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 Land-use has always been one of the most important factors through which man has 
affected his environment and historically, the most important land-use change made by 

man has been eliminating grasslands and turning them to agricultural lands and 

settlements. In recent years, data of remote sensing and geographical information 
system have been widely used in identification and analysis of land-use and land-cover 

changes. Accurate illustration of forms of the surface of the land provides a better 

understanding of relation and reaction between man and natural phenomenon for a 
better management of sources. Kurdan's watershed area and regions around it and its 

headwater have been located in Alborz province. In this research, in order to review the 

land-use and land-cover changes of the area, Landsat photographs of four periods 1984, 
1994, 2006 and 2011 were chosen. After doing the preprocess stages on these 

photographs (geometrical, radiometric, and band combination correction), the range-use 

maps were provided in 7 class of agricultural land-use, dense grasslands, semi-dense 
grasslands, low-dense grasslands, built lands and garden by using a supervised 

classification and maximum likelihood algorithm (MLC) and the pattern of changes of 

each of the uses during 27 years were reviewed. The area of these classes in use map 
was determined, compared and reviewed for each year. The results of reviewing use 

changes show that in Kurdan area, lands built in the year 1984 have changed from 

23.82 km2 to 83.02 in the year 2011 which means that in fact, the vegetative cover has 

reduced in the stage of destruction and surface of grasslands and has turned into built 

and agricultural lands. 
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INTRODUCTION 

 

 Land-use change is one of the important factors in changing the hydrologic current, erosion of area and 

destruction of biodiversity. Thus, we can take some steps towards conducting the ecosystem balance by being 

aware of the process of land-use change [1]. Land-use changes will be prominent as one of the main challenges 

and some even believe that its impacts are more severe than the climate change phenomenon [9].  

 By using a remote sensing we can do the required review and measurements on the earth's biophysical 

sources in a specific time and spatial scale [8]. Digital properties of the remote sensing data is the reason for 

which the computer systems are able to use this data directly and geographical information systems and 

processing systems of satellite data have been designed and prepared with this ability. Several studies and 

reviews about measuring and monitoring land-use and cover-use changes in various time periods have been 

done by using remote sensing. Using geographical information systems and data obtained from remote sensing 

can be effective in situations in which the perspective changes over the time as a result of processes such as 

erosion, deforestation and growth of urban regions and so on and receiving spatial patterns, analysis of the cause 

of changes, evaluation and prediction of the impacts caused by these changes and modeling them [5].  

 Several studies and reviews about measuring and monitoring land-use and cover-use changes in various 

time periods have been done by using remote sensing. A sample of these reviews is the global programs of 

human dimensions of changes of the environment, geosphere and biosphere and land-use and land-cover 

changes which have reviewed the land-use changes as an international program from 1995 to 2005 in local, 
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regional, national and international levels [3]. In this field, several researchers have illustrated land-use and 

land-cover changes of various regions of the world by using various methods of photograph processing and 

proper spatial analysis in geographical information system [2] and [6].  

 Therefore, evaluating and modeling land-use changes by using remote changes in a GIS environment can 

provide a proper recognition of how changes of land-use occur and provide proper strategies in managing it [7] 

and [4].  

 

MATERIALS AND METHODS 

 

Studied region: 

 Kurdan's watershed area and regions around it and its headwater have been located in Alborz province. This 

area leads to Taleghan river area from north, Karaj area from east and Shahrood and Alamoot area from west 

and the old Tehran – Qazvin road and Hashtgerd Tip plain from south. In terms of erosion, the area is of the 

groove, mass movements and surface erosion kind and its erosion intensity is medium. Watershed area of the 

Kurdan river is 480km
2
 wide and it has been located in geographical position of '55 ˚35 to '05 ˚36 north latitude 

and '45 ˚50 to '05˚51 east longitude(Figure 1). According to the Domarten climate showing method, the studied 

region has a macro climate of the semi-arid, Mediterranean and semi-humid kind. The rate of average annual 

rainfall of the Kurdan watershed area is 450mm and the average of annual temperature is 14.5ºC. The soils of 

the research range include Entisols and Inceptisols rows.  

 

 
IRAN  KORDAN 

 

Fig. 1: Geographical position f Kurdan watershed area. 

 

Research method: 

 In order to review the land-use changes in the region, techniques of GIS and remote sensing have been 

used. Given the purpose of the research, first Landsat photographs of TM and ETM sensors of four periods 

1984, 1994, 2006 and 2011 were chosen. In order to do the used orthorectification of satellite images, 

topography maps 1:25000 of country's mapping organizations, compliance of contour lines and GeoEye satellite 

images with a spatial resolution better than 1m were used. Then, for each image, correction of the radiometric 

error was done. In the following, by considering the analysis of the correlation matrix, it was specified that the 

best band combination for TM images are bands 1, 3 and 4 and for ETM+ 2, 3 and 4. These bands have the least 

correlation among all bands in the above images and therefore, they reflect the most data. After selecting the 

best band combination, ground control points (GCP) were provided in such way that it was attempted so that 

most of the samples were sampled from homogenous regions. It is noteworthy that in this sampling, the map 

obtained from normalized difference vegetation index (NDVI) was used in a desirable way so that spectral 

values of the pixels of the image would be compared to educational samples and therefore, the pixels would be 

put in separable classes. Ultimately, classification accuracy of the above images was measured with the aim of 

two Kappa and overall accuracy indexes and acceptable results were obtained based on percentage.  

 Given the available information from the area and preparation of educational samples with the help of GPS 

and by using a supervised classification with the Maximum Likelihood method, use maps of the area for the 

above four periods in 7 class of agricultural land-use, dense grasslands, semi-dense grasslands, low-dense 

grasslands, built lands and garden were made in the environment of ENVI4.7 software and the change pattern of 

each of the uses was reviewed during the four periods. 

 

Results: 

Preprocessing of satellite images: 

 As it was mentioned in previous sections, for geometric correction, satellite images of the year 2011 was 

the closest neighbor of geometric correction by using 17 spots of land controls with a half-pixel geometric error 
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(RMS=0.45). Then, the images of the years 1984, 1994 and 2006 became reference according to the image of 

the year 2011 and the obtained geometric error for these images respectively are 0.35, 0.39 and 0.43. In order to 

increase the accuracy of geometric correction, compliance of contour lines and GeoEye satellite images were 

used. In order to do the radiometric error and correcting the scan line by filling the gaps accurately, Gap-fill 

algorithm was used for interpolation of pixels with no value in locations without information [10]. In the 

Landsat ETM+ image of the year 2006, it was attempted to omit these lines in the ENVI software.  

 

Preparation of normalized difference vegetation index (NDVI) map: 

 After doing the preprocess stages on these images (geometric correction, radiometric, illustration and band 

combination) in order to specify the vegetative index (type and density), the NDVI method was used in this 

research. And the rate of density for vegetative covers for the area has been calculated. Then, by using the 

produced NDVI maps, educational samples were prepared for the other periods that are being reviewed (figures 

2 to 5).  

 

 
 

Fig. 2: NDVI map associated with TM in 1984           Fig. 3: NDVI map associated with TM in 1992 

 

 
 

Fig. 3: NDVI map associated with TM in 2006   Fig. 4: NDVI map associated with TM in 2011 

 

Classification and preparation of land-use map of the area: 

 In the following, by using a supervised classification method and Maximum Likelihood algorithm, the land-

use and land-cover maps of the four time periods of Kurdan watershed area in 7 use classes of agricultural land-

use, dense grasslands, semi-dense grasslands, low-dense grasslands, built lands and garden were provided. 

Figures 6 to 9 show the land-use and land-cover for the four periods that are being studied. Area and area 

percentage of the land-use classes and comparison between the four periods, 1984, 1994, 2006 and 2011 of 

Kurdan watershed area have been provided in table no. 1 and graph 1.  
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Fig. 6: land-use and land-cover map of Kurdan watershed area in the year 1984. 

 

 
 

Fig. 7: land-use and land-cover map of Kurdan watershed area in the year 1994. 

 

 
 

Fig. 8: land-use and land-cover map of Kurdan watershed area in the year 2006. 
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Fig. 9: land-use and land-cover map of Kurdan watershed area in the year 2011. 

 
Table 1: Area and area percentage of land-use and land-cover classes of the reviewed periods of Kurdan watershed area 

Year Area and percentage of 

changes 

Agricultural Wasteland Dense 

grassland 

Semi-

dense 
grassland 

Low-dense 

grassland 

Garden Built 

land 

1984 Area (km2) 386.31 135.34 21.96 87.16 342.29 293.30 23.82 

Area percentage 28.95 10.64 1.73 6.85 26.91 23.05 1.87 

1994 Area (km2) 386.18 138.99 24.67 80.02 336.57 268.81 37.05 

Area percentage 30.35 10.92 1.94 6.29 26.45 21.13 2.91 

2006 Area (km2) 390.45 164.81 24.84 70.26 330.31 232.73 59.92 

Area percentage 30.69 12.59 1.87 5.52 25.96 18.29 4.71 

2011 Area (km2) 393.67 159.16 24.87 58.04 32907 224.44 83.02 

Area percentage 30.94 12.51 1.95 4.56 25.87 17.64 6.53 

 

 
 

Graph 1: comparison of the percentage of land-use and land-cover changes in the four reviewed time periods. 

 

Discussion: 

 Today, the most common method for providing the map of land-use changes is using the remote sensing 

technology which shows the location and rate of changes throughout the time. Therefore, in order to illustrate 

land-use changes in each period compared to the previous period and also over 27 years that are reviewed, land-

use changes in ArcGIS and ENVI software were used. As it is specified in maps extracted during the years 

1984, 1994, 2006 and 2011, the most spatial changes in uses of Kurdan watershed area has happened in 

agricultural lands, grasslands and built lands.  

 The most important land-use change, which has happened during 1984 to 1994, is conversion of about 9 

km
2
 of lands with low-dense meadow cover to built lands; 8km

2
 of agricultural lands have also changed their 

uses to built lands. Thus, the most areas of use change during this 10-year period have turned into built lands. 
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Since 1984 to 2006 (second reviewed time period), land-use changes in Kurdan watershed area have happened 

with more intensity and reviewing the prepared use maps of this watershed area is a good evidence of this. The 

largest use change throughout this 13-year period has been the conversion of 18.48 km
2
 of grasslands with semi-

dense cover to grasslands with low-dense cover. After that, 17.71 km
2 

of low-dense grasslands have changed 

their uses which is a considerable amount. In the final period reviewed in this research, which is 2006 to 2011, 

the same overall process of use changes of the previous period can be seen to a large extent. 15.15 km
2
 of dense 

grasslands has turned to semi-dense grasslands. 14.93 km
2
 of agricultural lands have changed their uses to built 

lands. Among other important and considerable changes is the conversion of 14.65 km
2
 of low-dense grasslands 

to built lands during this 6-year period. Among other use changes that have happened in Kurdan watershed area 

during the years 2006 to 2011, use change of 3.84 km
2
 of low-dense grasslands to wastelands, 3.35 km

2
 of semi-

dense grasslands to garden, 3.18 km
2
 of semi-dense grasslands to low-dense grasslands, 1.57 km

2
 of dense 

grasslands to low-dense grasslands and 0.84 km
2
 of semi-dense grasslands to built lands (table 1).  

 In order to achieve an overall and comprehensive view of the pattern of land-use changes of Kurdan 

watershed area throughout 27 years, land-use maps of the years 1984 and 2011 were compared with each other. 

Reviewing the results of this comparison reflects the truth of land-use changes of the studied area well; a truth 

that was happening in country's watershed areas and we must pay attention to it with more consideration and 

better programming. A brief look at the pattern of happened changes show that in Kurdan area, dense vegetative 

and meadow covers are reducing and turning into agricultural and built lands. Conversion of dense grasslands to 

semi-dense and low-dense ones, semi-dense grasslands to low-dense ones and low-dense grasslands to 

agricultural and urban lands and wastelands are the overall process of land-use changes in Kurdan watershed 

area.  
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