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Abstract 
Change detection is one of the most important remote sensing applications for environmental 
monitoring. Green resources investigation is essential for the sustainable development of 
natural resources. In this study, change detection of green resources in the Yangmingshan 
area near Taipei was conducted using multi-temporal remote sensing images. The process of 
change detection in this study is composed of several steps. Firstly, preprocessing of satellite 
images including geometric and atmospheric corrections was conducted. Supervised 
landcover classification using maximum likelihood method was then applied to extract 
unchanged vegetation pixels. A bivariate normal distribution for NDVI of unchanged 
vegetation pixels was then established and used to construct the critical region of change 
detection. At 5% level of significance, the proposed approach detected approximately 8.47% of 
green resources changes within a period of 15 years (1986 to 2001). 
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1 Introduction 
Spatial patterns of green resources in the suburban area are strongly influenced by the spatial 
and temporal dynamics of the urban’s economic development (Andre et al., 2003). However, 
through enforced regulations, national parks adjacent to the urban area, can effectively 
conserve green resources within their territorities. Unfortunately, extensive and frequent field 
investigation of distribution and states of green resources in national parks is practically not 
feasible. Therefore, aerial photography and satellite imagery are commonly used for green 
resources monitoring and change detection in Taiwan’s national parks. 

Change detection is the process of distinguishing differences in the state of a feature or 
phenomenon by observation at different times. However, many such applications using multi-
temporal remote sensing images detect and identify changes without addressing the reduced 
accuracy of change detection due to errors arised from inappropriate image registration, 
changes in atmospheric conditions and sensor’s characteristics, etc. (Cheng, et. al., 2004). It is 
therefore necessitates image pre-processing, including geometric and radiometric corrections, 
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prior to implementation of any change detection algorithm using remote sensing images. 
Particularly, if situation allows, multi-temporal images acquired by the same sensor, during the 
same season, and with similar sun-target-sensor orientations should be considered to reduce 
the negative effect on accuracy of change detection. Incooperating high resolution airphotos 
(e.g. 1:5000 scale) with satellite remote sensing images is also a good practice. 

Meanwhile, states of land surface features are not homogeneous (in space) nor stationary (in 
time). They exhibit certain degree of variations in both space and time, and thus, change 
detection can not be achieved without uncertainties. Hence, statistical methods that address 
uncertainties in change detection processes were proposed. (Ellsworth et al., 2004; Jeffrey et 
al., 1998; Wilson et al., 2006). In this study we exemplify a statistical approach of change 
detection using multi-temporal remote sensing images. The approach, after pre-processing of 
satellite images, yields an image of change detected areas with a prespecified confidence level.  

2 Study area and data set 
The Yangmingshan National Park (YNP) was established in 1985 (Construction and planning 
Agency, 2006). It covers a total area of 11,455 hectares and is closely adjacent to the city of 
Taipei (Figure 1). The Park is renowned for its rich wealth of wildlife and plant species, 
beautiful scenery, and unusual volcanic features and topography. However, being so accessible 
from the Taipei City, it also faces the problem of increasing anthropogenic activities such as 
landuse alterations.  

Major vegetation covers in YNP include grassy plains, arrow bamboo forest, broad-leaved 
forest, and a forestation zones (Yangmingshan National Park, 2006). SPOT multi-spectral 
images, acquired on December 5, 1986 and January 18, 2001, are used in this study for green 
resource change detection. Both images were acquired by SPOT1, MLA sensor in winter 
season and with same track path, viewing direction and resolution. 

3 Change detection method  
The change detection method adopted in this study is composed of several steps: image pre-
processing including geometric correction and atmospheric correction, calculation of 
normalized difference vegetation index (NDVI), landuse/landcover classification using 
maximum likelihood classifier, establishing bivariate distribution for multi-date NDVI, and 
detecting change pixels with a prespecified level of significance. Details of the proposed 
procedures are described in the following sections. 

3.1 Geometric correction 
A necessary pre-processing step for all change detection algorithms is accurate image 
registration, the alignment of several images into the same coordinate frame (Richard et. al., 
2005). If possible, it is important to select the same sensor, same radiometric and spatial 
resolution data for change detection applications that can appropriately counteract 
mathematical distortion. Precise registration, radiometric and atmospheric calibration or 
normalization between multi-temporal images must be satisfied in the study to reduce 
uncertainty of environmental factors. 
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Figure 1 Location map of the study area. 

Change detection requires all images be referenced to a common base prior to comparison of 
multi-date image radiance. Selecting imagery that was collected with minimal phonological 
change on the ground is perhaps the most effective way to reduce phonological effects (Song 
and Woodcock, 2003). Using a set of ground control points (GCPs), polynomial trend mapping 
(PTM) technique finds the best-fit surface for the GCP data set. Cheng et al. (2004) proposed 
an ordinary kriging approach of image-to-image registration that considers the residuals of 
polynomial trend mapping (PTM) model as anisotropic random fields. Readers are referred to 
Cheng et al. (2004) for further details. 

3.1.1 Image registration and RMS error 
A set of high spatial resolution (0.375m*0.375m) digital ortho-airphoto images was used to 
assist the selection of ground control points and determination of their projection coordinates. 
Firstly, the multispectral SPOT–2001 images were registered to orthorectified airphotos using 
a set of 196 GCPs (see Figure 2). The root mean squared error (RMS) was 0.2 pixel. Then, the 
rectified SPOT–2001 images were used as the reference images for image-to-image 
registration with SPOT–1986 multispectral images. For this registration, 80 GCPs were 
selected and the RMS error was 0.1 pixel (see Figure 3). 

3.2 Atmospheric correction and NDVI 
Generally speaking, multi-date satellite images were acquired under different atmospheric 
conditions, for example the path radiances and transmittance of the atmosphere. Differences in 
atmospheric condition have adverse effect on change detection for land surface features and 
therefore should be corrected. A common practice for such correction is the dark object 
subtraction (DOS) method, also known as the histogram minimum method (Campbell, 1987). 
The method can be implemented by identifying a very dark object or feature within the scene.  
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Figure 2 Registration of orthorectified airphotos (left) and SPOT-2001 images (right). 

 

 
Figure 3 Image-to-image registration of SPOT-2001 (left) and SPOT-1986 images (right). 

Such an object might be a large, clear, water body or possibly shaws cast by clouds or large 
topographic features. In a clear atmosphere, refecction from such dark objects should be low, 
near zero. If brightness observed for these objects are significantly higher, we can consider the 
added brightness or digital number is contributed by the effect of atmospheric scattering. 
These values are then assumed to represent the value contributed by atmospheric scattering for 
each spectral channel and are then subtracted from all digital values for that scene and that 
channel. Although the DOS technique has the advantages of simplicity and almost universal 
applicability, it must be considered as an approximation; atmospheric effects changes not only 
the position of the histogram on the axis, but also its shape.  

Band-ratio images have the advantage of emphasizing the inter-band relationship of land 
surface features. Changes in brightness values of multi-date satellite images may also be 
attributed to different view angles, atmospheric transmittance, etc. Band ratioing can be 
applied to partially eliminate such effect. Band-ratio images may enhance or subdue certain 
attributes found in the image, depending on the spectral characteristics in each of the two 
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bands chosen. Vegetation indices, one class of band-ratio images, are used to measure the 
presence and condition of green vegetation. These indices are based on differences in the 
response of vegetation as measured in the NIR and red regions of the spectrum. The 
normalized difference vegetation index (NDVI) is adopted in this study as the spectral feature 
for vegetation change detection. Fung et al. (2000) also used NDVI derived from SPOT image 
to study the changing environmental quality. 

3.3 Image classification 
Supervised image classification using maximum likelihood classifier was conducted for both 
sets of SPOT multispectral images. Because green resources change detection was the main 
purpose of this study, only three broad classes, namely vegetation, bare soil and water bodies, 
of land surface features were identified. Table 1 illustrates the confusion matrices resulted 
from landcover classification. For SPOT-2001 images, the overall classification accuracy is 
99.48% and khat statistic is 98.12%. For SPOT-1986 images, the overall accuracy is 98.54% 
and khat is 96.27%. It can also be seen clearly that both the producer’s and user’s accuracies 
are very high. Figure 4 demonstrates the resultant landcover images.  

Table 1 The classification error matrix table of SPOT image in 1986 and 2001. 

 

 

 
Figure 4 Landcover images resulted from image classification. 

3.4 Estimating percentage of green resources changed areas 
From the results of landcover classification, pixels of both SPOT-1986 and SPOT-2001 images 
associated with unchanged vegetation (green resources) were identified and their NDVI values 
extracted. These multi-date NDVI values of unchanged pixels were fitted to a bivariate normal 
distribution and used for change detection with a given level of significance. Details of change 
detection using the bivariate NDVI distribution is described below. 
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3.4.1 Bivariate joint normal distribution 
Let 1X  and 2X  be random variables with bivariate joint normal distribution with means 

21  and µµ , variances 2
2

2
1  and σσ  and correlation coefficient ρ , then their joint probability 

density function is given by 
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The NDVI values of SPOT-1986 and SPOT-2001 images are respectively considered as 1X  
and 2X . Compariing the two landcover images, there were a total of 656,152 unchanged 
vegetation pixels within the scene. NDVI values of these pixels were used to estimate the 
bivariate NDVI distribution for unchanged vegetation pixels. Similarly, a total of 15,306 
unchanged bare soil pixels were identified and their bivariate NDVI distribution is established 
(see Figure 5). For a given level of significance α, Equation 2 can be used to determine the 
NDVI probability density contours and the critical region within which a pixel is considered as 
a change pixel (Figure 6).  

 

 
Figure 5 The bivariate NDVI distributions for vegetation and bare soil. 
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Figure 6 The NDVI joint density contours for vegetation and bare soil. 

4 Results 
At α=5% level of significance, about 8.47% of the green resources in 1986 were found to have 
change occurrences in 2001. The change-detected areas were illustrated in Figure 7. 

5 Conclusion 
In this study we demonstrate a statistical change detection approach using multi-date remote 
sensing images. Incooperating digital orthorectified airphotos in change detection not only 
provides detail information about ground truth but also help to improve the image registration 
accuracies. Parameters of bivariate normal distribution for NDVI of pre- and post-period 
satellite images of the Yangmingshan National Park were estimated using landcover images 
resulted from supervised landcover classification. Finally, critical region for NDVI change 
detection was established with respect to a pre-specified level of confidence. At 5% 
significance level, approximately 8.47% of the green resources in 1986 have change 
occurrences within the 15 years period (1986 to 2001). 
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Figure 7 Identified green resources changed areas. 
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