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Abstract: This research focused on the classification of old-growth cypress in Chilan Mountains using digital photogrammetry and 
remote sensing techniques. Two parts were included in the study. The first part involved collecting old-growth characteristics (e.g., 
snags and gaps) using digital photogrammetry and processing cluster analysis according to the old-growth characteristics. The second 
part used image level slicing of NDVI and unsupervised classification to extract the old-growth forests and then to process the image 
classification of the extracted old-growth forests. The results are as follows. A total of 2,041 snags and 970 gaps were firstly collected 
by digital photogrammetry and clustered into three categories: old-growth with less snags and gaps, old-growth with more snags, and 
old-growth with more gaps. The assessment of the extracted old-growth forests based on image level slicing and unsupervised 
classification was satisfactory. Meanwhile, the accuracy of old-growth classification was about 75.2%. 
Keywords: Old-growth, Photogrammetry, Remote sensing. 
 
1. Introduction 
 

Because of structural heterogeneity and rich bio-legacy, the old-growth forests preserve the massive biodiversity and 
maintain the stability of ecosystem. The old-growth forests become an important link for researching ecosystem of 
forests. At present the most researches of old-growth classification focused on the stand structure characteristics, like 
Spies et al.(2002) and Stewart et al.(2003). 

Application of the technology of remote sensing to old-growth forest classification research mostly used traditional 
image classification approach, e.g., Niemann (1995), Fiorella & Ripple (1993), Hussein & Hashim (1997) and Lu (2003) 
and so on. Those researches emphasized on the influence of age and species composition to old-growth forests spectrum 
difference, but there were no discussions on the influence of old-growth forests structural characteristics. 

The old-growth forests research in Taiwan is just in the starting stage. Chen (2003) and Hong et al.(1999) took the old-
growth cypress forests on Chilan Mountain as the material, separately carried on the researches for estimating forest 
health and finding regenerated type of old-growth forests. But there are still rare researches using remote sensing to 
classify old-growth forests in Taiwan.  

The Cypress is remaining plant for the ice age, and Chilan Mountain is a sanctuary to the last remaining old growth 
cypress forest in Taiwan. Therefore this research chose old-growth cypress forests on Chilan Mountain as the research 
area, carried on large scale classification of old-growth cypress forests. However the most forested areas on Chilan 
Mountain are steep. There are bushy understory vegetation and massive woody debris on the ground. It makes 
investigation work more difficult and dangerous. 

In those non-contact investigation methods, the most efficient and economical one is using remote sensing technology 
to collect the forest spectral values and other forest parameters. However, for collecting old-growth forest characteristics, 



the resolution of remote sensing is unsuitable to collect old-growth forests characteristic information, like gaps and snags. 
Therefore digital photogrammetry technology were used to collect gaps and snags which are old-growth cypress forest 
structural characteristics, 

 The photogrammetry materials consist of orthogonal images and aerial photos, the latter one can provide higher 
resolution and actual geometry. The stereo model produced using aerial photos under digital photogrammetry 
environment need more preparation time, but it may supply more identifiable details than orthogonal images. It means 
the stereo model may effectively reduce the errors caused by misinterpretation. Therefore to collect snags and gaps of 
structural characteristics, the most suitable approach is surveying on stereo images that are composed with aerial photos. 

Consequently, this research used digital photogrammetry method to collect gaps and snags of old-growth forest 
structure characteristics, and processed cluster analysis according to the old-growth characteristics. And then the result of 
cluster analysis was used to classify the old-growth image. 
 

 
Figure 1. Research area 

2. Research Area and Materials 
 

 The selected research area is located on Chilan mountain 
district, and the total area is 3,000 ha including 14 forest 
units, like Figure 1. The topography of Chilan mountain is 
high northeast to be low southwest, the sierra assumes 
northeast to move towards. The highest monthly average 
temperature is 27 �, and the lowest monthly average 
temperature is 13 �. The annual precipitation is in 1,700 
~2,500 mm. The weather is the heavy wet climate, and the 
fog often fills the air. 

The cypress forest type which by chamaecyparis obtusa 
var. formosana and chamaecyparis formosene composes 
primarily flora community. The natural cypress forests in this 
area are famous for many giant living trees, numerous 
whiting snags, and the exquisite forest. (Forest Conservation 
Service, 2003) 

The research materials are color aerial photos which are 
acquired from the Aerial Survey office. Because aerial 
photos taken on the same day are unavailable, this study used  
photos taken on three different dates, including 24 October 
2001, 11 January 2002, and 24 June 2002. And the multi-
spectral image of SPOT on July 26, 2002 was also used. 
 
3. Method 

 
The research method includes two major parts as shown in Figure 2. The first part is using digital photogrammetry 

technology to collect the structural characteristics of old-growth cypress forests (e.g., snags and gaps), and grouping old-
growth forests into several structural types. The second part is using image level slicing and unsupervised classification 
to extract the multi-spectral image of old-growth forests. Then combining the result of structural grouping and old-
growth image, an image classification was done to categorize different types of old-growth forests.  

 
1) Collecting the old-growth characteristics and processing cluster analysis 

 
Firstly, using digital photogrammetry technology, the gaps and snags were separately digitized using the stereo model. 

The mapping criteria are as follows: only dead trees are identified as snags excluding the trees which are partially dead; 
the gaps is identified as broken and not continuous areas excluding sliced lands and washouts. According to the above 
criteria, distribution maps of the snags and gaps are established separately. 

One purpose of this research lies in using the resulting characteristic categories for image classification. Therefore, 
before processing cluster analysis, maps of gaps and snags should be transferred into raster form. 

Because the resolution of the SPOT multi-spectral image is 12.5m. In order to effectively calculate number of snags 
and the area of gaps, this research uses 125m as raster size, and carries on cluster analysis according to the number of 
snags and the area of gaps. The number of snags and the area of gaps are calculated based on the maps of snags and gaps, 



namely number of snags per 125m and 
the area of gaps per 125m are calculated 
separately, and then carried on the 
process of normalization for cluster 
analysis. 

The selected method of cluster 
analysis is k-means method, and the 
FASTCLUS procedure of SAS is used. 
The cubic clustering criterion(CCC) are 
used to determine the best clustering 
number, namely the best clustering 
number p  lies in the turning point of 
CCC value. 

 
2) Extracting and classifying the old-
growth forest image 
 

The old-growth forests are darker in 
satellite images, therefore, in order to 
successfully extract old-growth cypress 
image, the slicing image classification 
method was involved. That was based on 
Normalized difference vegetation index 
(NDVI) to detect the area of vegetation 
and using level slicing to extract 
vegetation image. Then unsupervised 
approach of ERDAS Imagine was used 
for classifying vegetation image into 
old-growth region and non-old-growth region. Lastly, the extracted old-growth forest image and clustering result of 
characteristics were combined to process old-growth image classification. Meanwhile, supervised samples are chosen 
according to clustering result and then carried on maximum likelihood method of supervised classification for classifying 
old-growth forest image. 
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Figure 2. Processes of Research 

 
 4. Result 

 
 1) The clusters of old-growth forest characteristics 
 

 By using the digital stereo model, totally 2,041 snags and 970 gaps 
were digitized. The total area of gaps was 306,702m2, of which the 
minimum was 0.01m2 and the maximum was 5,025m2. The gap ratio of 
entire area was approximately 1%. 

These standardized snags number and area of gaps were compared to 
carry on the k-means analysis. The tendency of CCC value, as indicated in 
Figure 3, had a turning point at clustering number of five, which means 
the best clustering number was five.  

Afterwards, Using the number of snags and the area of gaps as the X 
axis and Y axis respectively, the snag-gap dispersion chart were illustrated according to each raster attributes, as shown 
in  Figure 4. Three types were found in these five clusters, a cluster with less snags number and gaps area, another one 
with more snags, and the other three clusters with more gaps area. 

Figure 3. Curve of CCC 

 Therefore three clusters with more gaps area are merged. And then the cluster with less snags and gaps was named as 
old-growth with less snags and gaps, the cluster with more snags was named as old-growth with more snags, and the 
merged cluster was named as old-growth with more gaps. The merged snag-gap dispersion chart of three clusters was 
illustrated in Figure 5. 

In order to show the spatial distribution of three clusters, the clustering raster were overlaid with the map of research 
area, as shown in Figure 6, and the color of blue ,red ,and green represented old-growth with less snags and gaps, old-
growth with more gaps, and old-growth with more snags, respectively. As shown in Figure 6, the area of old-growth with 



less snags and gaps was the largest. It means the most old-growth forests in this area had higher vigor, and less number of 
old-growth characteristics. 

 

 

Figure 4. Snag-gap distribution 
Figure 5. Snag-gap distribution  

after merge  Figure 6. Overlay cluster result 

 
2) Image classification of old-growth cypress forest 
 

For image classification, this study used slicing method to extract old-growth forest image. From the experiments, the 
NDVI value of non-vegetative region, like the shadow, the path, the bare land and so on, was between -0.07 to 0.5, and 
the NDVI value of vegetative region was larger than 0.5. Figure 7 illustrates the histogram of NDVI in the area, 0.5 
NDVI value was chosen as threshold to differentiate between vegetative or not. 

Then level slicing was done to obtain the image with the NDVI value bigger than 0.5, and then unsupervised 
classification was done to divide the sliced image into two kinds, such as old-growth and non-old-growth. The result was 
shown in Figure 8, the black areas were vegetative region, the gray areas were old-growth region, and the white scope 
belonged to non-old-growth region.  

 For estimating the result of extracting old-growth forest image, 4 test areas were chosen and their distribution was 
shown in Figure 9. The orange color frame was for old-growth type, and the green frame for non-old-growth type. The 
maximum likelihood was used to process self-classification of test areas, and its error matrix was shown in Table 1, the 
demonstration that accuracy of self-classification was 99.88%. 

In order to further estimate the achievement beyond test areas, the image of non-supervised classification was overlaid 

  
Figure 7. Histogram of NDVI Figure 8. Extracted image of old-growth 



several orthogonal images. And then selecting several 
borders between old-growth and non-old-growth to 
inspect the difference of texture on orthogonal images, 
like the Figure 10 demonstrated 4 areas. In Figure 9, the 
old-growth region has rougher texture and much little 
shadow, but non-old-growth region had more smooth 
texture and less shadow. This phenomenon demonstrated 
the result of non-supervised classification was quite 
reasonable. 

Table 1. Error matrix of self-classification in test areas 
Classified

Original Old-growth Non- 
old-growth 

Total 
Pixels 

Old-growth 1037 2 1039 

Non-old-growth 1 1474 1475 

Total pixels 1038 1476 2514 

Accuracy %88.99%100
2514

14741037
≈×

+
=  

Based on the above two kinds of estimation, the slicing 
method that involves NDVI as vegetation indicator and 
using unsupervised classification can effectively extract 
old-growth image. 

 

  

  

Figure 9. Sub areas of extracted old-growth  images 
Next, training samples were selected according to three clusters, and image classification was done on extracted old-

growth image. As shown in Figure 11, samples of old-growth with less snags and gaps were 8 blue color frames, samples 
of old-growth with more snags and old-growth with more gaps were respectively 4 and the respective colors were green 
and red frames. Carried on the sample self-classification 16 supervised samples, its error matrix like Table 2, by this table 
demonstration sample self-classification accuracy was 87.5%, be satisfied. 

Carrying on image classification of the entire area with supervised samples, its classified achievement like chart 4.9. 
Comparing supervised classification and clustering result, the accuracy of classification was 75.2%. Table 3 was the error 
matrix for supervised classification of entire area, which indicated the most correct classification belongs to old-growth 
with less snags and gaps, and the most miss-classification belonged to old-growth with more snags and old-growth with 
more gaps. 



  
Figure 10. Supervised samples Figure 11. Result of supervised classification 

Table 2. Error matrix of supervised samples 
Classified 

Original 
old-growth with 
less snags and 

gaps 

old-growth with 
more gaps 

old-growth with more 
snags Total count 

old-growth with less 
snags and gaps 8 0 0 8 

old-growth with more 
gaps 0 4 2 6 

old-growth with more 
snags 0 0 2 2 

Total count 8 4 4 16 

Accuracy %5.87%100
16

248
=×

++
=  

Table 3. Error matrix of extracted image 
Classified 

Original 
old-growth with 
less snags and 

gaps 

old-growth with 
more gaps 

old-growth with more 
snags Total count 

old-growth with less 
snags and gaps 1286 107 123 1516 

old-growth with more 
gaps 54 15 7 76 

old-growth with more 
snags 117 27 18 162 

Total count 1457 149 148 1754 

Accuracy %2.75%100
1754

18151286
=×

++
=  



5. Discussion 
 
The old-growth cypress was divided into three clusters as follows, the first was old-growth with less snags and gaps; 

the second was old-growth with more snags, and the third was old-growth with more gaps. Comparing three clusters 
according to aging status as follows: old-growth with less snags and gaps > old-growth with more snags > old-growth 
with more gaps. 

Prior to image classification, the class types should be decided. The Chilan mountain forests are mostly natural old-
growth forests that are several hundred years old, and their regeneration form is gap regeneration in small areas, and in 
large areas regeneration is rarely observed, except for human operations and landslides. Therefore the objective of this 
research was to differentiate three kinds of land types: (1) non-vegetation, (2) vegetation and non-old-growth, and (3) 
vegetation and old-growth. By using NDVI, image level slicing, and using unsupervised classification, it can extract old-
growth cypress image successfully. 

 In comparison to the three old-growth clusters, the accuracy of supervised classification was 75.2%. The results show 
that there were many miss-classifications belonging to old-growth with more snags and old-growth with more gaps. The 
reason was probably because the old-growth image used for classification was generalized (namely each raster spectral 
value is an average of 100 pixels in original image), which caused less difference in spectral values among different 
clusters. 

 
6. Conclusions 
 

This research applied digital photogrammetry and remote sensing technology to classify the image of old-growth 
cypress forests in the Chilan mountain. The results showed that digital photogrammetric technology was a useful method 
for collecting old-growth cypress structural characteristics. The old-growth cypress could be divided into three clusters 
according to characteristics of snags and gaps. The three clusters were old-growth with less snags  and gaps, old-growth 
with more gaps and old-growth with more snags. The number of old-growth with more gaps and old-growth with more 
snags were few, which means that the old-growth forests had little disturbance in this area. 

By using image slicing, NDVI, and unsupervised classification, the old-growth and other land types could be 
differentiated and the accuracy of cypress image classification was 75.2%. 
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