. After overlaying four raster layers, EPM model in 
Arcview software was run as Equation (1): 
  
Z = Y. Xa (Ψ + I 0. 5)                      (1) 
 
The result is a raster layer containing Z or erosion rate 
which is presented in Figure 3 as Zaremrod watershed 
erosion map. Then the following relations sedimentation 
rates were calculated using EPM model. Where, Y is 
susceptibility of rock and soil to erosion, Xa is land use 
coefficient, Ψ is Erosion coefficient of sub-basin and I is 

mean watershed slope. The volume of soil erosion is 
calculated using the following Equation 2 in this method. 
 
WSP = T. H. π. Z1. 5                                    (2)  
 
Where: 
H is mean annual rainfall (mm), π is 3. 14, WSP is the 
volume of soil erosion (m

3
/km2/yr) 

T is coefficient of temperature which is calculated using 
Equation 3: 
 
T = (t/10 + 0. 1)0. 5     (3) 
 

Where: T is mean annual temperature 
The sediment production rate in this model is 

calculated based on the ratio of eroded materials in each 
section of the stream to the total erosion in the whole 
watershed area (Equation No. 4) 
 

Ru= 4 (P. D) 0. 5 /L+10    (4) 
 

Where: P is circumference of the watershed, L is water-
shed length (km), D is height difference in watershed 
area (Km), after calculation of Ru value, and the special 
sediment rate is estimated by Equations 5 and 6: 
 

GSP = WSP. Ru                (5) 
GS = GSP. A                         (6) 
 

Where: GSP is special sediment rate, WSP is volume of 
special erosion, Ru is coefficient of sedimentation. GS is 
total sediment rate (m

3
/yr), A is total watershed area 

(Km
2
).Then multiply the amounts Ru and Wsp, special 

sediment rate GSP obtained in terms m
3
/year/km

2
.  
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Figure 2. Zaremrod watershed and the distribution of land use. 

 
 

 
 
Figure 3.The Intensity Erosion map of Zaremrod watershed for current conditions. 
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Table1. Required parameters for each sub basins for EPM model. 
 

Basin 
length 
(Km)  

Height of 
outlet Do)( 

Perimeter  

km   

The 
average 

elevation 
)m(  

Average 
slope(percent) 

Ψ 

Index  

Area 
(Km

2
) 

Sub-basin  

31.75 267 74.46 576.3 0.09 0.4 179.7 1 

9.16 792.8 25.1 994.7 0.1 0.4 26.9 2 

24.72 797.9 65.77 1184.7 0.16 0.4 163.7 3 

29.2 792 80.72 1443.2 0.2 0.3 161.6 4 

13.25 1018.1 32.74 1791.2 0.26 0.2 38.07 5 

22.9 1029.9 62.1 1776.7 0.2 0.2 182.4 6 

9.38 1606.7 27.05 2345.8 0.25 0.2 45.47 7 

17.74 1607 43.25 2211.7 0.19 0.1 67.1 8 

90.25 267 227.72 1392.4 0.17  - 861.9 Total 

 
 

Table 2. The average values of the coefficient of erosion intensity (Z) or the coefficient of erosion intensity of three model of EPM for 
three type of land use changes. 

 

Total 8 7 6 5 4 3 2 1 Sub-basin 

0.224 0.117 0.357 0.31 0.151 0.182 0.222 0.107 0.215 Current Conditions (Model 1) 

0.214 0.113 0.327 0.286 0.144 0.177 0.214 0.106 0.212 
Garden and seasonal crops planted on 
contour lines (Model 2) 

0.17 0.096 0.209 0.187 0.114 0.156 0.181 0.102 0.194 
Conversion of dryland farms and gardens 
to permanent farms(Model3) 

 
 
Also, the deposition rate of the SDR (Sediment Delivery 
Ratio) for EPM model using existing graphs based on the 
area of each sub-basin and the soil texture was 
calculated. Existing land uses in the watershed, in land 
uses map, can be seen in Figure 2. Forest land should be 
preserved for future generations, but decisions can be 
made about the crop irrigated and rainfed orchards as 
well as the type of culture. In EPM model with any 
conversion of the dry land farms and gardens to 
permanent crops, land use factor or Xa rating will be 
reduced and thus reduces the rate of erosion and 
sedimentation. So, in addition to the existing model for 
conditions in the Zaremrod watershed, two other EPM 
model only with changes in crops and orchards were 
implemented in GIS to estimate the amount of erosion 
and sedimentation. Model (1) corresponds to the situation 
in the basin and model (2) for the cultivation system on 
the contours and model 3 is devoted to a permanent 
dryland crops and seasonal crops.The three models differ 
only in the type of land use or privilege Xa were prepared 
for erosion and sediment changes. Moreover, the income 
and expenses of each land uses were obtained with field 
operations and the data (Table 3) so that one can be 
selected the desirable tillage pattern to increase the 
incomes of the people. In the study area, 8 tillage 
patterns are observed. The farmers cultivate  Wheat (dry 
land), Barley (dry land) , Rapeseed (paddy field), 
Soybean (summer planting), Neda and Nemat Rice, 
Sunflower (dry), Citrus groves  and   Potato.  Statistics  of  

agriculture and gardens costs and revenues is presented 
in the Table 5. Costs is includes all costs of planting, 
harvesting, spraying, fertilizing, irrigation, crop insurance 
(Agriculture Jahad Ministry of Iran, 2012). 
 
 
RESULTS 
 
EPM model in our various basins used for erosion and 
sediment studies and the results obtained are 
acceptable. The four factors considered in this model are 
the main causes of erosion including erosion coefficient 
of watershed, land use coefficient, susceptibility of rock 
and soil to erosion and mean watershed slope. GIS was 
used to determine the factors and parameters required 
for EPM model in the ArcView software and are 
presented in Table 1. At a later stage, after preparation 
and scoring the four layers of geology, land use, 
watershed erosion and slope coefficients, this model has 
been implemented in GIS environment and erosion 
intensity map of Zaremrod watershed was produced 
including the (Z values or coefficient) erosion rates for 
each place. Zaremrod watershed land use map in is 
presented in Figure 2, and types of land uses and their 
scores in EPM model are presented in Table 4. The 
mean Z values for the three models implemented in GIS 
environment are presented in Table 2 indicates that 
changes in the rate of erosion is caused by changes in 
land use. Three models for watershed only with  changes  



                                                                                     Gholami et al          223 
 
 
 

Table3. The analysis of the costs and incomes (different tillage pattern) in the Zaremrod watershed (in a hectare). Costs is 
includes all costs of planting, harvesting, spraying, fertilizing, irrigation, crop insurance (Agriculture Jahad Ministry of Iran, 2012). 
 

 

Culture Type 

Total 
cost($) 

Income  

($) 

Land rental 

 fees ($) 

Net income after Subtraction of the 
costs and land rental fees ($) 

Wheat (dry land) 94.1 236.3182 22.72727 142.2182 

Barley (dry land) 76.16 170.4545 18.18182 94.28864 

Rape (paddy field) 136.88 221.5909 68.18182 84.70455 

Soybean(summer planting) 308.58 254.0909 136.3636 No income 

Neda and Nemat rice 648.67 859.3636 250 210.6936 

Sunflower (dry) 142.99 100.1818 77.27273 38.26364 

Citrus groves 671.11 682 to 1364  - Almost no economic justification 

Potato 210.8864 886.3636  - 675.4773 

 
 

Table 4. The scores of land uses and tillage pattern change of Zaremrod watershed in EPM model. 
 

Mark Current land use 
Rate the model 1 

(Current conditions) 
Rate the 
model 2 

Rate the 
model 3 

B-h Forest lands 0.1 0.1 0.1 

DF Dry land Agriculture 0.9 0.7 0.4 

O Plant trees and gardens 0.8 0.7 0.4 

IO Agriculture and Gardening 0.8 0.7 0.4 

R2 Semi-intensive Grassland 0.5 0.5 0.5 

R1 intensive pasture 0.3 0.3 0.3 

Rd Mixed pasture and dry farming 0.4 0.4 0.4 

I2 Irrigated agriculture, with restrictions 0.7 0.7 0.4 

I1 Irrigated agriculture without restrictions 0.7 0.7 0.4 

 
 
 

Table 5. The calculated erosion and sediment rates for Zaremrod watershed by EPM model. 
 

Changes in the     
land use and tillage 

Current land use 

(model1) 

Garden and seasonal crops 
planted on contour 

lines(Model 2) 

Conversion of dryland 
farms and gardens to 

permanent farms 
(Model 3) 

Sediment
year

ha
ton

 
method= Ru 1.2289 1.136 0.786 

  method= SDR 1.1971 1.1093 0.774 

 
 
 
in tillage pattern on farms and gardens only at the 
watershed level Zaremrod were implemented in GIS 
environment which the result is Zaremrod watershed 
erosion intensity map. Erosion intensity map for present 
conditions is shown in Figure 3. Erosion intensity maps 
have been presented in the two cases of second 
(contoured farm lands) and third (seasonal farms convert 
to permanent tillage) models in Figures 4 and 5 
respectively. After calculating the average values of the 
coefficient of erosion intensity (Z) or the coefficient of 
erosion intensity any of the sub-basins, using the 
equations, the obtained sediments of all three models 
using Ru and SDR were calculated separately and were 
presented in Table 5.  

DISCUSSION AND CONCLUSION 
 
Sustainable development of agriculture and natural 
resources is not possible continue to benefit unless from 
the rational use of them. For the sustainable development 
of agriculture and horticulture, we need to protect soil and 
water resources. Land use is of the main factors affecting 
the rate of soil erosion. The estimated specific deposits 
by EPM model using Ru or sedimentation rate is equal to 
1.228 tons per hectare per year and using SDR is equal 
to 1.197 tons per hectare per year. Considering that 15% 
of the load, as the bed load, sediment rate in the 
Zaremrud watershed will be 1.33 ton per hectare per 
year. Therefore, using Ru will more accurate results  than  
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Figure 4. The Intensity Erosion map of Zaremrod watershed using EPM model (Model 2, Planting on contour lines). 

 
 
 

 
 
Fgure 5. The Intensity Erosion map of Zaremrod watershed using EPM model (Model 3, Conversion of dryland farms and 
gardens to permanent farms). 
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SDR. Changes in land use and tillage pattern in the fields 
and gardens, the rate of erosion and the resulting 
sediment will be substantially reduced. In model (2) 
where the farms and gardens considered as fields in 
which they are planted along the contours, the erosion 
intensity map of this model is presented in Figure 4. As 
can be seen in this map, land development declined with 
types of severe and very severe erosion rate and 
estimated sedimentation rate in the model using Ru 
reduced to 92% of the current conditions namely 1.136. 
In model (3), use of dry land farms and gardens to 
permanent farms, it can be seen that the map of erosion 
rate (Figure 5) erosion class (I) or there would be very 
severe erosion and range of erosion class (II) or severe 
erosion is not significant. Estimated sedimentation rate 
for this model using Ru will be reduced to 64% of the 
current conditions, in other words 0.768 ton per hectare 
per year. Thus, the conversion of (dry and irrigated) 
farms and orchards to permanent farms in the Zaremrod 
watershed, the amount of erosion and sedimentation will 
reduce substantially especially if permanent crops 
planted on contour lines occurs. But the main point in 
order to achieve the goal is public participation and 
adoption of land use changes by local farmers. Table 3 
presents variety of land uses in agriculture in the 
Zaremrod watershed. The purpose of this study is to 
provide suitable use for that part of the basin, which is 
dedicated to gardens and farms and it is desirable to use 
the same land use to increase revenues, reduce soil 
erosion. Therefore, the establishment of permanent crops 
in the Zaremrod basin, as crop rotation of rice and 
rapeseed during a year, can be concluded that the 
reduced soil erosion and increased earnings. As the 
paddy fields in the basin is a shift in culture and as the 
watershed conditions and potential crops such as canola, 
establishment of permanent crops and crop rotation can 
result in sustainable development of agriculture. 
Unfortunately, because the lack of government support in 
buying and pricing horticultural products, cultivation of 
citrus orchards in the basin have no income for 
gardeners. Crop rotation can be increase production rate 
and income and also that can be useful for soil 
conservation. The crop rotation of rape and rice can 
increase the farmers income and them production. Rape 
generates nitrogen and rice consumes it. So, the summer 
tillage of rice and the winter tillage of rape is one of the 
best selections in the study area. Crop rotations, soil type 
and residue management were effective factors for better 
soybean yield. The basic pattern for crop rotation in 
Mazandaran province is wheat-soybean but, many 
farmers use canola-soybean in their cropping system 
(Qasemi Kordkheili et al., 2013). Tillage rotation can 
increase farmer’s income and decrease soil erosion 
(Pengue, 2005). So, we should encounter and train the 
native farmers to perform tillage proper pattern. This goal 
can be earned with governmental supports and efforts 
the aim of sustainable development.  

ACKNOWLEGMENT 
 
The authors thank Mazandaran Regional Water 
Company and TAMAB (Researches Organization of 
Water Resources) and Agriculture Jahad Ministry of Iran 
for providing the data of discharge, maps and for helping 
us with data preprocessing. 
 
 
REFERENCES 

 
Agrell, P. J., Stam A., Fischer G. W. (2004). Interactive 

multi-objective agro-ecological land use planning: The 
Bungoma region in Kenya. Eur. J. Oper. Res., 158(1): 
194–217. 

Agriculture Jahad Ministry of Iran. (2012). The economic 
and agricultural data of Mazandaran Province. 

Bissonnais, Y.L., Montier, C., Jamagne, M., Daroussin, 
 J., King, D. (2002). Mapping erosion risk for cultivated 
soil in France. J. Catena, 46(2-3): 207-220. 

Andrea, M.D., Fiorucci, P., Holmes, T.P. (2010). A 
stochastic Forest Fire Model for future land covers 
scenarios Assessment. J. Nat. Hazards Earth Syst. Sci, 
10: 2161–2167. 

Anton, J.M., Grau, J.B., Cisneros, J.M., Laguna, F.V., 
Aguado, P.L., Cantero, J.J., Andina, D., Sanchez, E. 
(2012). Continuous multi-criteria methods for crop and 
soil conservation planning on La Colacha (R´ıo Cuarto, 
Province of Córdoba, Argentina). J. Nat. Hazards Earth 
Syst. Sci., 12, 2529–2543. 

Bergkamp, G. (1998). A hierarchical view of the 
interactions of runoff and infiltration with vegetation and 
micro topography in semiarid shrub lands. J. Catena, 
33: 201-220. 

Borin, M., Passoni, M., Thiene, M., Tempesta, T. (2010). 
Multiple functions of buffer strips in farming areas. Eur. 
J. Agron., 32,103–111. 

Bryan, B.A., Crossman, N.D. (2008). Systematic regional 
planning for multiple objective natural resources 
management. J. Environ. Manage, 88(4): 1175-89. 

Carrara, A., Cardinali, M., Guzzetti, F., Reichenbach, P. 
(1995). GIS technology in mapping landslide hazard. 
Geographical Information Systems in Assessing 
Natural Hazards, Dordrecht, The Netherlands, Kluwer 
Academic Publishers, Pp.135–175. 

Chang, N.B., Wen, C.G., Wu, S.L. (1995). Optimal 
management of environmental and land resources in a 
reservoir watershed by multi-objective programming. J. 
Environ. Manage, 44(2): 145–161. 

Collins, M.G., Steiner, F.R., Rushman, M.J. (2001). Land-
use suitability analysis in the United States: historical 
development and promising technological 
achievements. J. Environ. Manage, 28 (5), 611–621. 

Degioanni, A., Camarasa Belmonte, A., Moreno Sanz, F. 
(2000). Bases Metodologicas para la Evaluacion, Uso y 
Gestion Sostenible de los Recursos Agrarios. 
Aplicacion a la cuenca Santa Catalina (Argentina). In:  



226          Res. J. Agric. Environ. Manage. 
 
 
 

Tecnolog´ýas Geograficas para el Desarrollo 
Sostenible, Asociacion de Geografos espanoles. 
Universidad de Alcala de Henares(Eds.), Madrid, 
Espana, Pp.290–311. 

Dorner, W., Porter, M., Metzka, R. (2008). Are floods in 
part a form of land use externality? J. Nat. Hazards 
Earth Syst. Sci., 8:523–532. 

Gholami, V., Khaleghi, M.R. (2013). The impact of 
vegetation on the bank erosion (Case study: Haraz 
river). J. Soil  Water Res. 8 (2013):No3. In press 

Gobin, A., Jones, R., Kirkby, M., Campling, P., Govers, 
G., Kosmas, C., Gentile, A.R. (2004). Indicators for 
pan-European assessment and monitoring of soil 
erosion by water. J. Environ. Sci. Policy, 7: 25–38. 

Groot, J.C.J., Rossing, W.A.H., Jellema, A., Stobbelaar, 
D.J., Renting, H., VanIttersum, M.K. (2007). Exploring 
multi-scale trade-offs between nature conservation, 
agricultural profits and landscape quality, A 
Methodology to support discussions on land-use 
perspectives, Agriculture. J. Ecosys. Environ, 120(1): 
58–69. 

Hengsdijk, H., vanIttersum, M.K. (2002). A goal-oriented 
approach to identify and engineer land use systems. J. 
Agri. Syst., 71: 231–224. 

Hopkins L. (1977). Methods for generating land suitability 
maps: a comparative evaluation. J. Am. Inst. Planners, 
34: 19–29. 

Klimes, J., Rios, Escobar, V. (2010). A landslide 
susceptibility assessment in urban areas based on 
existing data: an example from the Iguana Valley, 
Medellin City, Colombia. J. Nat. Hazards Earth Syst. 
Sci., 10: 2067–2079. 

Jaboyedoff, M., Dudt, J.P., Labiouse, V. (2005). An 
attempt to refine rock fall hazard zoning based on the 
kinetic energy, frequency and fragmentation degree. J. 
Nat. Hazards Earth Syst. Sci., 5: 621–632.  

Ju, C.Y., Jia, Y.G., Shan, H.X., Tang, C.W., Ma, W.J. 
(2012). GIS-based coastal area suitability assessment 
of geo-environmental factors in Laoshan district, 
Qingdao. J. Nat. Hazards Earth Syst. Sci., 12: 143–
150. 

Malczewski, J. (2004). GIS-based land-use suitability 
analysis: a critical Overview. J. Prog. Plann, 6: 3–65. 

McHarg, I. L. (1969). Design with Nature, Wiley, New 
York. 

Nearing, M.A., Govers, G., Norton, L.D. (1999). Variability 
in soil erosion data from replicated plots. Soil Sci. Soc. 
Am. J., Pp.1829-1835. 

Niazmand, A.R., Torabi, M., Ershad, J., Zamanizadeh, H. 
R. (2000). Etiology of fusarium head blight of barley in 
Mazandaran province.  J. Seed. Plant, 16(1): 19-29. 

 
 
 
 
 
 

 
 
 
 
Pengue, W.A. (2005). Transgenic Crops in Argentina: 

Ecol. Soc. Debt, Bull. Sci., Technol.Soc. 25: 4, 314–
322. 

Prosser, I., Williams, L. (2011). The impact of wildfire on 
runoff and erosion in native Eucalyptus Forest, J. 
Hydrol. Process, 12: 251-265. 

Qasemi Kordkheili, P., Kazemi, N., Hemmati, A., Taki, M. 
(2013). Energy input-output and economic analysis for 
soybean production in Mazandaran province of Iran, J. 
Agric. (Elixir), 56: 13246-13251.  

Raetzo, H., Lateltin, O., Bollinger, D., Tripet, J.P. (2002). 
Hazard assessment in Switzerland-Code of practice for 
mass movements, Bull. Eng. Geol. Environ., 61: 263–
268. 

Rosso, R., Cristina Rulli, M., Bocchiola, D. (2007). 
Trancient watershed hydrology after wildfires in à 
Mediterranean basin: runoff, sediment and Woody 
debris, J. Hydrol. EarthSyst. Sci., 11(1): 125-140.  

Salvi, S., Quattro chi, F., Brunori, C. A., Doumaz, F., 
Angelone, M., Billi, A., Buongiorno, F., Funiciello, R., 
Guerra, M., Mele, G., Pizzino, L., Salvini, F. (1999). A 
multidisciplinary approach to earthquake research: 
implementation of a geochemical geographical 
information system for the Gargano site, southern Italy, 
J. Nat. Hazards, 20: 255–278. 

Williams, J.R. (1975). Sediment-yield prediction with 
Universal Equation using runoff energy factor, Present 
and Prospective Technology for Predicting Sediment 
Yields and Sources. ARS-S-40, US. Department of 
Agriculture, Agri. Res. Service, Pp.244–252. 

Wilson, C.J. (1999). Effects of logging and fire on runoff 
and erosion on highly erodible granite soils in 
Tasmania, J. Water Resour. Res, 35(11) : 3531-3546. 

Zierholz, C. (1997). The effect of fire on runoff and soil 
erosion in Royal National Park, New South Wales. 
Masters Thesis. Australian National University, 
Canberrra, Australia, p.126. 

 
 


