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Abstract. The processing and analysis of spatial data especially land-use are becoming increasingly 

dependent on the methodology used in managing the data rather than only using only Geographic 

Information System (GIS) software. Our approach in handling spatial data for recorded land-use 

data using basic land-use concept saves cost and is effective for developing land-use analysis. The 

aim of the study is to design and explain how land use data can be retrieved and managed by a free. 

The example was used to analyze land-use change, with freely available tools. These tools can 

handle the spatial data very well.  The computation was based on the actual number of observations 

via Google Earth with free version on pilot area. The results demonstrate the use of normal statistics 

analysis for prediction in the analysis of land use change is easy to understand. 

Introduction 

Land-use investigation has been changes the world when the Remote Sensing (RS) technology 

developed. Land-use change can explain the phenomenon of the activities on a land.  The land-use 

data contain spatial information such as environmental, social, economics, geographical etc., which 

are of high value for planning or developing the world nowadays. The data recorded more than 

million records into database of the government official, such huge database are difficult for 

information retrievals and need the use of only the GIS software. Moreover, these data are 

important for the government making it difficult to get it from their office. 

Researchers around the world developed a methodology and land-use database for studying land-

use change with different positions. Recently, new database management has been developed to 

handle relational information. In the past database idea was been designed in three stages such as 

conceptual, logical andphysical [1].  Database has been used for land-use investigation in 

geographical information system (GIS) field. Several researchers used database to study land-use 

and managed land-use database. 

Suk et al. developed urban GIS database for integrated land-use and property development in 

Seoul, South Korea. The database contains type of properties such as building, land-use type and 

land quality[2].  

This database has useful information for land-use planning.  Jose implemented land-use data 

from landsat thematic mapper (TM) as an operational relational database, which allows querying for 

detailed land cover/use information. RDBMS Microsoft Access was used to implement the database 

structure and structured query language (SQL) was used to analyze elementary terrain 

information[3]. Liu et al. developed land-use cover in China which greatly supported the nation 

land-use/land-cover (LUCC) change. The LUCC was developed by the definition of land-use 

categories and recorded into database in commercial program [4]. 

In addition, Zhou developed an object-relational prototype of a GIS-based disaster database that 

reported information on disastrous events, from perspectives of both emergency management and 

spatial database development. The development of database has been approach by programs such as 

web-based GIS systems, ArcGIS server and etc. [5]. Moreover, Maryati et al. managed GIS 

database for environmental management in Indonesia, where ArcGIS was used to handle the task 
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and also used ArcCatalog software for classifying land-use type [6]. All studies can implement 

setups for achieving useful database but the solutions, recordings and transforming land-use data are 

quite complicated and the management depends on only the commercial software or other free 

software. 

Although studying land-use database also requires the use of software, huge database of land-use 

nowadays has been developed by simple method to manage the data with the help of freely 

available software. Data sources for analysis of land-use change use Remote Sensing data (RS), 

which it comes from satellite image. But the cost of satellite image is high if you want to use in 

investigating land-use change.  Google Earth provides freely information for investigating land-use 

if we want to estimate the changes and show basic statistics presentation.  However, Thinnukool et 

al. developed program command for detecting land-use by using R program, which can detect land-

use data from shape file. The question is how to manage land-use data or investigate land-use 

change without costing a dime if we have no information (data) and no software (GIS) [7]. 

First of all, the points that we need to consider are how to record land-use data, how to get the 

information from Google and how to analyze the changes that have occurred.  The aim of this 

research is to design the basic land-use data analysis with relational database for analysis which 

starts with the questioning how we can record land-use data when we have no information and tool. 

Firstly, we can use eye estimation method to classify land-use type such as developed and 

undeveloped areas [8]. 

The data were managed and recorded by the use of a common tool other than GIS commercial 

software. It is expected that basic land-use databases can retrieve the information for analysis, 

planning, and can also display the basic statistics of an area. 

Materials and Methods 

The first step was to get the land-use data from Google Earth. The land-use data were retrieved 

from Google to display the area that we wanted to record. The study area is close to Chiang Mai 

University (Fig. 1) The picture was taken in 2013, bird eye view capture at 1.48 km.  Eye estimation 

method has been used to classify land-use type [8]. Although, this method does not provide 

accuracy in position of a specific area, is commonly used. The advantage of this method is because 

it’s fast to get data (saves time), and the shortcoming is that the precision is low. 
 

 
Fig.1 Pilot area 

This step we used the satellite image from Google Earth in Fig. 2, with the area been 10x10 

meter (square). We used these symbols to represent the land use type (D indicates developed area 

and U undeveloped area). For example, first row and fourth column indicates D, whereas the area 

on the map located by the building at bottom right indicates U because it consists of trees. In the 

next step, positions of each area (square) which is ordered as X and Y are located, and transferred 

into the table. 

Table 1: Records the positions of land-use types, which corresponds to Fig. 2(example, 2 rows 2 columns). 
Position X Y Type 

X1Y1 494.760 207.775 D 

X2Y1 494.770 207.775 D 

X3Y1 494.780 207.775 D 

. . . . 

. . . . 
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X10Y1 494.850 207.775 D 

X1Y2 494.760 207.765 D 

X2Y2 494.770 207.765 D 

X3Y2 494.780 207.765 D 

. . . . 

    

. . . . 

X10Y2 494.850 207.765 U 

Image Transformation 

Image transformation of land-use map in Google Earth is capture via google earth software (free 

version) 
 

 

Fig. 2 Google map has been divided into squares, 10x10 meters (1 grid) illustrating the land-use types. Note that 

example of the area of study has 10 rows and 7 column, which is ordered by coordinate x, y with the red lines indicating 

the built up areas. 

Data Management  

Creating database one needs to have data table to link the data which are related in order to have 

accuracy in results. Basically, database concepts are designed to handle data structure information. 

It starts with recording the positions of points and considering land-use type into each box (raster 

format), which is known in remote sensing as “supervise classification and unsupervised 

classification”. Google Earth provides high resolution map, which land-use type easily is indicated 

in the map by zooming in and out. Moreover, 3D function can show clearly images on the map. 

After downloading the map and recording the positions and land-use types into the table, we use the 

information from Fig. 2 to change and insert Primary key (PK), which is illustrated in table 2 right 

panel. Land-use data for each year can shows historical imagery by using Google Earth software 

(free version) to see the changes on the Google map. Note that, we can record land-use data in each 

year to investigate land-use change.  

Basically, the left and right panels for table 3 are related by PointID. These two tables can be 

extended to more tables such as finding the density of population, temperature or type of building 

and environmental conditions etc. (example in right panel of Table 3), depending on information for 

the study.  

Conceptual model illustrated in Figure 3demonstrates land-use dataset mainly contains PlotID, 

and X Y positions, which shows the relationship between these two attributes land-use position and 

land-use type. Land-use type contains PlotID, land-use type (Developed or Undeveloped), and 
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Land-use description (explains the characteristic of land-use). Other attributes such as ownership of 

land, population, and price of land are factors that can be included in finding the changes in land use. 

Table 2: The left table shows land-use positions and land-use types, but with the  

table on the right the position has been renamed as PointID. 

 

 

 

 

 

 

 

 

 

Table 3: Left table shows land-use position (X and Y) and PointID (PK), and the right one shows PointID and land-use 

classification (Type) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3: Conceptual model 

Position X Y Type 

X1Y1 494.760 207.775 D 

X2Y1 494.770 207.775 D 

X3Y1 494.780 207.775 D 

. . . . 

. . . . 

. . . . 

X10Y1 494.850 207.775 D 

X1Y2 494.760 207.765 D 

X2Y2 494.770 207.765 D 

X3Y2 494.780 207.765 D 

. . . . 

. . . . 

. . . . 

X10Y2 494.850 207.765 U 

. . . . 

. . . . 

. . . . 

 

PointID X Y Type 

1 494.760 207.775 D 

2 494.770 207.775 D 

3 494.780 207.775 D 

. . . . 

. . . . 

. . . . 

10 494.850 207.775 D 

11 494.760 207.765 D 

12 494.770 207.765 D 

13 494.780 207.765 D 

. . . . 

. . . . 

. . . . 

20 494.850 207.765 U 

. . . . 

. . . . 

. . . . 

70 494.850 207.705 U 

 

PointID X Y 

1 494.760 207.775 

2 494.770 207.775 

3 494.780 207.775 

. . . 

   

. . . 

. . . 

10 494.850 207.775 

11 494.760 207.765 

12 494.770 207.765 

13 494.780 207.765 

. . . 

. . . 

. . . 

20 494.850 207.765 

. . . 

. . . 

. . . 

70 494.850 207.705 

 

PointID Type 

1 D 

2 D 

3 D 

. . 

. . 

. . 

10 D 

11 D 

12 D 

13 D 

. . 

. . 

. . 

20 U 

. . 

. . 

. . 

70 U 

 

PointID Variable Variable 

1   

2   

3   

. .  . 

. .  . 

. .  . 

10    

11   

12   

13   

. .  . 

. .  . 

. .  . 

20    

. .  . 

. .  . 

. .  . 

70    
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Next step we record land-use data into a database by R program download at http://cran.r-

project.org/bin/windows/base/. R program is a freely available software, which is once of 

programming language and environmental software for statistical computing and graphics. R 

program can analyze data in statistical term especially spatial data.  Land-use data has been 

recorded into notepad, which it contains attribute of land-use data such as PlotID, x, y, type2000, 

type2005, type2010, type2013 and development2013 which are shown in figure 4 below: 
 

 
Fig. 4 Notepad files contains land-use data that was recorded from Google Earth free version. Next step, when R 

program has been install into the computer, the file in Fig. 5 are then computed by the program.Command line in R 

program starts to read the notepad file (.txt) in to R program and import file name “simpleAreaCMU.txt” into p1 

(variable). 

 

 
 

Fig. 5 The land-use data in the R program is contained in p1 (variable). Note that, attribute develop2013 show land-use 

changes to developed area (indicate 1) and no changes (indicate 0), which this attribute investigate land-use change 

between each year and 2013. 

 

Analysis of Land-use  

This section explains how to analyze land-use data which was recorded in previous section in a 

table form. The data were recorded for a period of seven year, 2002, 2003, 2005, 2010, 2011, 2012, 

and 2013. Next step the land-use data from all the years will be managed by Excel to count the 

number of land-use type. After which statistical model will used to predict the probability of land-

use change in the years and this model is known as logistic regression. Logistic regression was used 

because the outcome variable of the model is binary.  
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Classifications of the outcome variable in this article are developed land or undeveloped land. 

The model creates a linear relationship between independent variable (X) and the dependent 

variable (Y). The logistic regression formula is indicated below; 

𝑃 = (𝑌 = 1/𝑋𝑖)
1

1+𝑒𝛼+
 𝛽𝑖𝑋 𝑖
𝑛
𝑖=1

                                                              (1) 

 

P is the probability of occurrence of developed land. Y is the dependent variable which is 

developed land in each year. Xi depicts the independent variable. Normally using logistic regression 

need to classify observed and predicted values of model. Using binomial logistic regression need to 

check percentages of correction. However, this paper only shows the conceptual framework for 

develop and management land-use data.The logistic regression is an easy command in R, Fig. 4 

presents the command to analyze land-use change. 

 
Fig. 6: R (programming) command for analyzing land-use change with logisticregression 

Results and Discussion 

According to the command in Fig. 6 land-use change was analyzed, where the probability for a 

change in area of land was found (developed or undeveloped). The results from using statistical 

model such as logistic regression is shown using the example of land-use change from 2002-2013, 

which data for small sample of 70 points (70 hectares) were selected from Fig. 2 Result from fitting 

logistic regression model shows undeveloped area is very likely to change to developed area (p-

value for no change 0.0075).  Fig. 7 (small rectangle) explains the estimated value 0.1863, which 

tells the probability of land-use change in 2013 based on 2002, the occurrence of urban growth is 

1.20 times the occurrence of no urban growth. Standard error was 0.2833, z-value was 0.658 and p-

value was 0.51078.  
 

 

 
Fig. 7: R (programming) command for analyzing land-use change 

 

First period, land-use change between 2002 and 2005 is not too much, which logistic regression 

predicts land-use change from undeveloped area to developed area is 0.205 times. Second period, 

growth of development is 0.596 times.  Third period, land-use change from 2010 to 2013 is 1.20 
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times.  Figure 8 illustrates bar chart for land-use change in four periods.  To see the land-use change 

year by year, bubble plot illustrated land-use change three periods. 
 

 
Fig. 8: Bubble plots show numbers of land-use change in hectare unit. 

 

Conclusions 

The example was used to analyze land-use change, with freely available tools such as Google Earth, 

and R program. These tools can handle the spatial data very well.  Although, this research ignores 

factors that support land-use change which was stated from the beginning of the paper, the analysis 

was basically for investigation of land-use change, in which a researcher can try to learn without 

any GIS program.  Researchers can develop programming command to show bar chat or any 

statistical display, which make it easy to read and understand.  However, the spatial data need to be 

checked for an accuracy of thematic map. We expect that the freely available software will release 

the program with up to date information, which provides a good opportunity to management land-

use or land-use planning.  
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Ying Wang 449 

Yingxu Lai 686 

Yong Liao 629 

Yong Zhang 467 

Yong Zhu 510,515,521 

Yongfeng ZHENG 79 

Youmin HU 79 

YU Jiyan 400 

Yu-an Tan 653,770 

Yuanyuan Li 527 

Yue Guo 387 

Yue Yao 603 

Yueming Hu 609,615 

Yueping Wu 472 

Yufei Zhang 696 

Yu-han Zhou 719 

Yung-Wang Lin 595 

Yunjian Jia 675 

Yuri Ushakov 344 

Yuriy I. Lutskov 60 

Yury A. Ivanov 260 

Yury M. Mironov 255,295 

Yury P. Prilepo 301 

  

Z  

ZHAI Meng 430 

Zhang Junbin 357,362 

ZHANG Qiang 400 

Zhao Xiao-dong 705 

Zhen Jia 776 
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Zhijun Liu 756 

Zhiqing Huang 387 

Zhiyong Xu 510,515,521 

Zhiyong Zhang 510,515,521 

Zhuangsheng Zhu 350 

Zhuo zhang 748 
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