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Abstract: With an area of 36,000 sq. km, Taiwan has about 58% of land is covered with forest.  Seeking to a sustainable use of the 
forest land, Forestry Bureau is responsible for protection and conservation of the forest resources.  One of its regular patrolling 
missions is to send forest rangers out to inspect the status of forest land and prevent any illegal activity.  However, due to the limited 
manpower, the natural landslide and the illegal activity are hardly found in the remote mountain areas.  A project to establish a forest 
change detection system is presented in this paper.  The project regularly analyzes different period of SPOT-5 high spatial resolution 
images and provides the positions of the change spots for Forestry Bureau and the local forestry patrolmen.  The practical exercise of 
the project shows that the satellite images certainly can be used to enhance the patrolling mission and to strengthen the forest 
protection.          
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1. Introduction 
 

Due to the variable climate and complex topography, Taiwan is covered with 2,102,400 ha forestland, which is 
relatively 58% of the total island area.  Among the forestland 77% is national forest [1].  Since the Forestry Bureau is 
responsible for managing national forests, its one of the major missions is to protect the forests from illegal harvesting, 
cultivation, arson, and illegal construction.  In order to protect the forest resources, 75 guard posts were established 
throughout the national forests to discourage any illegal actions; 448 patrol areas, each with 1-2 persons patrolling 
regularly, were also established according to geographic locations, road conditions, and disturbance history [2].  
However, due to the insufficient manpower and rough terrain, the illegal activity and natural landslide are hardly found in 
the remote mountain areas.  In addition, aerial photos are utilized to detect any forest changes and provided for useful 
evidences in illegal disputes.  However, the use of aerial surveys is limited to the occasional situation.  The satellite 
images have been widely used as a useful tool to perform change detection for its characteristics of large coverage, 
periodical recording, digital format, and multi-spectral information [3]. In forest applications, remote sensing 
technologies have long been used to monitor the forest changes, such as forest fire [4], illegal logging [5], and massive 
landslide [6].  A project entitled “The Use of Satellite Images for Forest Change Detection” is jointly conducted by both 
National Central University and Taiwan Forestry Bureau.  The aim of the project is to assist the forest rangers to find out 
the illegal activities and landslide areas by analyzing different period of SPOT-5 high spatial resolution images.  The 
project uses a GIS-based system to develop a man-computer interactive method to detect and analyze the changed areas 
in the images.  The analyzed results will locate the changed areas on the topographic maps. This geographic solution is 
aimed to fully scan the forest land and to aid the rangers in their patrolling mission.  This project has been put into 
practice on a monthly basis and indeed provides an effective assistance for forest management in the remote mountain 
areas.  The systems developed in this study are detailed in section 2.   The results and discussion will be presented in 
section 3.  Finally, some concluding remarks are given in section 4. 

 
2. System Description 
 
2.1 The Infrastructure of the systems 



The systems developed in this study primarily consist of satellite images acquisition system, forest change detection 
system, and field investigation system.  Fig.1 shows the framework of the systems.  The functions of each individual 
system will be described in sections 2.2, 2.3, and 2.4 respectively. 

 
2.2 The satellite images acquisition system  

Because the characteristics of multi-spectral satellite image provide valuable information of ground object in different 
wavelengths, it is easier to distinguish various objects in multi-spectral mode.  However, in most satellite images, the 
resolution of multi-spectral image is usually lower than panchromatic image.  For example, the satellite images used in 
this study is SPOT 5 that has 10m multi-spectral and 2.5m panchromatic data.  This limitation will certainly restrict the 
satellite images to the forest change detection.  For this reason, we merge both the multi-spectral and panchromatic 
images by color space transformation, and produce a high resolution multi-spectral fused image [7].  Furthermore, in 
order to increase the image availability, this study also uses FORMOSAT 2 images, which has both 8m multi-spectral 
and 2m panchromatic data [8].  Consequently, this study is able to arrange the acquisition schedule of both satellites and 
meet the detection requirement on a monthly basis. 

 
2.3 Forest change detection system 

The operating procedures of the change detection system can be divided into three stages, including the automatic 
detection of change spots, manual addition of change spot’s attributes and generation of map layouts.  In the first stage, 
the system applies change vector analysis (CVA) to different period of fused satellite images.  The vector components 
contain the information of green band, red band, and normalized difference vegetation index (NDVI).  Then, the change 
spots can be found automatically by setting proper threshold of the change vector.  The following stage is to add the 
attributes to the change spots manually with the aid of some referenced data, such as aerial photographs, topographic 
maps, and land use maps.  After manual addition, every change spot will be given one of the following attributes: 
suspect, fault, cloud, and shadow.  In the final stage, the suspected spot will be defined as change spots and then overlaid 
with four map layouts, including vector topographic map, satellite images of both early period and later period, and aerial 
photograph, as shown in Fig. 2.  All layouts approximately cover an area of 5 × 5 km2.  In addition, the layouts contain 
some supplementary information such as the coordinates and the areas of the change spots.  Then, the layouts will be 
sent to the Forestry Bureau and the local forestry offices. 

 
2.4 Digital field investigation system 

The system primarily consists of GPS receiver, PDA, and digital camera. A basic GIS system is installed in the PDA 
in order to store, retrieve, and manage the map layers as well as to input the coordinates of the change spots.  Moreover, 
the PDA can be combined with GPS to receive the coordinates at any position.  With such an integrated system, the 
forest rangers can effectively plan the patrolling mission and easily reach the change areas.  Fig. 3 shows the forest 
rangers working in the field with PDA, GPS, and camera.  After the field investigation, the report along with the photos 
of the change spots will be sent to NCU and Forestry Bureau for further inspection.   

 
3. Result and Discussion 
 

The purpose of the project is to study the ability of high-resolution satellite images for the forest change detection.  
Currently, the system is able to provide the Forestry Bureau with change maps for certain geographic areas on a monthly 
basis.  Some examples will be presented.  Fig.4 illustrates one of the illegal cases found by the system.  Fig. 4(a) and (b) 
are the satellite images used in this case.  The yellow line delineates the change spot according to the algorithms 
mentioned previously.  The field investigation and the photograph (Fig. 4(c)) indicated that the change area was the 
illegal farming without government permit.  Fig.5 is an example of natural disaster in the forest area.  Fig. 5(a) and (b) 
are the satellite images and the yellow line is the change spot.  In this example, the field report and the photograph (Fig. 
5(c)) indicated that a piece of forest land was destroyed by a wild fire.  The project at present regularly provides the 
Forestry Bureau and the local forestry offices with the forest change maps.  The effects reveal that detection from 
satellite images indeed enhances the forest management and strengthen the forest protection.       
 
4. Conclusion 
 

In the remote mountain regions, forest changes either natural or illegal are hardly detected by means of the ground 
patrol.  In order to investigate the forest changes due to the natural disasters and the illegal activities, an integrated 



system using high spatial resolution satellite images, GIS, and GPS is developed and jointly conducted by both National 
Central University and Taiwan Forestry Bureau.  The system regularly analyzes different period of SPOT-5 high spatial 
resolution images and provides the positions of the change spots for the forestry patrolmen.  The practical exercise of the 
project shows that the system certainly can be used to enhance the patrolling mission.  The ultimate goal of the project is 
to fully understand the forest changes of natural causes, to discourage the illegal harvesting and cultivation in the forest 
land, and to reinforce the national forest management. 
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Fig. 1 The constituent structure of the forest change 
detection system 
Fig. 2 Changed areas overlay on various maps: 
(a) earlier taken satellite image; (b) later taken 
satellite image; (c) digital maps; (d) aerial 
photograph. 



 

 
Fig.3 A PDA is used for field inspection. 

 
 

                    
 
 
 
 

Fig. 4 A practical example of the change point due  
to illegal farming. (a) change point on earlier taken 
satellite image; (b) change point on later taken satellite 
image; (c) a photograph taken by the forest ranger.    

Fig. 5 A practical example of the change point due  
to a fire accident. (a) change point on earlier taken 
satellite image; (b) change point on later taken satellite 
image; (c) a photograph taken by the forest ranger. 

 
 

  

 


