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In recent years, urban growth is one of the major issues that have gravely contributed to 
the destruction of the ecosystem. Land-use change detection is one of the most widely 
used techniques for evaluating urban growth patterns. This paper uses change-detection 
technique to evaluate urban development and its effect on land-use change in Seremban 
City. Four land-use maps from 1984, 1990, 2000, and 2010 are used to detect land-use 
change in Seremban. Land-use values are initially computed by using GIS environment. 
Then, mathematical methods are used to determine the amount of change in each 
category of land use in Seremban from 1984 to 2010. Linear regression is used to 
identify the effect of built up areas on other types of land use. Results confirm that the 
built up area increased from 34.94 km2 in 1984 to 190.48 km2 in 2010, which suggests 
than urban development increased in Seremban. Meanwhile, linear regression results 
confirm that the built up category decreases agricultural land, indicating that new 
policies must be established for the protection of vegetation areas during urban and 
economic development in Seremban. 
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INTRODUCTION 

 
The effect of urban development on the ecosystem has now become a global issue that must be addressed 

by planners and decision makers [1]. In recent years, geographic information systems and remote sensing have 
been employed for several applications, including the detection of land-use changes [2]. Land-use maps 
extracted from satellite images reflect significant data commonly used in urban studies [3, 4]. The number of 
land-use classes in each map is determined on the basis of image resolution. An increase in satellite image 
resolution corresponds to an increase in the number of land-use classes in each map [5] 

Change detection is a commonly used method for evaluating urban growth that offers several advantages 
when used in urban growth studies. For example, this technique provides a strong visualization of urban issue 
for different periods. In addition, it can provide statistical representation for the analysis, measurement, and 
identification of urban growth in specific areas. Moreover, change detection is easy to perform and understand 
[6, 7]. Change-detection techniques for evaluating urban growth are commonly implemented by using GIS and 
RS tools and software on satellite images or land-use maps [7–9]. This paper primarily aims to evaluate urban 
development and land-use change in Seremban City through change-detection technique. Furthermore, this 
paper seeks to determine the effects of urban growth on land-use sustainability in Seremban by using a linear 
regression model. The main contribution of this paper is the integration of qualitative and quantitative 
techniques, namely, land-use change-detection technique and linear regression model, to elucidate the issue. 

 
Study area:  

Seremban City is the largest district and the capital of the Negeri Sembilan State. The study area is located 
between longitudes (101º 45' 0" E and 102º 6' 0" E) and latitudes (3º 0' 0" N and 2º 30' 0" N). The city occupies 
a total land area of approximately 935.78 km2. Seremban City, which comprises the districts of Seremban, Setul, 
Labu, Rasah, Ampangan, Rantau, Pantai, and Lenggeng (Figure. 1), is located approximately 20 km from 
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Putrajaya, which is considered the national capital of Malaysia, and approximately 67 km from Kuala Lumpur, 
which is the economic center of Malaysia. 

                     
 
Fig.1: Location of the study area 
 
Materials and Methods:  

This study utilized certified land-use maps from the Department of Agriculture, Malaysia, from 1984, 1990, 
2000, and 2010. These land-use maps were extracted from Spot Images 5 with a 2.5 m resolution. All of the spot 
images were registered and geo-corrected with ground control points by using GPS. Image-enhancement 
techniques were used to classify all images with accuracy. Supervised classification method was used to classify 
all clipped images to extract land-use categories. Field data were collected by using GPS to assess the accuracy 
of classification by comparing the classified images with GPS points from the field for each type of land use. 
The accuracy assessment values reached acceptable values of kappa index, indicating that the image 
classification is acceptable. According to the Anderson scheme, the acceptable kappa index value for accuracy 
assessment is more than 0.85 [5]. To ensure that the accuracy of classification by the land-use maps generated 
by the Malaysian Department of Agriculture reaches acceptable values, this study assessed the accuracy of 
classification by the land-use maps from 2000 and 2010. The evaluation results confirm that the overall 
accuracy and Kappa coefficient of the tested maps satisfied the standards. Overall accuracy values of 90% and 
88% and Kappa values of 0.88 and 0.86 were achieved for the land-use classified maps of the years 2000 and 
2010, respectively. Thus, the accuracy results may be generalized to the maps produced in other years. The land-
use maps employed in this study deviated from the population census dates (1980 and 1991). To solve this issue, 
the population data of 1984 and 1990 were interpolated. 
         
Table 1: Description of land-use classification 

Level I Level II 
Urban area Residential, commercial and services, industrial, transportation, communications, and utilities, 

mixed urban or built-up Land, and other urban or built-up land. 
Agriculture land Vegetables, rubber, oil palm, coconut, orchards, banana, grass nursery, others crops, grasslands, 

and scrub. 
Forest Dense forest, secondary forest, and mixed forest land 
Open area Sandy areas, quarry and ex-quarry, cleared land, mining and ex-mining areas, and transitional 

areas. 
Rural land Mixed horticulture (village), poultry and others, pasturelands, and range land. 
Water River, canals, waterway, drain, lakes, ponds, and marshland. 

 
Change-detection technique: 

Change-detection techniques for evaluating urban growth and land-use changes are typically implemented on 
satellite images or land-use maps under the same spatial resolution as that used for GIS and RS tools and software 
[7–10]. Several urban change-detection techniques have been developed. However, researchers do not agree as to 
which method is the most suitable for land-use change detection because of environmental and sensor factor 
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errors as well as image resolution [11]. This study used the simple overlay method of land-use maps within 
ArcGIS and IDRISI softwares to extract the change values in urban areas and other categories of land use in 
Seremban. In addition, mathematical methods, such as average, rate of change, and linear regression, were used 
to evaluate the historical changes of land use and to explain the effects of urban areas on other types of land use 
(Figure 2). 

 
 

 
 
 
 
 
 
Fig. 2: Operational processes used to generate the land-use maps of Seremban. 
 

RESULTS AND DISCUSSION 
 
The significant changes of land use in Seremban are shown in Table 2 and Figure 3. Results of the land-use 

analysis confirmed the increase in the urban area from 34.94 km2 in 1984 to 190.48 km2 in 2010. This rising 
change rate can be attributed to the rapid development operations in the study area, such as population growth 
and increased household income (Table 3). Population and economic growth are major causes of urban growth 
because of the increase in demand for land and houses [12, 13]. Urban growth was concentrated in the 
Northwest and Southwest regions of Seremban (Figure 3), which occurred because of new urban development 
in Nilai, Seremban 2, and Seremban 3 [14]. By contrast, agriculture lands decreased from 603.04 km2 in 1990 to 
429.43 km2 in 2010 as a result of urban growth. Most agricultural lands, such as rubber fields, which are located 
in new development areas have decreased in area as a result of construction projects; these lands are suitable for 
housing in terms of elevation and location [15]. 
 
Table 2: Changes in land-use densities between 1984 and 2010. 

 
Land cover 
classes 

Land use of Seremban 1984 Land use of Seremban 
2010 

Change between 
1984 and 2010 

Average rate of change 

Km2 % Km2 % Km2 % Km2/year % 
Agricultural 603.04 63.35 429.43 45.11 -173.61 -28.78 -6.67 -1.10 
Forest 265.83 27.93 248.75 26.13 -17.08 -6.43 -0.65 -0.24 
Open area 10.96 1.15 37.89 3.98 +26.93 245.71 1.03 9.45 
Rural area 34.10 3.58 32.45 3.41 -1.65 -4.84 -0.06 -0.18 
Urban area 34.94 3.67 190.48 20.01 +155.54 445.16 5.99 17.12 
Water bodies 3.00 0.32 12.87 1.36 +9.87 329 0.37 12.65 
Total 951.87 100 951.87 100 - - - - 

         
 Table 3: Population and economic growth in Seremban from the Department of Statistics, Malaysia. 

Time period 1984 1990 2000 2010 
Population growth 233086.5 248234.5 383530 536147 

Income growth (RM) 792 1167 2472 4025 

 
Figure 4 shows that agricultural lands have a high rate of negative change. By contrast, urban areas have a 

high rate of positive change, which indicates the onset of urban growth, especially between 2000 and 2010, as a 
result of spatial development particularly in Seremban and generally in Malaysia [16–19]. 

As shown in Figure 5 and Table 4, which were created by using Land Change Modeler (LCM), the built-up 
area (i.e. urban area), which denotes urban growth, has strongly affected agricultural land use in Seremban. The 
area of agricultural lands that were converted to built-up areas from 1984 to 2010 reached 125.41 km2. Such 
rapid conversion may affect the sustainability of agricultural lands in the long term. Meanwhile, 32.16 km2 of 
agricultural lands had been cleared (i.e., has become open areas). The agricultural lands in Seremban is ideal for 
new construction projects because its territory is low compared with forest lands that are located in high areas.  

Land use map 
of 1984, 1990, 
2000, 2010, 

Reclassification 
land use maps 
from level II to 

level I. 

The accuracy 
assessment 

Generating 
final maps 

Generating 
final Statistics 

Applying 
linear 

regression 
model 
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Fig. 3: Land-use density map of Spot Imageries 1984, 1990, 2000, and 2010. 

                          
 
Fig. 4: Land-use density category changes from 1984 to 2010 (%). 
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Fig. 5: Change map of each category from 1984 to 2010 using LCM 
 
Table 4: Area change for each category of land use using LCM (Km2) 

No. of Class Land use category Area Km2 
1 Forest to Agricultural 34.77 
2 Open Area to Agricultural 4.89 
3 Rural Land to Agricultural 14.78 
4 Built-up Area to Agricultural 2.36 
5 Water to Agricultural 0.01 
6 Agricultural to Forest 43.30 
7 Open Area to Forest 0.98 
8 Rural Land to Forest 1.44 
9 Built-up Area to Forest 0.53 
10 Water to Forest 0.02 
11 Agricultural to Open Area 32.16 
12 Forest to Open Area 2.81 
13 Rural Land to Open Area 1.61 
14 Built-up Area to Open Area 0.78 
15 Agricultural to Rural Land 23.37 
16 Forest to Rural Land 1.29 
17 Open Area to Rural Land 0.48 
18 Built-up Area to Rural Land 0.82 
19 Agricultural to Built-up Area 125.41 
20 Forest to Built-up Area 22.53 
21 Open Area to Built-up Area 4.02 
22 Rural Land to Built-up Area 8.46 
23 Agricultural to Water 6.22 
24 Forest to Water 1.89 
25 Open Area to Water 0.07 
26 Rural Land to Water 1.32 
27 Built-up Area to Water 0.28 

 
A spatial trend map was used to observe the transition of all land use categories to built-up area to evaluate 

the size and direction of urban growth in Seremban. High values and red colors indicate the high percentage of 
transition from all categories of land use to built-up area. Meanwhile, negative and low values indicate the lower 
percentage of transition. As shown in Figure 6, within the LCM, the transition to built-up area was more intense 
along the west and north-west lines that run approximately across the middle of the region, with higher values at 
the middle and north-west edges of the image. The transition intensity was the least along the eastern, northern, 
and southern edges of the region because these edges are considered forest and hilly areas. 
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Fig. 6: Spatial trends of change map from 1984 to 2010 (The transition of all categories of land use to built-up 
area). 

 
The transition maps for every category from land-use to built-up area (i.e.urban area) show the impact of 

urban growth on the sustainability of land-use in Seremban (Figure.7). The value 0 in the transition maps 
indicates that there is no transition between the two types of land-use while value 1 indicates that the transition 
between the two types of land-use has been occurred. The findings of the transition maps point out that the 
agricultural lands have a high rate of transition to the built-up area. This means that the urban growth in 
Seremban has a negative impact on the sustainability of agricultural lands in the area of the study. The major 
reasons behind such transition are that agricultural lands are located near the urban development operations such 
as in seremban 2, Seremban 3, and Nilai. In addition, agricultural lands are located in low elevation areas which 
are suited with the urban projects [14-15]. 

 

 
 
Fig. 7: The transition maps from each category of land-use to built-up area;(a) transition from agricultural to 

built-up area;(b) transition from forest to built-up area;(c) transition from open area to built-up area;(d) 
transition from rural lands to built-up area. 

 
This study used a linear regression model to evaluate the effect of urban areas on other categories of land 

use in Seremban. The linear regression model is a common mathematical method used to determine 
relationships and their effects between dependent and independent variables [20]. Urban area was set as an 
independent variable because it is the parameter that determines the effect of urban growth on other types of 
land use. Meanwhile, the values of the other types of land use were set as dependent variables because they are 

(a) (d) (c) (b) 
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the parameters to be predicted. The null hypothesis is that urban growth does not affect land-use change in 
Seremban. The alternative hypothesis is that urban growth affects land-use change in Seremban. We tested the 
falls within the critical value (i.e. 0.05) [20]. 

The results of the linear regression model conclude that urban development in Seremban affects the changes 
of two types of land use, namely, agricultural and open areas. Given that the P-value is less than the critical 
value, the relationship is statistically significant. Thus, the null hypothesis can be rejected (Figure 8). 

The histograms show that urban areas have a strong negative correlation with agricultural lands, suggesting 
that a higher urban area rate corresponds to a lower agricultural area rate. Meanwhile, a strong positive 
relationship exists between urban and open areas; a higher urban area rate corresponds to a higher open land 
area rate, which indicates unsustainability in land-use change in Seremban. By contrast, no significant statistical 
relationships occur between urban area and forest, water, and rural areas. The P-value falls outside of the critical 
value, indicating that urban development did not significantly affect these types of land use. 
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Fig. 8: Summary of linear regression results between urban areas and other land-use categories from 1984 to 

2010: (a) Urban vs Agriculture, (b) Urban vs Forest, (c) Urban vs Water, (d) Urban vs Rural, and (e) 
Urban vs Open area. 

The driving forces of urban growth worldwide are varied. Population growth and household-income 
increase are the significant driving forces of urbanization that lead to increased demand in real estate [21]. The 
growth rates of urban area, population, and household income in Seremban have increased to approximately 
similar extents (Figure 9). This finding reveals the positive influence of population growth and household-
income increase on the urban growth in Seremban. 

(a) (b) 

(c) (d) 

(e) 
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Fig. 9: Growth rate of urban area, population, and household income in Seremban 

 
The linear regression model was employed to determine whether strong relationships exist between 

population growth and household income and urban growth. This model was also used to assess whether a 
positive effect on the urban growth in Seremban is caused by population growth and household income. 
Population growth and household income were designated as independent variables because these two 
parameters determine the effect of social and economic factors on urban growth. By contrast, the measures of 
urban development were designated as the parameters to be predicted and hence were denoted as the dependent 
variables. The results derived by the linear regression model show that population growth and household income 
in Seremban positively affect urban growth. Given that the P-value is less than the critical value, the relationship 
is statistically significant (Figure 10). The histograms show that population growth and household income have 
strong positive correlations with urban growth. 

 

 

 
 
Fig. 10: Summary of linear regression results between population growth, household income and urban growth 

from 1984 to 2010: (a) Population vs Urban, (b) Household income vs Urban 
 
 
 

(a) 

(b) 
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Conclusion:  
In recent years, land-use change-detection technique has become an important indicator for evaluating urban 

growth patterns and its effects on different categories of land use. Increased urban area indicates changes in both 
urban and environmental landscapes. Results of the study confirmed that the urban areas in Seremban increased 
from 34.94 km2 in 1984 to 190.48 km2 in 2010 because of several reasons, such as urban and economic 
development, which are caused by population growth and an increase in household income. Meanwhile, 
agricultural lands decreased from 603.04 km2 in 1984 to 429.43 km2 in 2010 because parts of the agricultural 
lands in Seremban are located in new development areas, such as Seremban 2, Seremban 3, and Nilai. The linear 
regression model results confirmed a strong negative relationship between urban and agricultural lands. 
Agricultural sustainability will be affected by increasing urban development in Seremban in the long term. By 
contrast, a strong positive relationship exists between increased urban and open areas because of the need for 
cleared lands for new development processes. Land-use change-detection technique is an effective method for 
measuring and evaluating urban development operation and its effects on the sustainability of lands, which should 
be considered a supporting tool to achieve sustainable development requirements, particularly in Seremban City 
and generally in Malaysia. 
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