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Abstract 

Detecting the changes of land use and land cover of the earth’s surface is extremely 

important to achieve continual and precise information about study area for any kinds 

of planning of the development. Geographic information system and remote sensing 

technologies have shown their great capabilities to solve the study issues like land use 

and land cover changes. The aim of this thesis is to produce maps of land use and land 

cover of Shijiazhuang on year 1993, 2000 and 2009 to monitor the possible changes 

that may occur particularly in agricultural land and urban or built-up land, and detect 

the process of urbanization in this city. Three multi-temporal satellite image data, 

Thematic Mapper image data from year 1993, Enhanced Thematic Mapper image data 

from 2000 and China Brazil Earth Resource Satellite image data from 2009 were used 

in this thesis. In this study, supervised classification was the major classification 

approach to provide classified maps, and five land use and land cover categories were 

identified and mapped. Post-classification approach was used to improve the qualities 

of the classified map. The noises in the classified maps will be removed after 

post-classification process. Normalized difference vegetation index was used to detect 

the changes of vegetated land and non-vegetated land. Change detection function in 

Erdas Imagine was used to detect the urban growth and the intensity of changes 

surrounding the urban areas. Cellular automata Markov was used to simulate the 

trends of land use and cover change during the period of 1993 to 2000 and 2000 to 

2009, and a future land use map was simulated based on the land use maps of year 

2000 and 2009. From this performance, the cross-tabulation matrices between 

different periods were produced to analyze the trends of land use and cover changes, 

and these statistic data directly expressed the change of land use and land cover. The 

results show that the agricultural land and urban or built-up land were changed a lot, 

approximately half of agricultural land was converted into urban or built-up land. This 

indicates that the loss of agricultural land is associated with the growth of urban or 

built-up land. Thus, the urbanization took place in Shijiazhuang, and the results of this 

urban expansion lead to the loss of agricultural land and environmental problems. 

During the process of detecting the land use and cover change, obtaining of 

high-precision classified maps was the main problem. 
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1. Introduction 

The land resource is one of the most important resources for human beings. Exploring 

and using land resource reasonably is the basic principle for development of human 

society. Therefore, the issue of the land use and land cover changes (LUCC) is an 

extremely valuable subject to be studied. In addition, as a symbol of human culture, 

the urbanization which can be related to the LUCC is also worth studying. In this 

chapter, the whole background knowledge of the LUCC and urbanization are 

introduced in the first section. Moreover, the aims of this study and the structure of 

this study are also drawn in the following two sections. 

1.1 Background 

The knowledge of the LUCC is important for a lot of human activities. LUCC can be 

considered as an essential element for modeling and understanding the earth 

(Lillesand, et al., 2004, pp. 215). Ponderable understanding of gradual or sudden 

natural changes and factitious changes in surface of the earth provide valuable 

understanding of the interactions between natural environment and human activities 

(Bakr, et al., 2010). The issue of LUCC is one of the most important parts of the 

change of the environment. The land resource is one of the essential and basic 

resources for living and developing of human. To be able to achieve the sustainable 

use of land resource, it is necessary to know the changes, historic and present status of 

the land resource. The changes of natural environment and impact from human 

activities which occur suddenly or gradually in the earth’s surface are the core of 

LUCC. 

 

The urban area where the human beings live in is the symbol of human civilization, 

and it is an important place for humans to do their social activities. Urbanization is a 

significant characteristic of humans’ modern lives. For a city, the level of urbanization 

can be used to estimate the level of development of economy, social, science and 

technology. Meanwhile, it is an important data to monitor the level of management 

and organization of a city.  

 

Many things in reality have dual characters, so does urbanization. On the one hand, 

urbanization means the advanced industry, convenient transportation, and prosperous 

metropolitan area and so on. On the other hand, in the process of urbanization, the 

undesirable effects could not be avoided, such as the damage and pollution of natural 

environment. Because one of the most significant characteristic of urbanization is that 

the proportion of urban population to total population is increasing. One of the effects 

of expansion of population is the expansion of urban area, so the surrounding natural 

environment is destroyed, such as the deforestation. 
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The development of economy and various kinds of industries will destroy or pollute 

the natural environment. For a developing country, the focus of the development of 

economy and industry is the speed of development. But the damage of natural 

environment will be larger if the speed of development is too fast. However, 

urbanization is an unavoidable step of development of human beings, it is also a 

momentous change of the structure of human society. Therefore, the correct 

understanding of the future problems of urbanization and its effect on natural 

environment are very important to a developing country, and they are the most 

important reasons for monitoring the process of urbanization as well. Generally 

speaking, timely and accurate detection of LUCC provides a better understanding of 

the interactions and relationships between natural environment and human activities, 

so that the decision makers will get updated information about land use to make better 

management of future development (Bakr, et al., 2010). Above all, LUCC is worth 

studying. And as a symbol of modern life of humans, the study of urbanization will 

provide a couple of informative data for urban planners. 

 

Operational monitoring of LUCC from multi-period satellite images which contain 

plentiful information about earth surface will provide the comprehensive data to 

analyze the changes between different ground features. There are two general 

applications of satellite image which are generating map of land use and land cover by 

image classification and then the results of the changes of land use and land cover can 

be achieved by change detection. The major application of satellite images in this 

research is using image classification approach to map land cover and detecting the 

land cover changes. Thus, one way of monitoring the process of urbanization is to 

perform the classification-based change detection by using the satellite images of the 

urban areas. Change detection is not only used for urban applications but also for 

forest application or other changes of land cover.  

 

Various researches have discussed the issue of LUCC in diverse ways. Singh (1989) 

defined change detection as a process to identify the differences in different states of 

an object or phenomena by observing this object at different times. Change detection 

can be performed by unsupervised classification or supervised classification (Singh, 

1989). Castellana et al. (2007) declared a new approach of change detection based on 

the combination of unsupervised classification and supervised classification. Another 

way to analyze the process of LUCC is using cellular automata (CA). Current 

technologies of GIS are difficult to handle dynamic issues like urban growth and 

forest degradation. Using CA is not only helpful for detecting the changes of land use 

and covers but also helpful for forecasting the future changes. CA is a complex 

discrete dynamic system, and it is composed of a regular grid and each point in this 

grid called a cell which has a finite number of states. For each cell, a set of cells called 

its neighborhood is defined to the specified cell. The states of the cells in the grid are 

updated by a local rule which is that the state of a cell just depends on its own state 

one time step previously at a given time, and all cells in the grid are updated 

synchronously (Jiang, 2012). Except for these, the normalized difference vegetation 
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index (NDVI) is also used in this study. Julien and Sobrino (2009) declared a new 

method which is using NDVI to monitor the LUCC by detecting the change of 

vegetations and non-vegetations based on the data of surface temperature of the land. 

The change of vegetated area is one way to analyze the change of non-vegetated area. 

NDVI is a method used to monitor the growth and distribution of vegetation. More 

detailed about related literatures will be drawn in the following section. 

 

As a convenient data source which contains large volume of information, remote 

sensing (RS) should be integrated with GIS while the techniques of image processing 

of GIS are developed quite professional (Star, et al., 1997). Over the last few decades, 

RS data has become one of the most common and important data resources for 

acquiring and extracting multi-temporal information about the land use and cover at 

both regional scale and global scale (DeFries and Chan, 2000). Most of geographic 

information system (GIS) data can be processed and analyzed by computer with 

specific software. The varieties of GIS techniques have different specific functions to 

different kinds of applications of RS data, especially the monitoring of changes of 

landscapes.  

1.2 Aims of this thesis 

The long term aim of this study is using GIS technologies and RS data to monitor and 

analyze the LUCC especially the urban growth in Shijiazhuang city which is the 

provincial capital city of Hebei province in China. To achieve the long-term aim, three 

short-term aims should be completed. To be more specific, firstly, select three optimal 

bands as three channels of blue, green and red, respectively, in order to maximize the 

information revealed from RS images for image classification. Secondly, carry out 

image classification based on which layer represents which type, in order to perform 

urban change detection and CA Markov. Thirdly, analyze LUCC, especially 

urbanization and verify changes which are worth to use based on results of urban 

change detection and CA Markov. 

 

In the end, the thematic maps and statistical data of changes of land use and land 

cover between two periods 1993 to 2000 and 2000 to 2009, and the trends of urban 

change can be achieved to analyze the urbanization. Hebei is an important province 

which besieges the capital Beijing city of China. Therefore, with the rapid 

development of economies in China, the urbanization of Hebei is worthy of study. 

1.3 Organization of this thesis 

This thesis can be divided into three parts from a macro view which are the 

introduction and description to the important component of the thesis, the steps to 

complete the data processing, and the explanation and illustration of the results. First 

of all, this thesis is organized in eight chapters, and it is starting with an introduction 
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part to a description of the thesis. In the introduction part, the whole background 

information and knowledge is introduced. The following chapter provides a literature 

review which introduces some helpful background of techniques used in this study. A 

description of the study area and the satellite image data is followed by an 

introduction of the process of this thesis. 

 

After then, the detailed preprocessing and processing are illustrated and explained. 

The fifth chapter is the detailed steps of the whole processes, and the important 

figures are used to explain the processes. In the sixth chapter, the results of LUCC in 

Shijiazhuang city from two different periods are presented and analyzed, and then 

some discussions of the results and the problems of this thesis are completed. The 

seventh chapter is the conclusion of this thesis. And the following two chapters are the 

references and appendices. 
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2. Literature review 

In this chapter, the reviews of literatures which are related to the subject of this study 

are introduced. First of all, the methods from literatures to realize the detection of 

LUCC are introduced and explained. Next, a case study which is closely related to 

this thesis is introduced. In this related study, the subject is to research the 

urbanization in Shijiazhuang city. The difference between the related study and this 

thesis is drawn. 

 

Over the last decades, respectable researches of LUCC have been achieved. The 

understanding of the reasons and trend of LUCC has improved the methodologies to 

monitor and analyze the LUCC (Lambin, et al., 2003). Improved understandings of 

the dynamic changes of land use and covers will allow more valuable and reliable 

progress to detect the changes of land resource on the earth’s surface. Besides, 

improved knowledge of LUCC provides an understanding of impact from human 

activities. Xu et al. (2000) claimed that land use is the social and economic attributes 

of the land, such as the situation of the human activity on the land, and the land cover 

means the natural attribute and physical characteristic of the land. The spatial area of 

land cover is gradually varied, and the change of the time of land cover has an 

obvious aspect change; the changes of land use are not related to the season, the 

change of spatial area has a clearly edge due to the changes of land use are absolute 

dependent on the human activity (Xu, et al., 2000).  

 

The combination and utilization of GIS and RS to research the issue of LUCC is 

valuable. Using technologies of GIS to analyze the RS data is a convenient way to 

monitor the changes of land use and covers. To be more specific, RS is the science 

and art of acquiring spectral, spatial and temporal information about both natural and 

humanistic features by devices without any physical and directly contact with the 

objects of measurement on the earth (Lillesand, et al., 2004). The satellite image of 

remote sensing contains a wide area of the earth. In this case, the study area of land 

use and land cover changes is always a large area. That means the remote sensing 

technology can provide detailed and quantitative data of land surface in a wide range 

(Prenzel, 2004). 

2.1 Related works from literatures 

The methods of image processing can be grouped into four classes: image geometric 

rectification, image enhancement, image fusion and image classification. The way of 

image rectification is according to the image what is used in the actual research. 

Because that to be able to analyze the changes of land, the images should be obtained 

from different period. That means there may be some differences of the land cover 

between the different periods. The purpose of the image rectification is to match the 
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major homologous ground features in different temporal images (Liang, 2009). The 

main ways of image enhancement includes contrast stretch, principal component 

analysis (Liang, 2009). Based on the result of the image enhancement, the purposes of 

this method is to change the visual effect and improve the recognition of the image. 

After image enhancement, the needed characteristic will be emphasized and the 

indifferent part will be suppressed. The image fusion is using fusion the different 

temporal images after processing and information extraction. Liang (2009) 

summarized that using this method for different bands of the image will make the 

image provides comprehensive information about ground features, and the 

information will be easy to be understand and analyzed. Finally, the image 

classification can be used to distinguish the different objects according to the different 

characteristics of the ground features in the images. The major and conventional 

methods of extraction of information are comparing of direct spectrum comparison 

and post-classification comparison. 

 

In a similar way, in the paper of Shalaby and Tateishi (2007), there were three sets of 

data the authors used. The first was the Thematic Mapper (TM) images and Enhanced 

Thematic Mapper Plus (ETM+) images on 1987 and 2001. The second was the digital 

topographic maps which were digitized from the hardcopy topographic maps. The 

third was the information of ground what was collected between 1999 and 2002. 

There were four steps for the study: geometric correction, the authors used the ground 

control points from the topographic maps in 1983 to geocode the image of 2001 and 

then the image is used to register the image of 1983; image enhancement and visual 

interpretation, the contrast stretching was used on the two images and two false color 

composites; image classification, the maximum likelihood classifier was used for the 

land cover classes and the supervised classification was used for the ground 

checkpoints and digital topographic maps; and land cover and land use change 

detection, the authors used the post-classification change detection technique and 

cross-tabulation analysis to process the image data (Shalaby and Tateishi, 2007). 

 

Bakr et al. (2010) declared that change detection of LUCC by using multi-temporal 

satellite image data provided effective methods and accurate results to estimate the 

interaction between human activities and natural phenomena. The major objective of 

this paper was to monitor the LUCC in Egypt by using Landsat remote sensing data. 

The main data reprocess in this paper was band combination. The main methods used 

in this paper were hybrid classification (supervised classification and unsupervised 

classification) and NDVI. There were four categories of land use which were urban or 

built-up land, agricultural land, water and barren land. To ensure the accuracy of 

results, the accuracy assessment was also carried out. 

 

Another major case study is the paper of Dewan and Yamaguchi (2009), the data the 

authors used was Landsat data between 1975 and 2003. The method the authors used 

was separated in three steps: image classification; accuracy assessment; and change 

detection. The authors found that the built-up area and bare soil were increasing, and 



Fanting Gong & Qingling Liu  Land Use and Land Cover Change 

7 
 

the vegetation and cultivated land were decreasing between 1975, 1992 and 2003. 

Based on the results, the authors mentioned that the land use, land cover changes and 

urban expansion of Greater Dhaka is governed by a combination of geographical, 

environmental and socio-economic factors (Dewan and Yamaguchi, 2009). The more 

area the urban used, the less are for the vegetation. 

 

However, in recent year, CA Markov has been used to monitor the LUCC extensively.  

In the paper of Ye and Bai (2007), CA Markov model was used to simulate LUCC. 

The data of this paper were four TM satellite images from year 1985 and four ETM+ 

satellite images from year 2000. There are three image processing techniques were 

used in Erdas Imagine (Leica, 2012) which were band combination, image 

enhancement and geometric correction. For Markov conditional probability matrix, 

images from year 2000 which were used as the initial image and the transitions of 

different land use and land cover from year 1985 to 2000 were performed in this step. 

In the next step, the authors produced the suitability maps based on the underlying 

dynamic changes of land use and land cover from year 1985 to 2000. After then, 

according to the local rule of CA, a 5 × 5 CA filter was needed to produce a spatial 

explicit contiguity – weighting factor which was able to change the states of cells. 

Finally, the data of land use and land cover over a 15-year period to 2000 was 

performed to forecast the land use and land cover on year 2015 and year 2030. 

2.2 A case study in Shijiazhuang 

Moreover, there is a research about urbanization in Shijiazhuang city from Xiao et al. 

(2006). The aims of this study were to investigate the temporal and spatial 

characteristics of urban expansion from 1934 to 2001 and explore the changes of land 

use and land covers from 1987 to 2001 in Shijiazhuang city. In this case study, the 

multi-annual socio-economic statistical data, multi-temporal maps of the city and 

satellite images from 1934 to 2001 were used. First of all, the maps of Shijiazhuang 

city were digitalized by GIS software. After then, the maps of this city were gridded 

as 1 km × 1 km units and then the annual urban growth rates were calculated.  

 

At the same time, to improve the qualities of satellite images, they were geometrically 

corrected and filtered with a 3 × 3 median kernel. After then, nine categories were 

classified by supervised classification and they were urban/built-up, residential, crop 

field, vegetable field and forest/trees, orchard, grass, water body and barren/sandy 

lands. From the results in this research, it can be seen that the area coverage of urban 

was increased while agricultural lands was decreased between 1987 and 2001. In 

detailed, the residential area and vegetated lands were converted into urban area . 

Besides, the total area coverage of water was very small. All in all then, the major 

reason of urbanization was the growth of population before 1991 and then the 

increase of industry and improvement of transportation became the main factor of 

urbanization during 1991 to 2001 (Xiao, et al., 2006).  
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The paper from Xiao et al. (2006) is similar to this research, but the most obvious 

difference between these two studies is the use of classified maps. In this research, the 

classified maps were used as preliminary results to generate the final valuable results 

such as the dynamic changes between different periods in Shijiazhuang city were 

produced by the simulation of CA Markov based on the classified map. But in the 

research of Xiao et al. (2006), the dynamic changes were generated by digitizing the 

topographic maps and calculating the extension rate. The dynamic changes were not 

shown by satellite classified images and that makes the observation of dynamic 

changes from classified maps to be too vague. However, their advantage is the use of 

multi-annual socio-economic data so their results can be analyzed in a different 

direction from other similar research. 
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3. The background of change detection process 

All of the steps of the process of change detection can be summarized in the flowchart 

below (see Figure 1). The main steps of change detection process in this study were 

NDVI, urban change detection and CA Markov. The first difference between this 

research and others is the focus of change detection function is urban area. The second 

difference is the results from NDVI and change detection are used to prove the 

accuracy of results from CA Markov. The accuracy of results from NDVI is depended 

on the accuracy of satellite image, thus, the influences from anthropogenic factors will 

be small and the precision will be ensured. But only the vegetated area and 

non-vegetated area are analyzed in NDVI, the specific types of vegetated area and 

non-vegetated area are not able to be identified.  

 

Therefore, the urban change detection is able to be used to extract the information of 

urbanization. And from the results of CA Markov, the dynamic changes of each type 

of land use and land cover and future land use map will be obtained. To sum up, three 

processes should support each other in this study, and this is also the reason for 

combining these three processes in this study.  

 

 

Figure 1. The flowchart of change detection process 

3.1 Introduction to the preprocessing 

Before data processing, the needed bands of images should be stacked. Thus, suitable 

band combinations should be figured out in this study. The satellite image data 

contains very large area, but the study area in this thesis is small, and different images 

have different spatial resolutions. One advantage of the remote sensing data is the 

ability to perform image processing for modifying or improving the image. Original 

data in this study is not suitable for directly processing.  
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However, during the process of achieving the satellite image, the scattering, reflection 

and refraction will affect the quality of the data, for instance, there will be some 

noises in the data or it will be difficult to identify the distinctions between features on 

the image when the edges of them are not clear. Therefore, the image preprocessing is 

needful when the users of the data want to extract the necessary information or 

improve the visual interpretability of image. To get more useful information and take 

full advantages of the data, the preprocessing is necessary in this thesis.  

3.1.1 Band combination 

The image with only one band is not enough to express the visual appearance of the 

ground objects. Based on the amalgamate principle of colored image, three bands of 

image display on the channel of red, green and blue can be combined together and get 

the corresponding colored image. In RS software, it only needs three bands. The 

selection of the appropriate bands combination and extraction of the different nature 

from the bands to find the most informative images are very critical steps in 

preprocessing work. 

 

Nowadays many approaches are widely used to choose optimal and combination. 

There are three main approaches shown in below ： 

1. Univariate Image Statistics analysis generates a histogram for brightness values of 

each band and the frequency of occurrence of each of these values (Jensen, 2007, 

pp.353-356).  

2. Multivariate Image Statistics calculates the correlation matrix and correlation 

coefficient between two TM bands in specific tables (Jensen, 2007, pp.353-356). 

3. The Optimum Index Factor (OIF) is developed by Chavez, et al. (1982). OIF is a 

statistical value which depends on single band image information and the 

correlation of each band (see Equation 1).  

 

                  OIF =     
    /         

            (1) 

 

Where Si is the standard derivation of band i, Rij is correlation coefficient between 

the band i and band j. 

 

Different wavelengths are used for different purposes. Here are seven bands an image. 

The tables of different bands of a satellite image are shown in Appendix A. The tables 

of the wavelengths and color of each band and the purposes in different bands in 

different bands are also shown in Appendix A. As Appendix A indicates in, it is 

figured out that band 1, 2, 3, 4 and 5 are which are the most suitable and useful for 

this thesis, but amount of the possible band combinations using these 5 bands are 60. 

Based on the visual interpretations of these band combinations, it can be found that 

more than 10 band combinations are valid which have good visual interpretation. But 

they are too similar to choose which one has the best visual interpretation. Thus, the 

calculation of best correlation of band combination is necessary in this study. 
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Combination of three bands is a good consideration. That is why correlations between 

bands need to be found. There are three conditions to choose a suitable band 

combination with different types of objects which needs to be analyzed. To contain 

more information, the band itself supposed to be informative, and the correlation 

between bands need to be small. The differences between ground objects are large. 

From the tables in Appendix A, it can be seen that TM4 contains more information, 

and the information in TM1, TM2 and TM3 are very similar, TM5 and TM7 contain 

similar information. Hence, the optimal six band combinations are <145>, <245>, 

<345>, <147>, <247> and <347>. Owing to that <123> and <432> are the 

rudimentary band combinations to display satellite image for unprofessional user of 

RS, meanwhile, by the correlation matrix, various bands are classified into some 

groups, then main purposes of diverse bands are considered. Thus, removing some 

bands is not needed and the amount of band composition should be reduced from 60 

to 8. This operation is more advantageous for analyzing different objects, such as 

water body, forest, urban and wetland. 

3.1.2 Image clip 

As mentioned before, the satellite image contains a very wide area. But in practical 

application, most of the areas in the satellite image are not necessary for the research.  

To decrease the time consuming and storage space, the images should be clipped to 

extract the study areas in this study. This step is realized in Erdas Imagine (Leica, 

2012) software. In this study, the area of Shijiazhuang city is useful. 

 

There are two kinds of functions can be used. The first one is rectangle subset and the 

other one is polygon subset. Rectangle subset is performed by setting up the 

coordinate to control a rectangle for clipping the study area. Polygon subset is 

performed by setting up a polygon to clip the image. For achieving study area with 

same coordinates in three images, the first way to clip image is more useful than the 

other one. 

3.1.3 Image enhancement 

The major purpose of image enhancement is not to maintain the fidelity of image. It 

turns out that image enhancement is employed to improve the visual interpretation of 

image, and the major purposes of it is to enhance the image definition and image 

contrast, and emphasize the necessary information in the image. There are two 

methods of image enhancement which are histogram equalization used as the main 

method for enhancing the images in this study and general contrast used to enhance 

one image in this study.  
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A histogram of an image shows the number of pixels with the various levels of 

brightness of this image, the x-axis shows all the possible pixel values which are 

0-255 and the y-axis shows the amount of pixel values. The ideal condition of image 

is that the distribution of histogram is normal distribution. If histogram’s peak value is 

located on the left side of brightness axial, the whole image will looks dark. 

Histogram equalization is a convenient and common way of histogram normalization 

technique to enhance the image when the users want to compare two or more images 

on specific basis (Åhlen, 2009). 

 

Every pixel in an image has a range of brightness from 0 to 255. Moreover, the range 

of peak value is excessively steep and narrow which means the brightness density of 

image is centralized. The above phenomena shows that the contrast gradient of the 

image is small, the quality of image is substandard, therefore the intensification of 

image and change the contrast gradient are necessary. Through the processes of 

choosing the band combination and enhancing the images, people can get better, 

clearer and more accurate understanding of terrain features during digital image 

processing. Meanwhile, it can further help the image classification work and improve 

the accuracy of classification. In addition, another image enhancement named general 

contrast with gamma method will be used in this study. Gamma function is one 

method of the general contrast in Erdas. This function can manipulate the brightness, 

contrast and color of the image to enhance the representation of image. 

3.1.4 Unsupervised and supervised classification 

A wide variety of techniques for classifying the different ground features from RS 

data have been developed. The objective of the processing of image classification is to 

classify all the pixels in an image into different categories by users (Lillesand, 2004, 

pp. 550). Unsupervised classification is a computer-automated process which can be 

called “clustering” due to it is operated based on the natural classifying of pixels of 

the remote sensing data (Bakr, et al., 2010). Without the cognition of human and 

consideration of the reality, the software classifies the features based on the statistics 

and distribution of pixels, and extracts the distinctions by the characteristics of image. 

In Erdas, an algorithm named Iterative Self-Organizing Data Analysis is operated to 

implement this process. 

 

Compared with the unsupervised classification, the classified processing in the 

supervised classification involved with the human cognition and experience. This 

process is more flexible than the unsupervised classification due to the selection of 

pixels which can be identified directly or based on other sources like Google Earth 

which is available for user to search the same position and observe the type of land 

use and cover of this position is up to users. Using this method, there is a step called 

“training” which is used to generate representative parameters for every land cover 

class based on samples of image elements called “training areas” which are digitized 

by user. The software will decide which sub class each pixel belongs to. Thus, each 
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pixel in this step in the image is classified into different class it most closely 

resembles. The pixel which is unlike any training area will be categorized into 

“unknown” class (Lillesand, 2004, pp. 554). 

3.1.5 Post classification 

The pixel-based classification process brings out small noisy appears in isolated pixel 

or small group of pixels of which classification process is different from its 

neighboring pixels (Huang, et al., 2004). The representation of classified map is 

usually a salt-and-pepper appearance (Lillesand, 2004, pp. 584), for instance, there are 

some very small spots existing and they are not suitable for analyzing. The 

post-classification processing can generate a smoother image. In Erdas, the common 

ways of post-classification is to clump, sieve, eliminate and recode.  

 

To be more specific, clumping is a way to produce an output image through 

calculating the areas of every sorted spots and recording the classified value of the 

largest adjacent pattern. Sieving is a way of dissolve the isolated small spots after 

clumping and assigning new values to the small spots. Eliminating is used to dissolve 

the isolated small spots in classified image or clumped image, and these small spots 

will be merged into the largest adjacent class (Zhu, 2009). Recoding is a way to 

reassign the class code of each category. 

3.2  Introduction to the change detection 

NDVI is one of the methods to monitor the growth and distribution of ground 

vegetations by using remote sensing data in year 1993, 2000 and 2009. Change 

detection function is used to calculate the differences between two different periods, 

and in this study, it is used to detect the difference of non-vegetated land and 

vegetated land in period of 1993 to 2000 and period of 2000 to 2009. CA Markov is a 

functional tool in Idrisi for modeling the trends of land use and cover changes. In this 

study, it is employed to analyze the LUCC period of1993 to2000 and period of 2000 

to 2009, and predict the future change of land use and land cover in year 2018. 

 

In this chapter, the NDVI, urban change detection and CA Markov used in this study 

are introduced in three subchapters. In these subchapters, the specific implementation 

of each method of change detection will be explained. In addition, the main purpose 

of NDVI, urban change detection and CA Markov will also be described. 
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3.2.1 NDVI 

The NDVI is the most common index used in the analysis of vegetation by using 

satellite image data (Bakr, et al., 2010). It is defined by Rouse, et al. (1974). It is 

widely used to detect the changes of the vegetations and the non-vegetations because 

only the red channel and near-infrared (NIR) channel of the electromagnetic spectrum 

are necessary to apply the NDVI performance (García-Aguirre, 2005). Furthermore, 

using NDVI in pixel-by-pixel classification can improve the result from classification. 

The absorptivities for different wavelength of different kinds of vegetation are 

distinguished, the NIR light is almost reflected on the one hand, the visible light is 

almost absorbed by the vegetations on the other hand.  

 

According to the aforementioned theory, the difference as following equation is 

employed to determine the NDVI value for an image (see Equation 2). 

 

NDVI = (NIR - R) / (NIR + R)         (2)  

 

Where R is red band can highlight the vegetation. The range of NDVI is -1 to 1 where 

the values ≤ 0 express the non-vegetated land and values > 0 express vegetated land 

(Bakr, et al., 2010). In this study, the NDVI was evaluated for images of year 1993, 

year 2000 and year 2009 by using band 3 (R) and band 4 (NIR) in each image. Three 

NDVI results from three images could be achieved and each image at specific date 

was recoded to non-vegetated land and vegetated land as mentioned before. 

3.2.2 Urban change detection 

Based on the images from two different periods, the change detection function in 

Erdas can calculate the difference between two images and then it detects the areas 

which are changed based on the given threshold. It is used for analyzing the difference 

between images on same location but at different time, and the given threshold by 

users is important due to the changed area will be highlighted and identified when the 

difference is larger than the given threshold.  

 

In this thesis, there are two kinds of output images. One is image difference file which 

is a continuous gray image, and the differences are shown from large to small in a 

range from 1 to -1. Another file is highlight change file which is a classified image 

and the users can set up different colors for increasing areas and decreasing areas 

(Intergraph, 2012). These two files are useful to analyze the extent of the changes of 

urban areas between two years. 
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3.2.3 CA Markov 

Ye and Bai (2007) claim that ‘Markov Chain and CA both are the discrete dynamic 

model in time and state’. On the one hand, Markov chain is useful to model the LUCC 

and represent multi-directional changes of different land use and land cover, and the 

prediction of change of spatial patterns of land use and land cover is excellent. On the 

other hand, the capability of CA for calculating the spatial factor is strong enough and 

it is possible to model the reality complex changes in a high resolution. But the 

capability of Markov chain to represent spatial distribution of occurrence within 

different type of land use and land cover in its transition matrix is insufficient (Ye and 

Bai, 2007). The Idrisi (Clark Labs, 2012) integrates the advantage of Markov chain 

which is the long-term prediction and advantage of CA which is simulation of spatial 

variation into CA Markov. 

 

CA Markov is used as a planning tool in this study and it has been widely used to 

model LUCC including urbanization and it is an ideal application to represent pattern 

of and spatial structure of land use and land cover. In Idrisi, this function is powerful 

to simulate the land cover changes. This utility is based on the first year land use 

image and the immediately preceding landscape image to model landscape state of the 

specific future year. That means the processing describes land use and cover changes 

from one period to another. Through this method, changes of land use and land cover 

are able to be simulated in maps, and the cross-tabulation matrices which used to 

analyze the transitions between different land use and land cover also can be 

calculated.  
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4. Study area and data description 

The introduction and description of study area and satellite image data are introduced 

in this chapter. In details, first of all, the short introduce, importance, specific 

geographic location and current situation of Shijiazhuang city which is the provincial 

capital of Hebei province is explained. And at last, a general description of satellite 

image data which are used in this thesis is drawn. 

4.1 Introduction to study area 

Shijiazhuang is located in the south-central of Hebei Province (see Figure 2) which is 

included in the Circum-Bohai Sea Economic Zone and the Jing-Jin-Ji (Beijing, 

Tianjin and Hebei) Metropolitan Economic Zone of China. With the development of 

economy, the development of Circum-Bohai Sea Economic Zone is becoming one of 

the most important focuses of economic growth in China. Jing-Jin-Ji Metropolitan 

Economic Zone is one of the regions which have the highest investment intensity and 

the most convenient transportation network in China (Zhang, 2004).  

 

Except the Yangtze River Delta and Pearl River Delta, the development of 

Circum-Bohai Sea Economic Zone is remarkable, especially the Jing-Jin-Ji areas. The 

convenient transportation and the policy support are the advantages of Jing-Jin-Ji 

areas (Han and Tang, 2005). In addition, Shijiazhuang is a typical city in the middle of 

China, and due to the most cities in the middle of China have similar technical, 

political, and economic programs of development, Shijiazhuang is able to represent 

the characteristics and developmental patterns of the middle of China (Xiao, et al., 

2006). Obviously, as a main city in this area, the development of Shijiazhuang is a 

considerable study. 

 

Shijiazhuang city is located at the longitude of 114°29'E and the latitude of 38°04'N, 

and it is not only the centre of policy, economy, culture, finance and science and 

technology of the whole province but also a city which is approved to execute the 

coastal opening-up policy by the State Council. The whole Shijiazhuang city contains 

six districts and 17 counties, and in this thesis, the downtown of Shijiazhuang is the 

major study object (Shijiazhuang China, 2008). In China, Shijiazhuang can be called a 

cities developed by trains and that means the external transportation is very 

convenient. For both industry and commerce, convenient transportation is key factor 

of development. In recent years, the economy and population of Shijiazhuang have 

been rapidly developed. As the fast growing of the industry and agriculture, the city 

occupied area is becoming larger and larger. Meanwhile, the natural environment of 

Shijiazhuang has been polluted to varying degrees due to the industry development, 

population expansion and urbanization. Therefore, the urbanization of Shijiazhuang 

has become quite a valuable issue to be studied on.  
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The LUCC of big and famous city like Beijing and Shanghai in China is obviously, 

and the reports of the migration movement or urbanization of this kind of cities from 

government or urban planners are countless. The developing cities like Shijiazhuang 

is always neglected and the reports of them are lacking. And almost none of the 

related works were used three aforementioned methods in this research to cross check. 

But the developments of this kind of cities should not be ignored. The developments 

of big cities are not enough to report the development of the country, the 

medium-ranking cities account for the large proportion in most countries. Besides, 

even though there are few studies of Shijiazhuang before this research, most of them 

used only one method to detect the LUCC by classifying the satellite image in Erdas 

or ArcMap, and the results from most of them were only changes of land use. To sum 

up, only few attentions have been paid to the developing city of China and the 

integrative reports to study the general situation and significant changes of land use 

and land cover of developing cities are deficient (Xiao, et al., 2006), that is why 

Shijiazhuang as the center city of Hebei province was chosen to study in this research.  

 

Figure 2. The location of study area 

4.2 Data description 

The data used in this thesis was obtained from Airborne Survey and Remote Sensing 

Center of Nuclear Industry of Shijiazhuang. The data from year 1993 and 2000 are 

obtained from Landat. Specifically, the data from 1993 was acquired by Landsat 5 TM 

on September and the resolution is 28.5 m. The data from 2000 was acquired by 

Landsat 7 ETM+ on September and the resolution is 28.5 m. The resolutions of these 

two images should be used in this study due to they are the highest resolutions for 

Landsat TM and Landsat ETM+. The high resolution will improve the accuracy and 

quality of the data.  
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The data from 2009 was acquired by China Brazil Earth Resource Satellite (CBERS) 

on September and the resolution is 19.5 m. This resolution should be changed to make 

sure that all the images have same resolution which is 28.5 m. Before and in the early 

20
th
 century, Shijiazhuang was only a small village. In the late 20

th
 century, 

Shijiazhuang has been developed as a small city and the large-scale development of 

Shijiazhuang just began. Thus, the image data from the nineties of 20
th

 century was 

chosen. The year 2000 is the last year of state ninth five-year plan of whole China, 

and it is also a key year of Shijiazhuang city for responding positively to the state 

control policies. Thus, the image data from year 2000 was chosen. At last, the changes 

after almost ten years of Shijiazhuang should be significant. Thus, the image data 

from year 2009 was chosen. 
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5. Methodologies 

In this thesis, five data preprocesses were operated which were band combination, 

image clip, image enhancement, image classification and post classification. Through 

these preprocesses, the qualities of the original image data of year 1993, 2000 and 

2009 were improved. After then, three major data processes should be completed. 

They were NDVI, urban change detection and CA Markov. Through these processes, 

the final results could be obtained. Based on the introductions above, the methods 

used in this thesis can be divided into four subchapters. The first subchapter is data 

preprocessing which is explaining the detailed steps of each technique of 

preprocessing with images. The second subchapter is image classification which is the 

first major process in this thesis and post classification which is employed to improve 

the quality of classified images. The accuracy of results from post classification is 

estimated in next subchapter. In the final subchapter, the second major process which 

is change detection is introduced in three parts as mentioned before. 

5.1 Data preprocessing 

Most of the image processes are suitable for multi-band image. As mentioned above, 

from tables of introduction of each band in Appendix A, it can be found that band 1, 2, 

3, 4 and 5 show the useful ground features which are suitable for this study, and it is 

difficult to choose the most appropriate band combinations of each image. According 

to research on three methods applications which were mentioned before, the OIF 

method was considered as the most suitable application in this study. Due to the main 

purpose of this thesis is to detect the changes of land use and cover changes in 

different years, the satellite images should represent the largest amount of information 

of ground objects. Whereas the covariance matrix value method also displayed a 

satisfied result, but multi- dimension variances makes that the computation complex 

and more time will be consumed it (Qaid and Basavarajappa, 2008).  

 

Thus, OIF is employed in this thesis and the band combinations should be calculated. 

At first, the standard deviation of each band of 1993 and 2000 were calculated, and 

then according to the formula of OIF and the correlation matrix (Correlation 

coefficients) and standard deviations, the OIF indexes of bands were computed. The 

standard deviation and correlation matrices are shown in Appendix B. Finally, based 

on OIF formula to find all possible 3-band combinations, the largest OIF result index 

that the largest amount of information in specific images are total included as well. 

The OIF index of images from year 1993 and 2000 were achieved and shown below 

(see Table 1 and Table 2). 
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Table 1. The OIF indexes of different TM bands combination in 1993 

 

Band 

combination 

145 245 345 147 247 347 321 432 

Sum std.dev 83.843 68.695 72.012 68.606 53.458 56.775 58.473 51.051 

Sum 

coefficient 

2.860 2.883 2.873 2.807 2.840 2.842 2.958 2.890 

OIF index 29.316 23.828 25.065 24.441 18.823 19.977 19.768 17.665 

 

 

Table 2. The OIF indexes of different ETM bands combinations in 2000 

 

Band 

combination 

145 245 345 147 247 347 321 432 

Sum std.dev 148.159 143.336 151.836 140.725 135.902 144.402 140.808 134.837 

Sum 

coefficient 

2.743 2.731 2.653 2.615 2.621 2.571 2.925 2.692 

OIF index 54.013 52.485 57.232 53.815 51.851 56.166 48.139 50.088 

 

In order to enhance the visual appearance of satellite image and provide the most 

suitable visual sense in which objects’ features are plainly distinguished for humans, 

the OIF is a good choice. Band 5 of Landsat image is sensitive to detect the vegetation 

and the difference between vegetation and non-vegetation is shown well (Bakr, et al., 

2010). Consequently, it is suitable for analyzing the condition of vegetation. The <541> 

of channel of red, green and blue was used as optimum band combination in 1993, 

<543> in 2000 was used in this study. There are only 4 bands in CBERS image and 

the calculation of band combination is unnecessary. Based on the visual quality of the 

image, the band combination of <432> was used in 2009 in this thesis. To be able to 

process the data, all the necessary layers were stacked based on the calculated band 

combination of each image. 

 

Before clipping the images, image of year 2009 was resampled to make sure the cell 

sizes of all the three images are 28.5 m. And then the images were clipped based on 

same extend and geo-referenced in the same coordinate system to make sure that all 

the images after clipping covered a same area. The images should be enhanced before 

the classification process. The original satellite images and their histograms are shown 

in Appendix C. From the figures of original images and histograms, it can be seen that 

the histograms of 1993, 2000 and 2009 are concentrated, the pixels are not 

distributing in the whole range 0-255, and the peak value is too precipitous. So the 

contrasts of images are unsuitable for distinguishing the types of ground objects, 

especially the urban field and agricultural land, as well as barren land and forest land. 

Histogram equalization was used in this study, and the contrasts of images of 1993 

and 2009 were stretched. The enhanced images and their histograms are shown in 

Appendix C. In particular, enhanced contrast of image of 1993 made the vegetated 
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lands which were mixed with other types of land use like construction areas and 

barren lands to be observable on the image. And the enhanced contrast of the image of 

2009 made the barren land and urban field more distinct. Besides, in this thesis, the 

general contrast with gamma method was used for image of 2000 and then the objects 

on the ground were distinguished easily on the enhanced image.  

5.2 Image classification and post classification 

In this thesis, both unsupervised and supervised classification methods were used. In 

the process of unsupervised classification, to get a better result, 10 initial sub-classes 

were set and name with code was given like urban_1 and forest_2. As a general rule, 

the number of initial classes should be at least twice larger than the number of final 

classes, and the adjustment will be easier if the amount of classes is enough. When the 

adjustment was completed, there were five kinds of sub classes in this thesis which 

were urban, forest, agricultural land, water and barren land. The unsupervised land 

use and cover maps of study area in year 1993, 2000 and 2009 are shown in the 

Appendix D. 

 

In the process of supervised classification, during the process of the selection of 

training areas, the Google Earth and land use map of unsupervised classification were 

used as guided maps. Each sub class had its own name with code like agricultural 

land_5 and water 6. In Appendix D, it can be seen that these kinds of sub classes were 

urban, forest, agricultural land, water and barren land which were as same as the sub 

classes’ names in unsupervised classification.  

 

The land use maps from supervised classification were used in this study. Before the 

further process, some post-classification processes were used because the result after 

classification was not satisfied by user and it needed to be adjusted. For example, 

there are some small patches which are not suitable for map analysis. The 

post-classification is able to improve the accuracy of the result from the classification.  

In this study and for all three land use maps, the first step of post-classification was 

called “recode”. During the process of supervised classification, the quantity of sub 

class of patterns was much more than the needed. According to the name and color of 

each sub class, the new code (1 for urban, 2 for forest, 3 for agricultural land, 4 for 

water and 5 for barren land) was assigned to each of them for merging them, so that 

each class has one code, name and color. In this process, zero in statistics was ignored, 

and the output data type was set as unsigned 8bit. After recoding all the groups, the 

quantity of final classes was five. The second step was called “clump”. Through the 

calculation of area of patches and recordation of classified code of adjacent maximum 

patch, three impermanent images were generated. Finally, the third step was called 

“eliminate”, and the input files were the images after clumping. This step is used to 

dissolve smaller clumps into maximum neighbor. The final land use maps of study 

area in year 1993, 2000 and 2009 are shown in Figure 3. The legends show the five 

final classes of the land use and covers in year 1993, year 2000 and year 2009 which 
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are agricultural land, barren land, forest, urban and water. 

 

                         

(a)                       (b)                      (c) 

Figure 3. Land use maps of year 1993 (a), year 2000 (b) and year 2009 (c) after post 

classification of Shijiazhuang city 

5.3  Accuracy assessment 

The best way for checking the result of classification is to check everything in each 

class which can be realized in Erdas Imagine by the function of accuracy assessment. 

To distribute the random points exactly from every class, the equalized random was 

chosen for distribution of parameters and the number of random samples was set as 

300. Each point on the images was given by a class code in reference column. Then 

the class values were shown for checking the agreements. The results were 

represented in tabular with error matrices.  

 

In the error matrices, the procedure’ accuracy refers to the ratio which is calculated by 

the number of correct classified pixels in one class dividing the total number of 

referenced pixels of this class; the user’s accuracy refers to the ratio which is 

calculated by the number of correct classified pixels in one class dividing the total 

number of classified pixels in this class; the overall classification accuracy is 

calculated by the number of correct classified pixels dividing the total number of 

classified pixels; the kappa coefficient is often used for estimating the accuracy of the 

classification (Bakr et al., 2010). The accuracy statistics for classification on three 

years are shown in Appendix E, the accuracy of year 1993, 2000 and 2009 was 

91.67%, 91% and 90.33%. Therefore, the classified maps from supervised 

classification were acceptable and used in the next stages. 
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5.4  The process of change detection 

As mentioned above and based on Equation 2, the band calculation NDVI = (band 4 – 

band 3) / (band 4 + band 3) was used in three images in this study. In Erdas Imagine, 

the NDVI function was used for detecting the changes between vegetated land and 

non-vegetated land which renamed as built-up land of images from year 1993, 2000 

and 2009 in Shijiazhuang city. In the results of them, the changes are shown from -1 

to 1. 

 

Moreover, based on images from two different periods, the change detection function 

in Erdas Imagine can be used to detect the changed areas. To get the results of 

changes of urban areas, the urban maps of all three years were generated by recoding 

the class of urban of each map to 1 and others to 0. This method was useful in this 

thesis due to the specific date of original images were so closed and the achieved 

images were used for analyzing the changes between different years. Two kinds of 

images files which were image difference file (gray scale image) and highlight change 

file (classed image) were achieved. In the gray scale images, the changes of land use 

and cover were shown from large changes with black color to small changes with 

white color. In the classified images, the changes of land use and covers were be 

highlighted. 

 

The last process of change detection in this thesis was CA Markov in Idrisi, the maps 

of land use and cover changes were achieved and used for analyzing. Based on CA 

theory and the maps of changes, a future land-use map was projected by this software 

to predict the trend of land utilization. The modeled image was a result of a pixel by 

pixel estimation of land use, and it did not adhere to the spatial law about special 

dependency and spatial autocorrelation. To improve this prediction model, the CA 

Markov algorithm, transition probability matrix of land use and cover change from 

time A to time B series and transition suability image collection were applied. These 

work in a number of CA iteration, where suitability maps were used in conjunction 

with the generated algorithm. 

 

The final result of the CA Markov shows a considerable ideal image in 2018 through 

analyzing and understanding the change tendency within recent several years in 

Shijiazhuang. CA Markov model is better in terms of number and space simulation of 

land use category and area change. At the same time, this model considers land use 

suitability and also gives full consideration to land use in nature, social and economic 

factors. At least, the result can be accepted from the previous forecast. 
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6. Results and discussions 

In this part of this study, the results of changes of land use and land cover in 

Shijiazhuang city from NDVI, urban change detection and CA Markov will be 

introduced and discussed with the figures and tables respectively of two different 

periods: 1993 to 2000 and 2000 to 2009. The NDVI results demonstrate the 

continuous maps with the legends and the table of statistical data of the changes 

between vegetation and non-vegetation in two periods. The urban change detection 

results demonstrate the maps of highlight changes and difference in two periods in 

Shijiazhuang city. The final CA Markov results represent whether the land use and 

land cover was converted into others or remained unchanged. Based on these results, 

one can draw a conclusion that the urbanization in Shijiazhuang city from 1993 to 

2009 was a stable progress. Urban areas and agricultural areas changed a lot, in 

detailed, most of the agricultural areas were converted into urban areas. The natural 

environment in Shijiazhuang was serious damaged, especially the water area. The 

detailed discussion will be represented below. 

6.1 NDVI results 

The values of NDVI were divided into two categories: non-vegetated land and 

vegetated land. As mentioned before, in the results of NDVI, the negative values and 

zero value represent non-vegetated land while positive values represent vegetated land 

(see Figure 4). Figure 4 illustrates the continuous images of NDVI results to display 

the distribution of NDVI values, and from their legends, the distribution of vegetated 

land and non-vegetated land are also shown. From the Figure 4, the changes between 

vegetated land and non-vegetated land from year 1993, year 2000 and year 2009 were 

significant. 

 

 

                         

(a)                    (b)                     (c) 

Figure 4. The continuous maps which represented the spatial distribution of NDVI values of 

Shijiazhuang in year 1993 (a), 2000 (b) and 2009 (c) 
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Based on the Figure 4, it can be seen that in year 1993, the area coverage of vegetated 

land in white color with positive value was far larger than area coverage of 

non-vegetated land in black color with negative value and zero value. The human 

activities didn’t damage the natural environment before and in year 1993. But the 

situation got worse in less than a decade, the area coverage of vegetated land didn’t 

take obvious superiority any more in year 2000. And in the year 2009, the superiority 

of area coverage of vegetated land completely lost. The NDVI results indicate that 

with the rapid development of Shijiazhuang city, more and more area coverage of 

vegetation was replaced by non-vegetation from year 1993 to 2000 and from 2000 to 

2009. And in the past nearly two decades, the Shijiazhuang city has burgeoned out 

into the surrounding land use and land cover. 

 

 

Figure 5. Chart of non-vegetated land and vegetated land by percentage in three years 

 

Figure 5 and Table 3 explain the NDVI continuous images and the area coverage of 

both non-vegetated land and vegetated land by square kilometers and percentages in 

three years. The results show that in year 1993, the rate of area coverage of vegetation 

was 79.51% (947.89 km
2
) which was far larger than non-vegetation which was only 

20.49% (244.28 km
2
). In year 2000, the rate of area coverage of vegetated land 

dropped rapidly to 42.52% (506.94 km
2
) while the area coverage of non-vegetation 

was larger than vegetation and it increased to 57.48% (685.23 km
2
). There was no big 

change from year 2000 to year 2009, but the rate of area coverage of non-vegetation 

increased to 59.01% (703.50 km
2
) while area of coverage of vegetated land decreased 

to 40.99% (488.67 km
2
). The non-vegetation became the dominant type of land use 

and land cover in Shijiazhuang city in year 2009. All these statistical results 

correspond to the results obtained from the NDVI continuous images. 

 

Table 3. The area coverage by square kilometers and percentages for non-vegetated land and 

vegetated land in three years 

 

Year Non-vegetated 

(km
2
) 

Vegetated 

(km
2
) 

Total 

(km
2
) 

Non-vegetated 

 (%) 

Vegetated 

(%) 

1993 244.28 947.89 1192.17 20.49 79.51 

2000 685.23 506.94 1192.17 57.48 42.52 

2009 703.50 488.67 1192.17 59.01 40.99 
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6.2 Urban change detection results 

This part represents the results produced from urban change detection. The change 

detection was used to monitor the urban growth in this thesis. The classified maps of 

urban areas of Shijiazhuang city were used to extract the dynamic changes of urban 

areas from year 1993 to 2000 and from 2000 to 2009. In the maps of highlight 

changes, the increased areas are shown in red color and the decreased areas were 

shown in green color (see Figure 6). It can be seen that the increased urban areas were 

much more than decreased urban areas in both two different periods. Almost all of the 

changed areas encircled the unchanged areas. And the unchanged areas were still the 

urban areas during two different periods. The center of the city and counties didn’t 

change as time went on.  

 

Based on these changes, it can be perceived that the changes around the main areas of 

urban and some counties were observably and most of them were increased areas 

from year 1993 to 2000. And from the year 2000 to 2009, the biggest change was that 

most of the forest areas were converted into the urban areas, and the expansion of 

urban areas was continued. The urban sprawl in Shijiazhuang city during two periods 

was stable and rapid. 

 

 

 (a)                                 (b) 

Figure 6. The maps of highlight changes between year 1993 and 2000 (a) and changes 

between year 2000 and 2009 (b) in Shijiazhuang 

 

As mentioned above, in the map of difference between two different periods, the 

changes are shown from the largest changes in black color to the smallest changes in 

white color (see Figure 7). The results below indicate that regional differences in land 

use and land cover in Shijiazhuang during two different periods were both significant, 

especially the surrounding areas of downtown and its neighboring counties. The 

changes of land use and land cover took place in Shijiazhuang downtown during 

urbanization process. With the acceleration of urbanization in Shijiazhuang downtown 

and its surrounding counties, the intensity of changes of land use and land cover 

gradually increased in agricultural areas and water, but decreased in unchanged urban 

areas. Combining the maps of differences and maps of highlight changes, it is not 

difficult to find that progress of urbanization in Shijiazhuang city during two different 
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periods have profoundly changed the area coverage of different types of land use and 

land cover, and the trend of changes of urban areas was from the core towards around 

areas. 

 

 

(a)                          (b) 

Figure 7. The maps of difference between year 1993 and 2000 (a) and difference between 

year 2000 and 2009 (b) in Shijiazhuang from large to small 

6.3 CA Markov results 

Based on the classified maps, the CA Markov results were generated. Figure 8 and 

Figure 9 represent the maps of dynamic changes of land use and land cover using the 

outputs of CA Markov at two different periods: 1993 to 2000 and 2000 to 2009. In the 

Figure 8 and Figure 9, the legends of the maps explain the changes from each type of 

land use and land cover to others during each period in different colors in 

Shijiazhuang city. From the thematic maps of year 1993 to 2000, it can be seen that 

the agricultural areas around the urban areas were converted into urban areas a lot 

while the main urban areas remained unchanged, and the most of the water was 

converted into barren land. Besides, the area coverage of forest also changed a lot and 

most of it was converted into agricultural land and barren land. From the thematic 

maps of year 2000 to 2009, it can be seen that main urban areas and barren land still 

remained unchanged, and the agricultural areas and barren areas were converted into 

urban areas sustained. In addition, plenty of forest areas were converted into urban 

areas. 

 

    

Figure 8. The thematic map of LUCC from year 1993 to 2000 in Shijiazhuang 
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Figure 9. The thematic map of LUCC from year 2000 to 2009 in Shijiazhuang 

 

Figure 10 and Table 4 explain the thematic maps of land use and cover changes by 

square kilometers and percentages on different date. From the Figure 10, it can be 

found that the coverage of urban was rising from year 1993 to year 2009, while the 

coverage of agricultural land and forest were decreasing gradually. The changes of the 

water and barren land were not significant. The area coverage of vegetated land was 

considerable in year 1993, while the area coverage of forest was small and a great part 

of vegetated land was agricultural land. 

 

 

Figure 10. Chart of area coverage of each land use and land cover by percentage in three years 

 

From the Table 4, the area coverage of agricultural land was 60.44% (720.56 km
2
) 

which was larger than others in year 1993. It can be seen that the urban or built-up 

land and barren land increased during 1993 to 2000 while the others decreased, 

especially the agricultural land which decreased to 42.75% (509.64 km
2
), and the area 

coverage of water decreased from 1.81% (21.56 km
2
) to 0.13% (1.55 km

2
). From 

2000 to 2009, changes in land use and land cover also took place, but the urban or 

built-up land increased slowly and the water body increased a little, while others 

decreased, especially the agricultural land. 
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Table 4. The area coverage by square kilometers for all categories on different date 

 

Class name 1993 

(km2)    (%) 

2000 

(km2)       (%) 

2009 

(km2)   (%) 

Urban or built-up land 318.91   26.75 532.02   44.63 724.10   60.74 

Agricultural land 720.56   60.44 509.64   42.75 407.38   34.17 

Water 21.56    1.81 1.55     0.13 2.48     0.21 

Forest 124.54   10.45 106.80   8.96 41.65    3.49 

Barren land 6.60     0.55 42.16    3.53 16.56    1.39 

 

Table 5 explains dynamic changes of different land use and land cover during 1993 to 

2000 and 2000 to 2009. From the dynamic changes results, continuous decrease of the 

area coverage of agricultural land and forest, and continuous increase of the area 

coverage of urban or built-up land were represented on one hand. On the other hand, 

it also can be seen that water decreased between 1993 and 2000 but increased between 

2000 and 2009 while barren land was reverse. Moreover, the speed of urban growth 

between 1993 and 2000 was faster than period of 2000 to 2009. 

 

Table 5. The dynamic changes of area coverage by square kilometers for all categories on 

different period 

 

Class name 1993 - 2000 (km
2
) 2000 - 2009 (km

2
) 

Urban or built-up land 213.11 192.08 

Agricultural land -210.92 -102.26 

Water -20.01 0.93 

Forest -17.74 -65.15 

Barren land 35.56 -25.60 

 

Table 6 and Table 7 show the cross-tabulation matrix for the areas changed from one 

land use or land cover to another by percentage. The results show that between 1993 

and 2000, approximately 18% of agricultural land and 2.5% of forest land were 

transformed to urban or built-up land. Obviously, the area coverage of water was only 

0.134% which was extremely rare, and nearly 1.2% of it was converted into barren 

land. In addition, area coverage of vegetated land and urban or built-up land was 

almost equal. Between 2000 and 2009, vegetated land occupied only approximately 

37.6% of total area coverage, and 14% of agricultural land was converted into urban 

or built-up land, while urban or built-up land occupied approximately 60.7% of total 

area coverage with only few water (0.2083%) which was increased and barren land 

(0.1.3887%) which was decreased represented. These indicate that about 30.6% of 

areas transformed from one kind of land use or land cover to another one whereas 

about 69.4% of the area remained unchanged between 1993 and 2000, and about 29.3% 

of areas transformed from one kind of land use or land cover to another one whereas 

about 70.7% of the area remained unchanged between 2000 and 2009.  
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Table 6. Cross-tabulation matrix of different land use and land cover from 1993 to 2000 by 

percentage 

 

1993 - 2000 Urban 

or built-up land 

Agricultural 

land 

Water Forest Barren land Total 

Urban  

or built-up land 

23.5134 18.1982 0.2031 2.4937 0.1920 44.6004 

Agricultural 

land 

1.4156 39.7871 0.0979 1.4209 0.0307 42.7522 

Water 0.0594 0.0342 0.0017 0.0367 0.0020 0.1340 

Forest 1.1863 1.5142 0.3218 5.8691 0.0804 8.9754 

Barren land 0.6449 0.7830 1.2009 0.6541 0.2551 3.5380 

 

 

Table 7. Cross-tabulation matrix of different land use and land cover from 2000 to 2009 by 

percentage 

 

2000 - 2009 Urban 

or built-up land 

Agricultural 

land 

Water Forest Barren land Total 

Urban  

or built-up land 

38.9462 14.0302 0.1063 5.2861 2.3696 60.7384 

Agricultural 

land 

4.8302 28.2671 0.0052 0.9250 0.1434 34.1709 

Water 0.0981 0.0213 0.0205 0.0323 0.0361 0.2083 

Forest 0.5308 0.2556 0.0017 2.6151 0.0905 3.4937 

Barren land 0.1951 0.1780 0.0003 0.1168 0.8985 1.3887 

6.4 Summary and future prediction 

Based on the results which are shown above, the borderlands around downtown, main 

counties and forest were changed a lot, and these changes were in circular 

permutation around these areas. The changes of urbanized area in Shijiazhuang city 

show a spreading trend around main body of the city. Consequently, increase of area 

coverage of urban or built-up land while area coverage of other land use and land 

cover decreased is an inevitable result of urbanization. It can be found that the 

agricultural land occupied more than half of both changed and unchanged areas 

between 1993 and 2000.  

 

Hence, Shijiazhuang was not urbanized and agriculture was the predominant industry 

in year 1993, but rapidly urbanization decreased the area coverage of agriculture. 

Along with the initial stage of urbanization, the area coverage of barren land (unused 

land) was increased but decreased during the process of urbanization. Due to the 

increased urbanization of downtown and development of its adjacent counties, during 
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two different periods, the change of urban or built-up land was net increase, 

meanwhile, the changes of agricultural land and forest was net decrease.  

 

In summary, following the development of Shijiazhuang, the changes of land use and 

land cover are obvious and the morphology of the changes was annular. In the year 

1993, the main type of land use and cover was agriculture, the rate of vegetation was 

high and the river was useable. Between 1993 and 2000, the main change of land use 

and land cover was the change of agricultural land and urban or built-up land. A lot of 

agricultural land was converted into urban or built-up land. During this period, the 

unused land was increased and it indicated that the speed of urbanization was slow. In 

the year 2000, the main type of land use and land cover was agriculture and built-up 

land which means that the changes of land use and land cover was closely related to 

the human activities. In this year, the water almost disappeared and the river bed was 

converted into barren land, and this indicated the irrational development existed in the 

process of urbanization and the river ecology was damaged. Based on the water and 

forest decrease, it can be seen that the urbanization has adverse impacts. The first is 

loss of biological diversity due to the forest and water are a lot of living beings’ 

natural habitats and destroy them will kill a lot of living beings. The second is natural 

environmental pollution and unreasonable development. There is a seasonal river 

named Hutuo River which runs through Shijiazhuang city. The pollution of this river 

is serious, and it was dried up perennial in its history because of excessive 

exploitation and unrestrained development during urbanization (Xiao, et al., 2006).  

 

Between 2000 and 2009, the main change of land use and land cover was also the 

change of agricultural and urban or built-up land. Agricultural land was continuous 

converted in to urban or built-up land and it shows that the demands for built-up land 

were larger than agricultural land and the agricultural industry was not the most 

important industry in Shijiazhuang. In year 2009, the major type of land use and land 

cover was as same as in year 2000, but the area coverage of urban or built-up land 

was far larger than agricultural land. Apparently, the process of urbanization was in a 

stable condition, as people gradually increase the awareness of environmental 

protection and rational use the exploited land, the water was increased but unused 

land decreased in this year. 

 

 

Figure 11. The map of future land use and cover of Shijiazhuang in year 2018 



Fanting Gong & Qingling Liu  Land Use and Land Cover Change 

32 
 

Figure 11 and Table 8 show a future land use map and area coverage of Shijiazhuang 

on year 2018. The results show that in the future nine years, the urban or built-up land 

will continuous increase, at the same time, the agricultural land will continuous 

decrease. It can be found that the speed of urbanization will be kept stable. Along with 

the gradually increase of awareness of environmental protection and government 

support, the water will increase while the barren land which was transformed from 

riverbed will be improved. But the sustained downward trend of agricultural land will 

cause the lacking of food. This is a serious problem during the urbanization of 

Shijiazhuang city and its surrounding counties. 

 

Table 8. The area coverage of different land use and land cover on year 2018 by square 

kilometers and percentage 

 

Class name  km
2 

 % 

Urban or built-up land 749.95 62.91 

Agricultural land 393.79 33.03 

Water 4.17 0.35 

Forest 31.46 2.64 

Barren land 12.80 1.07 

 

Even though the aim of this thesis has been achieved, there were still some 

operational limitations during the process. All three kinds of results were generated 

based on the classification process. Thus, the accuracy of classification is very 

important to the change detection. But there were a lot ground features mixed in the 

images, for instance, there were some counties located in the forest or the foot of the 

hill which made the color of counties and forest were difficult to be distinguished. In 

addition, the simulation of future land use was generated based on the land use map 

on year 2000 and 2009 without any policy factor like environment protection policy 

which is executed by government, social factors like the growth of population and  

economic factor like the demands from industry. All these factors are able to change 

the land use and land cover. Therefore, the precision of simulation cannot be 

guaranteed. 

 

To sum up, using NDVI and supervised classified thematic maps to monitor the 

LUCC in change detection and CA Markov are effective in the issue of LUCC. From 

the LUCC, the urbanization can be analyzed as well. But the accuracy of the results is 

still need to be improved. During the preprocessing, to make sure the resolutions of all 

images were the same, the resample function was employed in this thesis, and this 

step might possibly corrupt the image. And for classification process, the classified 

thematic maps were not absolutely correct. Therefore, the errors could occur in the 

final results due to almost all the results were based on the classified maps. However, 

this kind of method is still useful in issue of LUCC, and the accuracy is possibly 

improved with more time, patience and efforts. 
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7. Conclusions and future work 

Through the detection of LUCC and urbanization, the results and discussions were 

achieved. This thesis integrates the GIS and RS to monitor the changes of land use 

and covers in Shijiazhuang city from 1992 to 2009. In this chapter, the final 

conclusion is drawn first. From the results and discussions above, the trends and 

changes of land use and land cover in Shijiazhuang city can be been clearly from the 

thematic maps and statistical tables. At second, the future work and suggestions to 

enhance the accuracy of the results from the authors of this thesis are also drawn. 

7.1 Conclusions 

The results show that using GIS knowledge and RS technology to monitor the LUCC 

is effective and feasible. Even though there are problems with the accuracy of the data 

and operations, it is a scientific way to detect the LUCC. The technology of change 

detection can be defined as the exploration, recognition and identification of 

differences between multi-temporal data from different dates but in the same area 

(Alboody, et al., 2008). Overall, in this thesis, the two kinds of classification 

approaches and post classification was performed to generate reliable and accurate 

classified maps of land use and land cover. Approximately 90% accuracy indicates 

that the integration of visual interpretation with supervised classification of remote 

sensing data is useful to identify the changes of land use and land cover in this study. 

Accuracy of classification is important due to the all the results of changes should be 

generated based on the results of supervised classification. After then, NDVI, change 

detection of urban growth and CA Markov analysis were performed to monitor the 

LUCC during period of 1993 to 2000 and period of 2000 to 2009. The statistics data 

especially the cross-tabulation matrices are very useful to analyze the trends of 

changes. It also proves that urbanization can be analyzed through the changes of land 

use and land cover. 

 

It can be seen that the urbanization of Shijiazhuang is tending towards stability. Urban 

growth is an irresistible process during the development of a city. During this process, 

the area coverage of urban or built-up land will occupy the area coverage of other 

land use and land cover, some undesirable changes like the increase of barren land 

and decrease of water and forest will happen and natural environment will be more or 

less destroyed. The results of this study show that a lot of agricultural land was 

converted into urban or built-up land, and the river was destroyed. Natural factors like 

wind or water erosion change the land cover in a long process, unlike the human 

activities such as the increase of population, development of economy and variation 

of policy which can change the land use and land cover in a very short process.  

Attaching importance to the effects from human activities is valuable during the 

process of urbanization. In conclusion, the main cause of urbanization is the rapid 
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population growth. This issue is necessary to be studied for the future development of 

Shijiazhuang. 

 

Generally speaking, the preconcert aim which is using LUCC to monitor urban 

growth based on GIS and RS of this thesis has been achieved. Updating the 

information of LUCC using GIS and RS is helpful for development of human society. 

Furthermore, the limitations also have been mentioned above. The methods used in 

this study are not only suitable for Shijiazhuang but also available to other cities. The 

information from this research is helpful and valuable for urban planners who would 

like to develop the Shijiazhuang city or apply similar analysis to other cities. Besides, 

these results are useful for decision maker to investigate and detect the planning of 

development in Shijiazhuang, or offer the future thinking of other related application 

of this study. 

7.2 Future work 

The issue of LUCC is one of the most important research fields in science of 

geography. The urbanization is a result from interactions between natural environment 

and human activities. This study provides a combining method to monitor the LUCC 

and urbanization in Shijiazhuang city. Although this study has discussed the LUCC 

especially the urbanization and achieved some results, the limitations like time and 

data resources made this study of human activities could not be more specific. 

 

As mentioned above, the accuracy of results from urban change detection and CA 

Markov depended on the accuracy of classification. In the future studies, more time 

and efforts should be spent on the accuracy improvement as the accuracy of 

classification is extremely important to the results of LUCC. Improving accuracy of 

classification will enhance the qualities of results from urban change detection and 

CA Markov, and the statistical data of changes of land resource will also be more 

accurate. 

 

This study was only depended on the satellite images to identify the different ground 

features. All the results were generated from the RS data. Though this study, we hope 

the analysis of urbanization could be performed in more medium-ranking cities based 

on the populations, the local resident income and the living standard of local resident, 

and the estimation and forecast of the future change of urban area which are helpful to 

decide the development strategy should be followed. 
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Appendix A: Band description 

In this appendix, the first three tables show the wavelengths, colors and resolutions of 

different bands in TM image, ETM image and CBERS image. The forth table shows 

the purpose of each band in the satellite image. From these tables, the detailed 

information about each band in TM, ETM and CBERS can be analyzed by specific 

application. 

 

Table A1. Wavelengths, colors and resolutions of different bands in TM image 

 

Band Wavelengths Color Resolution 

1 0.45-0.52 μm Blue 30 m 

2 0.52-0.60 μm Green 30 m 

3 0.63-0.69 μm Red 30 m 

4 0.76-0.90 μm Near IR 30 m 

5 1.55-1.75 μm Mid IR 30 m 

6 10.40-12.50 μm Thermal IR 120 m 

7 2.08-2.35 μm Mid IR 30 m 

 

 

Table A2. Wavelengths, colors and resolutions of different bands in ETM image 

 

Band Wavelengths Color Resolution 

1 0.45-0.52 μm Blue 30 m 

2 0.52-0.60 μm Green 30 m 

3 0.63-0.69 μm Red 30 m 

4 0.76-0.90 μm Near IR 30 m 

5 1.55-1.75 μm Mid IR 30 m 

6 10.40-12.50 μm Thermal IR 60 m 

7 2.08-2.35 μm Mid IR 30 m 

PAN 0.50-0.90 μm Panchromatic 15m 

 

 

Table A3. Wavelengths, colors and resolutions of different bands in CBERS image 

 

Band Wavelengths Color Resolution 

1 0.45-0.52 μm Blue 19.5 m 

2 0.52-0.60 μm Green 19.5 m 

3 0.63-0.69 μm Red 19.5 m 

4 0.77-0.89μm Near IR 19.5 m 

PAN 0.51-0.73μm Panchromatic 19.5 m 
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Table A4. Purposes of each band (Brandt, 2009) 

 

Band Main purpose 

1 • Mapping of coastal water areas       

• Differentiating between soil and vegetation 

• Forest type observtion 

2 • Corresponds to green reflectance of healthy vegetation 

• Cultural feature identification 

3 • Distinguish between many plant species  

• Determining soil boundary delineations as well as cultural features 

4 • Responsive to the amount of vegetation biomass present 

• Crop identification             

• Emphasizes soil and crop part contrast, land and water part contrast 

5 • Sensitive to amount of water in plants, which is useful in crop 

drought and in plant health analyses 

•Distinguish roads, vegetation and water bodies 

• Penetrate through atmosphere and clouds part 

6 • Detection of vegetation and crop stress 

• Application of Heat island and detection temperature  

• Locating thermal pollution and geothermal activity 

7 • Distinguish of geologic rock type and mineral 

• Distinguish of soil and vegetation  

8 • Enhance image resolution 
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Appendix B: Tables of band combination 

In this appendix, there are two tables showing the spectral statistical characteristics of 

TM image of year 1993 and ETM image of year 2000 and two tables showing the 

correlation coefficients of TM image of year 1993 and ETM image of year 2000. 

 

Table B1. Spectral statistical characteristics of TM image in 1993 

 

Band Min Max Mean Std Dev 

1 0 156 38.882 28.484 

2 0 78 17.723 13.336 

3 0 100 21.356 16.653 

4 0 102 27.367 21.062 

5 0 179 43.360 34.297 

6 0 150 82.243 59.327 

7 0 242 23.146 19.060 

 

 

Table B2. Spectral statistical characteristics of ETM image in 2000 (*: low pass, #: high pass) 

 

Band Min Max Mean Std Dev 

1 0 255 54.853 47.318 

2 0 255 47.680 42.495 

3 0 255 52.916 50.995 

4 0 166 47.051 41.347 

5 0 255 64.277 59.494 

6* 0 196 90.173 76.325 

6# 0 255 111.614 95.371 

7 0 255 51.745 52.060 

8 0 179 41.138 35.551 

 

 

Table B3. Correlation coefficients of TM image in 1993 

 

Band 1 2 3 4 5 6 7 

1 1.000 0.992 0.974 0.951 0.947 0.988 0.934 

2 0.992 1.000 0.992 0.957 0.964 0.968 0.961 

3 0.974 0.992 1.000 0.941 0.970 0.940 0.979 

4 0.951 0.957 0.941 1.000 0.962 0.942 0.922 

5 0.947 0.964 0.970 0.962 1.000 0.924 0.983 

6 0.988 0.968 0.940 0.942 0.924 1.000 0.898 

7 0.934 0.961 0.979 0.922 0.983 0.898 1.000 
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Table B4. Correlation coefficients of ETM image in 2000 (*: low pass, #: high pass) 

 

Band 1 2 3 4 5 6* 6# 7 8 

1 1.000 0.991 0.952 0.928 0.958 0.983 0.982 0.917 0.982 

2 0.991 1.000 0.982 0.894 0.980 0.964 0.969 0.957 0.971 

3 0.952 0.982 1.000 0.816 0.980 0.910 0.923 0.985 0.925 

4 0.928 0.894 0.816 1.000 0.857 0.932 0.916 0.770 0.967 

5 0.958 0.980 0.980 0.857 1.000 0.940 0.950 0.984 0.945 

6* 0.983 0.964 0.910 0.932 0.940 1.000 0.998 0.883 0.973 

6# 0.982 0.969 0.923 0.916 0.500 0.998 1.000 0.900 0.968 

7 0.917 0.957 0.985 0.770 0.984 0.883 0.900 1.000 0.891 

8 0.982 0.971 0.925 0.970 0.945 0.973 0.968 0.891 1.000 

 

 

 

  



Fanting Gong & Qingling Liu  Land Use and Land Cover Change 

42 
 

Appendix C: Figures of image enhancement 

In this appendix, Figure C1 to Figure C3 show the original satellite images and 

histograms of the study area in year 1993, 2000 and 2009. Figure C4 to figure C5 

show the enhanced satellite images and histograms of the study area in year 1993, 

2000 and 2009 through the image enhancement processing. 

 

 

Figure C1. Original satellite image of 1993 (left) and Histogram of it (right)  

 

 

Figure C2. Original satellite image of 2000 (left) and Histogram of it (right)  
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Figure C3. Original satellite image of 2009 (left) and Histogram of it (right)  

 

 

Figure C4. Enhanced image of 1993 (left) and Histogram of it (right) 

 

 

Figure C5. Enhanced image of 2000 (left) and Histogram of it (right) 
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Figure C6. Enhanced image of 2009 (left) and Histogram of it (right) 
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Appendix D: Figures of image classification and post 

classification, classification 

In this appendix, at first, Figure D1 to Figure D3 illustrate the unsupervised classified 

maps of land use and land cover of study area in year 1993, 2000 and 2009, and their 

legends explain the type of land use and cover with specific code. At second, Figure 

D4 to Figure D6 illustrate the supervised classified maps of land use and land cover of 

study area in year 1993, 2000 and 2009, and their legends explain the type of land use 

and cover with specific code.  

 

 

Figure D1. Unsupervised classified map of land use and cover of Shijiazhuang in 1993 

 

 

Figure D2. Unsupervised classified map of land use and cover of Shijiazhuang in 2000 
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Figure D3. Unsupervised classified map of land use and cover of Shijiazhuang in 2009 

 

 

Figure D4. Supervised classified map of land use and cover of Shijiazhuang in 1993 

 

 

Figure D5. Supervised classified map of land use and cover of Shijiazhuang in 2000 
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Figure D6. Supervised classified map of land use and cover of Shijiazhuang in 2009 
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Appendix E: Report of accuracy assessment 

In the last appendix, the three tables show the accuracy statistics for the classified 

results from supervised classification of year 1993, 2000 and 2009. The class code 

and class name of the three years of the classified maps are arrange in the same order. 

The accuracies of procedure and user are given in percentage values. 

 

Table E1. Accuracy statistics for classification of year 1993 

 

1993 

Classified 

data 

Class code Class name Procedure’s accuracy 

(%) 

User’s accuracy 

(%) 

1 Urban 100% 95.08% 

2 Forest 86.67% 91.23% 

3 Agricultural land 100% 97.10% 

4 Water 85.96% 85.96% 

5 Barren land 85.71% 82.27% 

Overall classification accuracy = 91.67% 

Kappa statistics = 0.90 

 

 

Table E2. Accuracy statistics for classification of year 2000 

 

2000 

Classified 

data 

Class 

code 

Class name Procedure’s accuracy 

(%) 

User’s accuracy 

(%) 

1 Urban 95.45% 94.03% 

2 Forest 90.00% 88.52% 

3 Agricultural land 93.65% 96.72% 

4 Water 88.00% 86.27% 

5 Barren land 88.33% 88.33% 

Overall classification accuracy = 91.00% 

Kappa statistics = 0.89 
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Table E3. Accuracy statistics for classification of year 2009 

 

2009 

Classified 

data 

Class code Class name Procedure’s accuracy 

(%) 

User’s accuracy 

(%) 

1 Urban 91.94% 93.44% 

2 Forest 91.67% 91.67% 

3 Agricultural land 91.67% 91.67% 

4 Water 89.47% 86.44% 

5 Barren land 86.89% 88.33% 

Overall classification accuracy = 90.33% 

Kappa statistics = 0.88 

 


