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Abstract: In this study, the feasibility was examined using fused satellite images to extract bamboo-tree mixed forests. To achieve 
this, five Landsat ETM+ images acquired on different seasons were compared to select the best season for bamboo analysis in 
Gifu city and vicinities, the central part of Japan. As a result, winter and early spring seems to be preferable season for bamboo 
extraction because deciduous trees fell leaves and the grasslands were withering. However, the accuracy of bamboo extraction is 
still low (58%~59% accuracy) using single Landsat ETM+ image, so we tried to use the fused images, which were based on the 
SPOT PAN and Landsat ETM+. The fused images were generated using four different methodologies, namely, IHS 
(Intensity-Hue-Saturation) transform, PCA (Principal Component Analysis), Multiplicative transform and Brovey transform. The 
spectral and spatial information after merging for all these four methodologies were evaluated. IHS transform achieved the highest 
extraction accuracy of bamboo forest (80.9%) in land cover type classification. Furthermore, analysis was conducted to detect 
bamboo-tree mixed forests with the aid of aerial photographs. The occupation percentages of bamboo in different crown areas of 
the study site were grouped into four categories; above 90%, 70~90%, 50~70% and 30~50%. For all these categories, 
reclassification was performed, and it showed the extraction accuracy being 80.0%, 71.1%, 62.2%, and 53.3%, respectively. It is 
thus clear that using the fused image, a great part of the bamboo-tree mixed forest could be extracted, and the current bamboo 
distributive situations and future expansion tendencies in local or large basin areas could be quantitatively estimated. 
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1. Introduction 
 
   Remote sensing images exhibit usually either high spectral resolution with low spatial resolution, or low spectral 
resolution with high spatial resolution. The high spatial resolution is necessary for an accurate description of shapes, 
features and structures. The different objects are better identified if high spectral resolution images are used. Hence, 
there is a desire to combine the high spatial and high spectral resolution with the aim of obtaining the most complete 



and accurate description of the observed scene. The integration of spectrally and spatially complementary remote 
multisensor data can facilitate visual and automatic image interpretation. For example, the combination of SPOT 
panchromatic image data (SPOT PAN), having a spatial resolution of 10m, with Landsat thematic mapper (TM) 
images, processing six reflective bands each of 30m spatial resolution, can provide useful information for flood 
damage assessment [1]. Fusing SPOT PAN with the colour TM provides a hybrid image having good terrain detail, 
and useful spectral information facilitates the identification of small stands of forest species, which is not possible 
with either the Landsat TM or SPOT PAN data alone [3]. 
   On the other hand, massive expansion of bamboo forest, especially Phyllostachys pubescens forest, has been 
observed recently in various parts of Japan. This has been so severe that the original natural landscape of the hills has 
changed in places. Besides this, its consistent expanding could invade into artificially planted forests and agricultural 
fields and may also induce some serious environmental problems. So it is important to grasp the bamboo forest’s 
distribution situation and clarify the actual expansion condition. However, the distribution of bamboo is wide, but 
each occupancy area is small, and in many cases the bamboo is coexisting with other vegetation. Koizumi et al. [6] 
reported extraction of pure bamboo stands by Landsat-5 TM, and Zhang et al. [9] reported the extraction of bamboo 
distribution( the ratio of bamboo is above 80%) using image and Landsat ETM+ fusion image. In these researches, 
examined stands were nearly pure bamboo forest, and the bamboo-tree mixed forest had not included, so it is 
difficult to grasp the actual invasion situation by bamboo to other vegetation.  
   In this paper, in order to clarify the expansion situation of bamboo, first, the suitable period for bamboo 
extraction was selected using five data sets of Landsat ETM+(acquired in March, April, June, September, December). 
Then fused images were created using Landsat ETM+ and SPOT PAN satellite images by Intensity-Hue-Saturation 
(IHS), principal component analysis(PCA), Multiplicative transform, and Brovey transform. As the information of 
fusion images that created by different method was different, the spatial and spectrum information of the fused 
images created by the four fusion methods was evaluated. The fused image of which the information loss is the 
lowest was selected to extract the different ratio of crown area in bamboo-tree mixed forests. Finally, the extraction 
accuracy was evaluated using the result obtained by visual decipherment of the aerial photographs. 
  
2. Using data and study site 
 
    Five Landsat ETM+ images acquired on March, April, June, September, and December were prepared. Among 
the all bands of Landsat ETM+, bands 1~5, 7, which have same spatial resolution of 30m was used. Otherwise, 
SPOT PAN data acquired on April 15, 2001 were used in this study. Moreover, in order to grasp the bamboo-tree 
forest crown, the aerial photograph taken on October 5, 2000 was used. These aerial photographs were taken on 
4700m of altitude, and the scale was 1/30000. Furthermore, numerical 1/25000 topographical map created in 1997 
was also used to grasp a land cover situation. 
   The study area was the down-stream region in Nagara river which was located in Gifu city and vicinities, central 
Japan. The whole area is about 41000ha, and most of it is flat. 
 
3. Methods 
 
3.1 Selection of the suitable season for bamboo area extraction 
 
   To select the suitable season for bamboo extraction using five data sets of Landsat ETM+, the maximum 
likelihood classifier method was used to classify the land cover and to extract the bamboo distribution. Training data 
is selected from field survey and numerical 25,000 topographical maps. 
The classification categories were set up as follows.  
Bamboo: Phyllostachys pubescens, Phyllostachys bambusoides, and Phyllostachys nigra, which are most 
popularly distributed in Japan. 
Forest: all of the broadleaf and the needle-leaf forests 
Crop field: paddy field, upland field, and orchard farm. 
Grassland: riverbank grassland, garden in the city and the grass field in the golf course. 
Urban: bare land, less vegetation land, and all of other no vegetation areas. 
Water: river and lakes 
 
3.2 Generation of fusion image and evaluation of the information 
 
3.2.1 Generation of the fused image using IHS, PCA, Multiplicative and the Brovey transform methods  
 
   Fusion of SPOT PAN and Landsat ETM+ reflective images usually involves two steps. First, Landsat ETM+ 
images are registered geometrically onto the SPOT PAN image and resampled to 10m resolution. At this stage, the 
SPOT PAN and Landsat ETM+ images cover the same geographical area and have the same pixel size. Then, the 



pixel values from SPOT PAN and Landsat ETM+ are fused. In this study, the commonly used fusing 
approaches—IHS(intensity-hue-saturation), PCA(principal component analysis), Multiplicative transform, and 
Brovey transform were applied. 
   The IHS and Brovey transform methods could only fuse three Landsat ETM+ bands with SPOT PAN, so Landsat 
ETM+ image can have 20 different combinations of bands in triplets because there are 6 bands (the spatial resolution 
is 30m). Optimum Index Factor (OIF) is an index that can be used to determine which combination of bands for an 
image contains the most information to produce the best composite [2]. OIF was computed by dividing the sum of 
the variances of the three bands by the sum of the correlation coefficients of the three bands. The best three band 
combination is the one with the highest OIF because this combination has the highest variance (and do the most 
information) and the least correction among bands (and so the least redundancy). In this paper, OIF was used to 
select the band combination for creating the fusion image by IHS and Brovey transform. 
 
3.2.2 Evaluation of the spectral and spatial quality of the fused images 
 

 The purpose of multiple images fusion is to achieve complementary spatial and spectral benefits from different 
sensors. The effect of fused results should be evaluated both spectrally and spatially. 
1) Spectral quality 
   Some methods for evaluating the spectral quality are based on the calculation of the image difference between the 
fused image and standard image, which is the desired fused result [7, 8]. However, such a standard remote sensing 
image is usually not available.  
   Do not distorting the spectral characteristics is important for calibration purposes and for ensuring that targets 
that are spectrally separable in the original data are still separable in the fused data set [2]. Thus, the spectral quality 
of the fused images can be measured band-by-band by the average differences between the pixel value of the merged 
image and corresponding original TM (the registered and resampled one), as shown in the following equation: 
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   where V’ij  and Vij  are the pixel values of fused and original ETM+ images, respectively; k is the kth band and i, 
j are the ith row and the jth column, respectively and n is the total number of pixels in the images. It is desirable that 
the fused image has a small difference from the corresponding original ETM+ image. 
2) Spatial quality 
   No quantitative methods have been found in current literature to evaluate the spatial quality of a fused image. 
Most of the evaluation is based on visual examination. In this paper, we used the correlation coefficients between the 
fused SPOT PAN and Landsat ETM+ images and the SPOT PAN image as an index of the spatial quality. The higher 
correlation between the fused Landsat ETM+ and SPOT PAN images, and the SPOT PAN indicates that more spatial 
information from SPOT PAN image is incorporated during fusing. 
 
3.3 Extraction of the bamboo-tree mixed forest using the fused image 
 
   Using the fused image, which has more spatial and spectral quality, the bamboo forest distribution was carried 
out. Furthermore, analysis was conducted to detect bamboo-tree mixture with the aid of aerial photographs. The 
occupation percentages of bamboo in different areas crown in the study site were grouped into four categories; above 
90%, 70~90%, 50~70% and 30~50%. For all these categories, reclassification was performed. 
 
4. Results and discussion 
 
4.1 Suitable season for bamboo extraction using seasonal Landsat ETM+ data 
 

Table 1. Classification accuracy of the land cover using Landsat ETM+ with different seasons  

Class name 2002/3/1 2001/4/15 2000/6/15 2000/9/19 2000/12/8 
Bamboo 59.5 54.7 52.4 51.2 58.3 

Forest 89.8 89.7 87.5 88.6 90.9 
Crop field 43.4 39.6 56.6 52.8 47.2 
Grassland 48.5 39.4 57.6 63.6 42.4 

Urban 84.4 84.4 83.3 88.5 86.5 
Water 97.0 98.5 97.0 95.5 98.5 
Total 74.6 72.7 74.8 75.8 75.3 

 
   The bamboo forest was extracted, using the five data sets of Landsat ETM+, which acquired in March, April, 
June, September, December. Extraction accuracies of bamboo were 59.5%, 54.7%, 52.4%, 51.2%, 58.3%, 



respectively (Table 1). As a result, the highest extraction accuracy was attained using the image, which acquired in 
winter (March and December), followed by early spring-April. It might be easy to distinct bamboo stand from other 
vegetation of the circumference because of the fallen leaves of the deciduous tree intermingled in bamboo forests, 
and withering to death of under story grasses in this season. 

 
4.2 Quality evaluation of the fusion image  
 
   Suitable season for bamboo extraction was the data acquired in winter. But SPOT PAN have not acquired in 
winter in the study area. Otherwise, Koizumi et al. [6] reported that it was effective to extract bamboo with the 
Landsat TM acquired in April and May, because the image acquired in April and May have the similar reflective 
characteristic with that obtained in winter. So in this paper, SPOT PAN and Landsat ETM+ data both acquired in 
early spring-April 15 were used. 
 

Table 2. Ranking of the OIF using Landsat ETM+ acquired in April 2001 

Case B. C. Sk Abs(rij) OIF 

1 3.4.7 62.19 1.77 35.18 

2 1.4.7 56.07 1.64 34.13 

3 3.4.5 63.28 1.89 33.47 

4 1.4.5 57.16 1.74 32.77 

5 2.4.7 56.55 1.77 32.03 

6 4.5.7 64.30 2.04 31.58 

7 1.3.4 55.05 1.80 30.61 

8 2.4.5 57.65 1.90 30.37 

9 2.3.4 55.54 1.90 29.18 

10 3.5.7 73.81 2.62 28.16 

: : : : : 
B.C. Band combination; Sk: Sum of the variances of the three bands;  

Abs(rij) :Sum of the correlation coefficients of the three bands 
 

   To create the fusion images by IHS transform and Brovey transform, only three bands could be used. OIF was 
used to select the band combination and the results were displayed in Table 2. In this case, the best combination was 
bands 3,4, and 7(red, near-IR, mid-IR bands, respectively). According to Jensen [5], these are often selected as the 
best combination of bands because the different wavelengths often pick out different features. 
   Table 3 presents the each layer’s average difference between fused image created from SPOT PAN and Landsat 
ETM+, and each band of corresponding Landsat ETM+ data. When compared the average value of each band of the 
fused images created by each fusion method, the fused image created by IHS transform had the smallest mean 
difference at 9.8. So we recognized that the loss of spectral information was the least by IHS transform. This is 
because with IHS transform, Intensity expresses spatial information, and Hue and Saturation show the spectral 
information [4], and Intensity can replace with SPOT PAN data. So when fusing Landsat ETM+ and SPOT PAN by 
IHS transform, the spatial information on SPOT PAN was taken in, and Hue and Saturation will be used as the 
spectral information on Landsat ETM+. 
 

Table 3. Average difference between the fused image 
and the corresponding original Landsat ETM+ data 

Method Band1 Band2 Band3 Band4 Band5 Band7 Ave. 

IHS     7.9 7.9   13.5 9.8 

PCA 15.6 16.7 22.5 8.1 23.6 22.7 18.2 

Multiplicative  31.6 24.2 23.2 20.6 28.0 19.9 24.6 

Brovey      20.1 14.8   8.6 14.5 
 

 
   Spatial information was evaluated from the correlation coefficient between fusing image and SPOT PAN image. 
Table 4 shows the correlation coefficient of the fused images that were created by different methods and SPOT PAN 
image. Among all the average correlation coefficients IHS transfer took synthetically the highest value at 0.97, and it 
clears that many spatial information of the SPOT PAN image was kept with this method. 
   From the above result, it became clear that the fused image created by IHS transform holds most spatial and 
spectral information from the original data set. Therefore, the extraction of bamboo-tree mixed forests according to 
tree crown occupancy rates was tried using IHS method. 



 
Table 4. Correlation between the fused image 

and the corresponding original Landsat ETM+ 

Method Band1 Band2 Band3 Band4 Band5 Band7 Ave.
IHS   0.97 0.96  0.99 0.97 
PCA 0.95 0.97 0.93 0.85 0.94 0.84 0.91 

Multiplicative 0.97 0.95 0.93 0.96 0.94 0.91 0.94 
Brovey     0.96 0.94   0.99 0.96 

 
4.3 Extraction and accuracy evaluation of the bamboo forests according to tree crown rate using fused images 
 
4.3.1 General classification 
 
   The land covering classification by the maximum likelihood classifier method was performed using the fused 
image created by each fusion methods. Table 5 shows classification accuracy for the whole land cover types and the 
bamboo extraction. Classification accuracy was evaluated using field survey data. The classification accuracy for the 
whole land cover was 89.8%, 85.7%, 84.7%, and 86.0%, respectively. Moreover, accuracy of bamboo extraction was 
80.9%, 75.3%, 74.2%, and 78.7%, respectively. HIS attained the highest accuracy. 
 

Table 5. Classification accuracy of the land cover using the fused images 

Class name IHS PCA Multiplicative Brovey 

Bamboo 80.9 75.3 74.2 78.7 
Forest 84.4 84.4 86.7 82.2 

Crop field 86.7 88.9 93.3 75.6 

Grassland 97.8 91.1 77.8 93.3 

Urban 97.8 93.3 93.3 97.8 

Water 100.0 91.1 93.3 95.6 

Total 89.8 85.7 84.7 86.0 
 

   The extraction accuracy of the bamboo forests from the fused images was much higher than that using single 
Landsat ETM+ image obtained in April (54.7%). On the other hand, using the fused images of IKONOS and Landsat 
ETM+, accuracy of bamboo extraction was 84.9% [9], and it was higher than the result in this paper. It is considered 
that such difference comes from differences of spatial resolution of IKONOS(4m) and SPOT PAN(10m). Each area 
of bamboo stands was less than 1a, IKONOS could be extracted, and the extraction accuracy becomes higher. 
Moreover, Koizumi [6] extracted bamboo forest by the tree-decision method using the Landsat TM data acquired in 
May, in three pure bamboo verification sites, each extraction accuracy was 76%, 78%, and 58%. This result was 
lower than the highest bamboo extraction accuracy in our research. It was proved that the fused images has the 
mutual complement of the spatial information on a Landsat ETM+ image, and the spectral information on SPOT 
PAN image, and most land cover information had been hold. 
 
4.3.2 Classification of the bamboo-tree mixed stands 
 

Table 6 Classification accuracy of the bamboo-tree mixed forest using the fused images 

Class name Unclassified B above 90 B70-90 B50-70 B30-50 Classified total Users accuracy Kappa statistics
Unclassified 0 2 4 4 6 16 --- --- 
B above 90 0 36 5 2 3 46 78.3% 0.71 
B70-90 0 4 32 5 5 46 69.6% 0.59 
B50-70 0 3 4 28 7 42 66.7% 0.56 
B30-50 0 0 0 6 24 30 80.0% 0.73 
Refered total 0 45 45 45 45 180 Overall accuracy Overall 
Producers accuracy --- 80.0% 71.1% 62.2% 53.3%  66.67% 0.57 

 
   The re-classification was preformed with bamboo forests extracted by the general land cover classification using 
the fused image. Moreover, the re-classification accuracy was evaluated using the data deciphered from the aerial 
photograph. The result was shown in Table 6. The extraction accuracies of the bamboo forest which bamboo crown 
occupies more than 90%, 70~90%, 50~70% and 30~50% were 80.0%, 71.1%, 62.2%, and 53.3%, respectively. The 
accuracy of the bamboo crown occupies more than 90% was the highest. Otherwise, when the occupation rate by 



bamboo becomes smaller, extraction accuracy was decreased. It will be considered that the influence of the trees 
becomes stronger in bamboo stands, then extraction of bamboo becomes difficult. Furthermore, for each category, 
Kappa coefficients were 0.71, 0.59, 0.56 and 0.73 respectively. That is, the classification process was avoiding 71%, 
59%, 56%, and 73% of the errors, that means a completely random classification wound be generated. Moreover, the 
tree species appeared in a bamboo stand is various, and different tree possesses the different reflective characteristics. 
When bamboo stand is extracted according to the occupancy rate of bamboo crown, effect of tree species included in 
the stand might not ignore.  
 
5. Application to wide area   
 
   In the conventional research, pure bamboo stand where bamboo occupying nearly 100% was selected as a 
candidate site, but it is difficult to grasp unmanaged bamboo expansion by this method. In this research, the 
classification according to occupancy rate of a bamboo was tried using the fused image of Landsat and SPOT, and it 
was clarified that the 321.3ha bamboo stands were existed in all study area (41000ha). The parcentage in four 
categories were 38.6%, 15.7%, 29.9%, and 15.7%, respectively. That is, in all the bamboo forest areas, 38.6% was 
the nearly pure bamboo stand, while other 61.4% were the bamboo crown occupation rate was less than 90%. It 
could also been extracted. Because massive parts of mixed bamboo-tree stands could be extracted using the fused 
images, it was possible to grasp correctly the distributed situation of bamboo over the wide area. For example, as 
shown in Fig. 1, the central part is pure bamboo stand, and the surrounding parts were mixed stands. So the situation 
of rapid invasion by bamboo into forest is appearing. Like this, bamboo forests according to crown area rate could be 
extracted using the past satellite images, and areas change of bamboo stand and the actual expansion condition could 
be grasped. 
 
Fig. 1 Situation of bamboo stand invading into forest area 
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