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Abstract-The Shihmen Reservoir is one of the largest and 
most important reservoirs in Taiwan. Frequent natural disasters, 
such as typhoons and earthquakes, have caused serious damages 
to the watershed. Typically, the landslides caused by heavy 
rainfall or earthquakes in the watershed destroy the road systems, 
slope-land, orchards, and even buildings. Traditional aerial 
surveying and in-situ measuring are subject to terrain barrier 
that makes damage estimation impractical. The satellite remote 
sensing technique is a good alternative since it acquires images 
frequently thus provides damage information efficiently. The 
integration of satellite images and relevant geospatial data, such 
as land-use maps and terrain models, provides a good solution for 
damage estimation. The spatial relationship between the damage 
and the land-use type can thus be analyzed. We will demonstrate 
a damage estimation procedure using SPOT satellite images and 
land-use data of the watershed, which encountered a major 
typhoon in the year of 2004. 

 

I.  INTRODUCTION 
Managed by the North Region Water Resource Office 

(NRWRO), Water Resource Agency, the Shihmen Reservoir is 
one of the largest and most important reservoirs in Taiwan. 
Located in the northern Taiwan, the reservoir supplies water 
for two million people in an area with high-tech industry and 
fine agriculture. The watershed covers an area of 764 Km2 
with 3,000 meters terrain variations. Due to the economic 
growth in Taiwan, human activities in the watershed have 
increased rapidly in the last two decades. Those activities 
including road construction, deforesting, cultivating, tourism, 
etc., have introduced soil erosion and decreased the capacity 
of the reservoir. Thus, NRWRO has established a management 
system to monitor the land-use in the watershed. The system 
integrates the remote sensing technology and GIS for higher 
efficiency. 

 
The natural disaster such as the landslides caused by 

heavy rainfall or earthquakes could destroy the road systems, 
slope-land, orchards, and even buildings. Traditional aerial 
surveying and in-situ measuring are subject to terrain barrier 
that makes damage estimation impractical. The satellite 
remote sensing technique is a good alternative since it acquires 
images frequently thus provides damage information more 
efficiently. In order to protect the reservoir, a near real time 
monitoring system of the watershed is needed. A long-term 

project that employs multi-temporal satellite images to detect 
and estimate the damage situation due to disaster within the 
watershed has been initiated since 2003. The work has been 
integrated in the management system for land-use monitoring. 
The SPOT satellite imagery with high frequency data 
acquisition has been utilized to monitor the land-cover 
changes of the watershed. As the successful launch of 
FORMOSAT-2, the satellite images will join the project for 
better temporal and spatial resolutions.  

 
In the paper, the damage detection and land-use analysis 

for a major typhoon, called AERE, will be addressed. The 
damage detection is based on regular monitoring of the 
land-cover changes in the watershed. A mechanism for 
periodical data acquisition, ortho-images rectification and 
land-cover change detection is performed for the reservoir 
management. The mechanism can also assure a fast response 
for disaster that happened in the watershed. In the mechanism, 
an intensive data acquisition in the watershed using the SPOT 
images with a frequency of three images per week has been 
achieved. One dataset of every two weeks is selected.  
Images with less than 50% cloud cover are chosen for 
ortho-rectification and further for land-cover change detection. 
When the changes of vegetation indices for multi-temporal 
images exceed a ceiling, the location is subject to in-situ 
inspection to prevent deteriorations. Illegal human activities 
and land-cover changes were successfully supervised and 
controlled. If a disaster happens and causes damage, the 
integration of satellite images and relevant geospatial data, 
such as land-use maps and terrain models will then provide a 
good solution for damage estimation. The spatial relationship 
between the damage and the land-use type can thus be 
analyzed. 
 

II.  METHODLOLGY 
The workflow includes five major steps, namely (1) 

timely data acquisition, (2) rigorous ortho-rectification, (3) 
land-cover change detection, (4) in-situ inspection, and (5) 
damage estimation. 

 
A. Timely Data Acquisition 

According to the SPOT image acquisition plan in Taiwan, 



as shown in Fig. 1, three images are acquired weekly for the 
watershed in the normal condition. Considering the watershed, 
one dataset is selected every two weeks. Images with less than 
50% cloud cover are chosen for change detection. If a typhoon 
or an earthquake introduces disaster, an emergency request of 
the satellites is issued. Thus, a daily revisit data acquisition is 
achieved using SPOT satellite constellation. The 
FORMOSAT-2, operated by the National Space Organization 
(NSPO), is the first resource satellite of Taiwan. It has been 
successfully launched on May 21, 2004. It has a unique daily 
revisit capability. The imager provides 2m and 8m spatial 
resolutions for panchromatic and multispectral images, 
respectively [1]. Considering the superiority of the satellite, 
the FORMOSAT-2 images will join the project to improve the 
temporal and spatial resolution. 

 

Figure 1. SPOT data acquisition plan in Taiwan 
 

B. Rigorous Ortho-rectification 
For the purpose of change detection using multi-temporal 

satellite images, the geo-reference between datasets is a must. 
The ortho-images used in this project are generated by an 
indigenous system called Multi-Sensor Geocoded Production 
System (MSGPS) [2]. The system includes a rigorous sensor 
model for orbit adjustment following by least squares filtering 
[3]. The digital terrain model is used for terrain relief 
correction. Images taken from different dates are 
ortho-rectified as a standard product. Thus, all images are 
unified in the same coordinate system for further change 
detection. 
 
C. Land-cover Change Detection 

To detect the land-cover changes using multi-temporal 
satellite images, we include CVA and NDVI methods for 
higher reliability. The CVA (Change Vector Analysis) [4] is a 
band transformation process that calculates the magnitude of 
variations among spectral change vectors. The mathematics of 
CVA is expressed in equation 1. 

(1) 
 
 

In which, C is the magnitude of spectral variations, B is 
the spectral value of image 1 or 2, and i is the number of bands. 
The NDVI (Normalized Difference Vegetation Index) [6] 
provides a standard procedure to compare vegetation 
greenness between satellite images. It is a good indicator of 
relative biomass and greenness [7]. Equation 2 shows the 
calculation of NDVI.  
 

NDVI = (Near IR - Red) / (Near IR + Red)        (2) 
 
Higher NDVI indicates higher level of healthy vegetation. 

When a land-cover changes from vegetation to bare soil, the 
differences of NDVIs effectively reflect the phenomenon. 
However, in the case of the land-cover changes from bare soil 
to man-made structures, the NDVI does not detect the change 
effectively. In this case, the CVA is a good alternative. 
Accordingly, we adopt both methods to assure the detection. 
 

In the change detection stage, the threshold is selected 
manually. When the changes exceeded the threshold, the 
boundary of the detected location will be vectorized for further 
analysis. In order to assure the quality of detecting results, 
manual editing is employed in the detection mechanism. An 
operation system has been designed under the ArcView 
environment. The system has the following major functions:  
CVA and NDVI calculation, threshold control, automatic 
detection, manual editing, labeling, and reporting. 
 
D. In-situ Inspection 

NRWRO monitors the land-use in the watershed on 
routine basis. SPOT images play important role in the 
monitoring system. The SPOT images have a spatial 
resolution of 10 to 20 meters for multi-spectral images. Due to 
the limitation of spatial and spectral resolutions, it is 
impossible to distinguish the over-subtle land-cover from the 
images. NRWRO wants to assure if the land-cover change is 
legal. Regularly, a group of three patrolmen are formed for 
in-situ inspection. If any land-cover change has detected, 
NRWRO performs on-site surveying as soon as possible. Once 
an illegal land-use is found, the land’s owner will be warned to 
avoid deterioration.  

 
The monitoring system is also adopted for the damage 

estimation when a natural disaster occurs. The image 
interpretation is done first as described in the previous sections. 
Considering the limited resolutions of satellite images, the 
interpretation results are then used as a master map for in-situ 
inspection. For those areas that in-situ inspection could not be 
done due to the terrain barriers, a helicopter would collect 
detail data for timely information. 

 
E. Damage Estimation  

The most important part of this project is the damage 
estimation. When a typhoon, forest fire, or an earthquake 
happens and causes damage in the watershed, the damage 
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estimation report has to be finished quickly. Since the 
government needs information for decision-making, the timing 
of obtaining damage report is crucial. When a landslide or 
debris flow happens, actions should be made to avoid the mud 
sliding into the reservoir. Without doing so, the debris will not 
only reduce the life cycle of the reservoir, but also increase the 
water turbidity that makes a serious water supply problem.  

 
The major concern of the investigation is to detect the 

land-cover changes that are caused by a natural disaster and 
the correlation analysis between the damage and the land-use 
pattern. The land-use information should be overlaid with the 
results of the detection. The basic information of the damage 
estimation includes the location, area, slope, and land-use type. 
The land-use type is utilized to analyze the relationship 
between the damaged area and land-use type. The derived 
statistics provides important information for policy making in 
the reservoir management. 

 
III.  ACHIEVEMENTS 

Two major achievements are presented. The first one is 
the routine monitoring. The second one is the damage 
estimation caused by a major typhoon called AERE. 
A.  Routine Monitoring 

The statistics of the routine monitoring in the year of 
2004 is summarized in Table I. Eighteen SPOT image datasets 
were chosen in this year for detecting land-cover changes. As 
a result, we have detected 97 changed places with a total area 
of 46.5 hectares. Sixty-seven locations have been in-situ 
inspected except for 30 un-reachable places. In the table, we 
categorize those changes into six classes. Except for the 
“Forest fire” with unknown reason and “Un-Reachable” places 
due to terrain barrier, the others all came from human 
activities, i.e., “Deforesting”, “Plow”, “Construction”, and 
“Illegal Activity”. From Table I, we notice that most of the 
changes belong to the “Plow” class. That indicates the 
agriculture activity in the watershed is still active to a certain 
extent. Some detected constructions for reservoir maintenance 
are legal. Finally, we have found 3 places of illegal activities. 
Those illegalities are reported to the government for treatment 
to prevent further deterioration. The described achievement is 
encouraging. It has demonstrated the applicability of the 
established mechanism. 

Table I. Statistics of routine monitoring 

Category No. of Places Percentage (%)

Un-reachable 30 30.93 

Deforesting 8 8.25 

Plow 47 48.45 

Construction 8 8.25 

Forest Fire 1 1.03 

Illegal Activity 3 3.09 

Total 97 100.00 

B. Damage Estimation after Typhoon AERE 
Typhoon AERE influenced Taiwan during Aug. 23~25, 

2004. The cumulative rainfall reached a maximum of 1,600 
mm in the watershed. The highest intensity of the rainfall 
reached 145 mm per hour. Twenty-two peoples lost their lives 
and six were missing. The typhoon introduced huge landslides 
and debris flows in the watershed. The water had been too 
turbid to be supplied for two weeks. Several major roads were 
blocked because the debris flows and the landslides have 
destroyed many bridges and road bases. The weather condition 
is not suitable for airplane to take aerial photos. The whole 
damage estimation and on-site surveying are thus difficult in a 
short time even when traditional aerial survey is considered. 

 
We thus initiate an emergency response mechanism for 

SPOT image acquisition. With SPOT 2, 4, and 5 satellite 
constellation, images were acquired on daily basis. Due to the 
heavy cloud coverage, we performed the land-cover change 
detection using partial cloud-free images that have been taken. 
The reference data, which was acquired before the typhoon, is 
the SPOT image of Aug. 16, 2004. Finally, five compared 
images after the typhoon were used at Aug. 27, 29, 31, Sep. 2 
and Sep. 19. The image ortho-rectification and change 
detection were performed at the day after image acquisition. 
As a whole, a total of 222 changed areas have detected with a 
total area of 393 hectares. It is observed that those places are 
landslides or debris flows caused by the typhoon. 

 
Fig. 2 illustrated the SPOT image taken after the typhoon. 

In the figure, the red polygons denote the detected damaged 
areas. The white contours illustrate the cumulated rainfall 
during the typhoon. The rainfall ranges from 400 mm to 1,600 
mm as indicated in the figure. The trend of the rainfall 
accumulation is increasing from the east to the west. Noticed 
that there is a high correlation between the rainfall and the 
damaged areas. The largest landslide, as shown in Fig. 3, with 
an area about 77.7 hectares is located at the southern-west part 
of the watershed. Since the terrain barrier that caused some 
damaged areas cannot be reached, so a helicopter surveying 
was adopted. Fig. 4 (a) and (c) illustrate perspective 
simulations of the two selected landslides using SPOT images 
and a DEM. The detected areas are illustrated with red 
polygons. The helicopter survey was taken several days after 
the typhoon due to the weather condition. The pictures 
acquired from the helicopter are shown in Fig. 4(b) and (d). It 
is observed that the detected results reflect the reality of the 
damage. Many other un-reachable places have also been 
confirmed later as landslides or debris flows by the helicopter 
surveying. The provided damage estimation report using 
satellite imagery had become an important reference for 
helicopter fly planning to improve efficiency.  

 
For the purpose of realizing the relationship between 

land-use type and damaged areas, a GIS land-use layer was 
superimposed with the detection results. The land-use type is 



categorized into three classes i.e. orchards and sparse 
residence, road systems, and natural slope-land. Table II 
illustrates the results of the overlay analysis for those three 
classes. It is found that 67% of damaged areas are related to 
natural slope-land. The remaining 33% are related to human 
activities, which include road systems, orchards, and sparse 
residence. 

 
Table II. Overlay analysis result of land-use and damage areas 

Orchard / Sparse Residence 3.69%

Road System 29.31%

Natural Slope-land 67.00%

Total 100%

 

 
Figure 2. The SPOT image with rainfall contours and  

detected damaged areas 

 
Figure 3. A typical landslide introduced by typhoon AERE 

 
IV.  CONCLUSIONS 

We have presented a scheme that monitors watershed 
efficiently by employing multi-temporal satellite images. The 
data acquisition frequency is high that makes monitoring in 
near real-time possible. By means of automatic change 

detection techniques and in-situ inspection, the land-cover 
changes of Shihmen Reservoir watershed were monitored 
effectively. Regarding typhoon AERE, we have demonstrated 
the applicability and the efficiency of the established 
mechanism. The provided damage estimation report is 
valuable for government’s decision-making. 

 
Figure 4. Image demonstration of the landslides 

(a)(c) Perspective simulation using SPOT images and DEM 
(b)(d) Pictures acquired from a helicopter 
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