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 Background: Population increase and its impact on natural ecosystem may lead to land 

use change and destruction of nature. Consequently, evaluation of the land use changes 
gives us an opportunity to plan and to manage the lands in order to reduce the 

destruction effects of the exploitation of the lands. Hence, detection and evaluation of 

the changes can be performed by remote sensing and geographical information system 
(GIS) with the least cost and time. Satellite images with their high spectral and spatial 

resolution as well as having various image processing techniques are able to estimate 

the lands use changes and to manage them. This study was an attempt to evaluate the 
percentage of the ground’s coverage and the land use changes in Qazvin plain during 

the period of 1987 to 2002. For this purpose, the map of Qazvin plain’s land use (during 

1987 to 2002 years) with the supervised classification method and algorithm of 
maximum similarity likelihood was provided by using TM  and ETM+ satellite images 

and geometric atmospheric error correction as well as choosing the best combination 

band .The accuracy of the map was computed by utilizing overall accuracy test and 
Kappa statistic. The result indicated that the rate of variability of the orchard increased 

from 16 to 21 percent, irrigated cultivation increased from 17 to 27 percent and the salt 

marsh increased from 24 to 26 percent. On the other hand, two decreases from 19 to 9 
percent and 24 to 15 percent were reported for dry and arid lands respectively. 

According to the obtained results it can be concluded that the dominant trend of the 

land use change has been positive in the period. The produced maps were investigated 

by control points in the field and previous studies in order to evaluate the accuracy of 

the classification results. The Kappa coefficient of the maps from ETM+ and TM 

images was calculated 80 and 77 percent respectively.  
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INTRODUCTION 

 

 Awareness of the types of land cover and human activities in different parts of  the land as well as knowing 

about how to use the ground are highly significant matters as the basic information for various planning. The 

maps which are representative of such activities in different areas of the ground are called land use maps [1]. By 

estimating land use changes, it is possible to extensively detect rapid environmental changes in planning and 

agricultural management in order to reduce the destructive effects with high precision and with the lowest cost. 

satellite Data is one of the main sources to provide information for geographical information system (GIS) 

which is employed for land managing and planning in this system. These data can be constantly and continually 

update land use plans and the required output is prepared, so that the average age of a decade of data to be 

reduced to month [2]. As a result, The monitoring of land use changes during successive time intervals by 

remote sensing techniques in less time, with less cost and with greater accuracy can be created [3].Therefore, it 

is necessary to determine and compare these capabilities with each other in different conditions. Results of these 

comparisons are choosing satellite data can be used in the executive affairs [4]. Apan (1976) prepared a map of 

vegetation coverage in Mindoro, Philippines by using TM data[5]. Besides, Dontree prepared a vegetation map 

of some parts of national forest utilizing ETM+ and TM images in the 1972, 1989 and 2000 years; [6]. After 

comparing them, he pointed that forest use change to arable land was the major change in the vegetation 

coverage of the area. Tipaniat & Nitin [7], monitored the changes in the forest area of Mangrove; Krabi, 
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Thailand by using ETM+ land sat satellite images and NDVI-RGB classification technique in the 1995, 2000 & 

2003 years. Land use changes were investigated in an area in northern China during 20 years benefited from RS 

&GIS technique. Result indicated that the lands area with the water resources, forest and meadow use, were 

reduced during the studied period of time while the area of the other land use were increased. Parts of forest 

lands, meadows and water resources were changed to farms and about31.5 percent of meadows were changed to 

fruitless land. Moreover most of the agricultural lands, meadows and farms had been changed to city through 

construction increase [8], investigated the land use changes in the yellow basin in China using TM land sat 

satellite data in 1990, 1995 &2000 years [9]. Their aim was improving land use with an approach to identify 

potential of lands. The findings indicated that the wheat lands were increased in comparing to arid lands during 

the years 1990 to 2000. Grain field was significantly increased to 2917 km2, while meadow lands and 

woodlands had been decreased to 4668 km2 and 2917 km2 respectively. The result showed an intensive change 

in the land use of the under study area. A study also was conducted on 21 units related to cadastral in Dvory 

Nove and Zehusice, Czech Republic (total area of 113 km2). Ortho photograph maps of the year’s 1785, 1851, 

1871&2011 were employed. These maps were analyzed in digit GIS environment and the result demonstrated 

that the main land use changes were as follows: a decrease from 5 to 18 percent reduction in meadow, reduction 

in the area of water sources from 1 to lesser than 6 percent and the development of agricultural land was the 

most significant changes from 53 to 67 percent [10 ]. Another research was carried out in the south of Alberta, 

Canada, in order to investigate the effects of land use potential changes on hydrological processes throughout 

the next 20 years. The analysis of the land use changes during 2001 to 2013 years demonstrated that there will 

be a 65 percent increase in urban construction procedure, 20 percent in grass lands and 1 percent in agriculture 

[11]. Furthermore, many experts have confirmed to use satellite data such as land sat Spot and IRS for providing 

such maps [12]. Hosseini [13]  studied the capability of +ETM land sat satellite data to provide land use map of 

Chamestan, Mazandaran province. He also interpreted the data derived from satellite using remote sensing 

techniques. Shetabi and Abdi [14] used the data resulted from ETM+ to provide land use map of Sorkhab, 

Khoramabad in Lorestan province. Then various processes were implemented such as creating false colored 

images, measurement and analysis of the main components on the main bands in order to carry out image 

enhancement. The best band set for the classifications was determined undertaking divergence statistical 

indicators and the classification of image was also accomplished by supervised method and by using maximum 

likelihood algorithm, Mahalonobis and the minimum  distance from the mean. Their findings indicated that the 

maximum likelihood classification represented better result than two other classification techniques. Moradi et 

al, [15] investigated the land use change affected by desertification through aerial photos and IRS images during 

the years from 1334 to 1381 in the vicinity of Ardakan,Yazd. They concluded that desert areas were reduced to 

2160 ha.Because of increasing other land use changes such as urban and agricultural areas. Moreover, Arkhi and 

Niazi [16], studied on the land’s coverage change in Ilam dam basin by using MSS and ETM+ satellite image 

during the years from 1976 to 2002. The results verified that the most obvious incremental changes comprised 

the spread of orchards and residential areas while the majority of the decreasing changes were due to pasture 

lands destruction. Lorencovaa  et al, [17] in a study With aim provide spatially explicit information at a national 

level on climate and land use change impacts in order to assess changes in the provision of ecosystem services. 

This work provides a qualitative and quantitative analysis of the impacts on selected ecosystem services (carbon 

sequestration, food production and soil erosion) in the agricultural sector of the Czech Republic. This 

assessment shows that, historical land use trends and land use under projected climate scenarios display some 

shared spatial patterns. Specifically, these factors both lead to a significant decrease of arable land in the border 

fringes of the Czech Republic, which is to some extent replaced by grasslands. In a study an analysis of 

agricultural land-use change  was between 2002 and 2010 in a landscape in southern Sweden. Substantial shifts 

in chains of connected inter-category land transitions were found between cereals, temporary grasses, permanent 

pastures and fallow lands. The results indicate concentration of agricultural production to better quality land and 

a growing number of land-idling farms in the region [18]. The present study aim to estimate land use changes by 

utilizing remote sensing techniques and geographical information system (GIS) through 15 years. The obtained 

information can be an accurate basis for future research as well as   management decisions in the mentioned 

area. 

 

MATERIALS AND METHODS 

 

 Our work in Qazvin plain that located between Karaj and Qazvin province.The overall area comprised 

approximately 400,000 ha. which is located between 35 degree, 50 minutes, 15 seconds to 36 degree, 55 

minutes, 25 seconds of north latitude and 50 degree, 27 minutes,20 seconds to 50 degree, 45minutes, 30 seconds 

of East longitude (Fig.1).The study area is exactly located in the Salt river basin which is an incorporation of 

several big and small rivers. The maximum and minimum altitude from sea level is 1133 meters and 1341 

meters respectively. The selected area contains various land use as follows: the salt marsh lands were the most 

expanse of land use, and then the irrigated cultivation area and orchard were the next significant land use on 
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which most of the Qazvin and Alborz provinces’ agricultural lands are located. Finally arid lands, dry lands and 

residential are respectively other uses of the area. Currently more than 33% of the total area comprised of salt 

marsh, while orchard and cultivated land encompass 48 percent of the area and the other uses are included the 

rest of the area.  

  

 
 

Fig. 1: Location of the study area (Qazvin plain). 

 

 To provide land use map, this research has benefited from the +ETM sensor images related to the year 2002 

and TM sensor data of the land sat satellite related to the year 1987. They respectively contain of 8 & 7 bands 

with spatial resolution of 30 meter. Meanwhile, digital topographic maps with the scale of 1:25000 and the 

control points by GPS were utilized in order to identify the area and reference pitches and geometric corrections 

of satellite images. The used software in this study was Erdas1 imagine 9, ARC GIS9.3 and Google earth. At the 

first step of this study, the necessary atmospheric and geometric corrections were carried out on the satellite 

images of the years 1987 and 2002. In this study, Chaw method was used in order to atmospheric corrections. 

This method is the subtraction of the dark pixel values. The assumption in the dark subtraction technique is that 

pixel values with the least quantity in each band should be logically zero. Hence the DN value of this pixel 

indicated incremental errors of atmospheric effects. The topographic maps with the scale of 1:25000 were 

utilized in order to implement geometric corrections. Satellite images were corresponded by selecting 25 control 

points with appropriate distribution and the nearest neighbor method. The methods of detection used in this 

study, were false color composition and analysis of the main components. The criteria for the selection of band 

combinations for providing different use layers was the digitizing classification based on spectral differences of 

the various phenomena which are firmed upon various bands. Spectral resolution of the classes is also possible 

through differences in the average rate of reflection classes. Thus it is necessary to select the bands which have 

lower correlation with each other and they can demonstrate the data with higher contrast in the band 

combination. As selecting the best band combination through visual comparison is difficult and time consuming 

so quantitative indicator of OIF 2 was utilized. 

   

 Equation                  (1) 

    

 

 

 

 In this method, the band combination having the highest values an optimum index was selected as the best 

combination. The most common type of analysis is classification that is divided into two types of supervised and 

unsupervised and both of them were used in this research. Unsupervised classification of ISO data with 10 
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classes was performed by determination of the test points based on the stratified random method on the maps of 

homogenous area. In this step, initially 155 points (called hot spot) were extracted on the homogeneous layer by 

stratified random for using in the classification. Afterwards, it was attempted to select pixels representative of 

each pre-defined class by using supervised classification method, and then 176 control points were extracted on 

homogenous layer to evaluate the map. Finally, the land use maps for the years 1987 and 2002 were extracted 

by using maximum similarity likelihood algorithm. And then the classification’s accuracy was monitored by 

facilitating check points taken in the year as well as Google software. Moreover, error matrix was formed to 

evaluate the accuracy of the classified maps with compliance on real map of the earth based on which overall 

accuracy and Kappa coefficient were computed. 

 

Results: 

1. Geomtric Correction of the Images: 

 At this stage, the images were geometrically corrected by using topographic maps with a sale of 1:25000 

with 25 control points. The Root Mean Square Error (RMSE) of images was computed about 0.25 pixels which 

is an acceptable error. Kazemi et al, [19] also implemented the correction of the images receiving from sensor 

WIFS-IRS and MODSIM with root mean square error less than 0.35 and 0.5 pixel. Furthermore, Rinejso et al 

[20], calculated a root mean square error equal to 0.22 in correcting of the TM and +ETM images. 

 

2. Selection of the Band Combination: 

 TM and ETM+ sensor due to having 7 and 8 different bands, respectively provide many false colored 

images. These images have a high capability to recognize different earth phenomena. The best band 

combination in TM and ETM+ sensors are 457,347 and 432 which are placed in RGB respectively. Finally, 

color combination of 432 was selected as the most appropriate color compositions for demonstrating.  

 

3. Supervised Classification and Extracting Land use Map: 

 The supervised classification of the lands was implemented through maximum likelihood after applying the 

abovementioned processes. The land use in irrigated cultivation, dry land and salt marsh, arid and urban classes 

were extracted. Figure 2 and 3 demonstrate land use map of the area in the mentioned classes in the year 2002 

and 1987. According to the obtained results from the use map of the year 1987 and 2002 irrigated cultivation 

and salt marsh lands respectively assigned the highest percentage of the area to themselves, while the residential 

lands had the lowest percentage (table 1).  

 
Table 1: Area and the percentage of each uses in 1987 and 2003. 

2002 Y 1987 Y Uses 

Percentage Area (ha) percentage Area (ha) 

21.13 80966 15.63 60151 Orchard 

15.34 58781 23.98 92280 Arid 

27.49 105318 17.47 67207 irrigated cultivation 

9.14 35012 18.66 71800 rain fed cultivation 

1.09 4161 0.43 1670 Urban 

25.82 98913 23.82 91657 Salt marsh lands 

100 383152 100 383152 Total 

 

4. Investigating the Accuracy of the Produced Map: 

 Kappa coefficient was utilized in order to investigate the accuracy of the maps. The results indicated that 

the total Kappa coefficients for the use map of the years 1987 and 2002 were 0.77 and 0.8 respectively. This 

coefficient demonstrated the   high accuracy of the maps. Table 2 and 3 indicated the error matrix of the use 

map of the mentioned periods. Mirbagheri et al [21], who have also utilized MODIS data to provide land use 

map of Isfahan province, reported the degree of the accuracy and total Kappa coefficient of the maps equal to 80 

percent and 71percent respectively. 

 
Table 2: Results of the error matrix related to the classification of the land use map in 1987. 

Land use Arid Salt marsh lands irrigated cultivation orchard Rain fed cultivation Urban Total Error 

Arid 1150 2 4 0 2 18 1176 2.2 

Salt marsh lands 5 248 1 10 40 5 309 2.9 

irrigated cultivation 12 4 1150 2 9 1 1178 2.3 

orchard 0 0 0 1790 33 3 1826 1.9 

Rain fed cultivation 0 5 13 12 1700 9 1739 2.2 

Urban 17 0 2 2 0 1123 1144 1.8 

Total 1184 259 1170 1816 1784 1159 7372  

Error 2.8 4.2 1.7 1.4 4.7 3.1 2.8 

Total Kappa= 77% 
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Table 3: results of error matrix related to the classification of the land use map in 2002. 
Uses Arid Salt marsh lands irrigated cultivation orchard Rain fed cultivation Urban Total Error 

Arid 1134 1 4 1 1 23 1164 2.5 

Salt marsh lands 6 256 1 12 46 8 329 2.2 

Irrigated cultivation 11 5 1165 2 12 2 1197 2.6 

Orchard 0 0 0 1768 21 5 1794 1.4 

Rain fed cultivation 0 6 13 11 1700 11 1741 2.3 

Urban 15 1 1 1 0 1100 1118 1.6 

Total 1166 269 1184 1795 1780 1149 7343  

Error 2.7 4.8 1.6 1.5 4.4 4.2 3.1 

        Total Kappa= 80% 

 

 
 

Fig. 2: Total agricultural land use in Qazvin plain for 1987 derived from fused satellite and agricultural census  

Data. 

 

 
 

Fig. 3: Total agricultural land use in Qazvin plain for 2002 derived from fused satellite and agricultural census  

data. 
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Agricultural Land use Changes: 

 The highest level of decrease in land surface belonged to the rain fed agricultural which 10 percent of its 

scope have been decreased. The scope of the rain fed land in 1987 year was approximately estimated 71800 ha. 

which has reduction from 35012 to 36788 hectare comparing to 2002 year. In this period of time the highest 

level of increase in the area was belong to the lands which are under irrigated cultivation with 10 percent spread. 

The increase of the irrigate cultivation lands from 67207 ha. to 105318 ha. indicated 38111 hectare spread 

during the years 1987 to 2002. The spread of the orchard cultivation lands had also encountered a five percent 

increase so that the spread surface of these lands from 60151 to 80966 indicated 20815 hectare increase. The 

surface of the arid lands was also decreased about 9 percent which was equal to 33499 hectare. The salt marsh 

lands area had encountered with 2 percent change, it means the surface of these lands was increased from 91657 

hectare to 98913 hectare which was equal to 7256 hectare increase. Therefore the above mentioned numbers 

(table 4 and diagram 1) indicate that the agricultural lands were spread out about 58926 hectare in the mentioned 

period of time. A great deal of this spread was belonging to the irrigated cultivation and orchard lands 

respectively. 

 
Table 4: Land use changes in two periods of time 1987 and 2002. 

Land use use area in 1987 (ha) use area in 2002 (ha) Changed area 

Orchard 60151 80966 20815 

Arid 92280 58781 -33499 

irrigated cultivation 67207 105318 38111 

Dry farming cultivation 71800 35012 -36788 

Urban 1670 4161 2491 

Salt marsh lands 91657 98913 7256 

Total 383152 383152 - 

 

 
 

Diagram 1: The degree of the various land use changes in the region During the 1987-2002 years. 

 

Discussion and Conclusion: 

 The present study aimed to detect land use changes of Qazvin plain during the span of 15 years. Hence 

temporal remote sensing satellite images have been utilized in order to conduct this research. And then after 

providing land use maps for each period the degree of use changes were extracted. The final result indicated that 

the agricultural land scope in the under investigation area was increased approximately from 52 percent to 57 

percent, during the years 1987 to 2002. Meanwhile the degree of spread of salt marsh lands was from 24 percent 

to 26 percent and the residential lands had 1 percent increase. In this research maximum likelihood technique 

was utilized to classify the images and high accuracy of the extracted coefficients indicates appropriateness of 

this classification technique. To this end, it is suggested to use this technique for the classification of the satellite 

images. Naikhnavari [22] , Shalaby and Tateishi [23], introduced maximum likelihood or maximum similarity 

as a one of the best remote sensing data classification techniques. The superiority of this algorithm in the 

classification of the satellite data was also confirmed by Alavipanah and Masoudi [12],[27]; Moreover Booth 

and Olfiel [24], proposed maximum likelihood as a technique having high efficiency in producing land use map. 

The best color composition used in this research were in TM and 432 ETM (RGB) sensors, which were very 

useful, efficient and common for investigating the land use and they also were confirmed by Rajabi et al [25], 
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and Lile Sand et al [26]. On the whole, the obtained results indicated that proper efficiency of the TM and 

+ETM satellite data was appropriate to provide land use map as well as evaluating use change. In this regard 

monitoring by Google earth software and geographical information system (GIS) will enhance the accuracy of 

the produced maps. Considering the findings in both TM and +ETM sensor, it doesn’t seem to have a significant 

difference in the resolution of the effects. The present study demonstrated that maximum similarity likelihood 

classification technique has the ability to provide land use maps with high accuracy. 
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