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1. Introduction 
As part of the REDD+ project, forest cover maps for the years 2010 and 2015 were produced using freely available 
Advanced Land Observing Satellite Phased Array type L-band Synthetic Aperture Radar (ALOS PALSAR) 1/2 
radar images with a resolution of 25 m. The radar images were interpreted and analyzed using Decision Tree 
Classification and the resulting forest cover maps will be referred to as “radar-based forest cover maps” in this 
report.  

Free optical satellite images such as Landsat are available for most parts of the Philippines. However, most of these 
images were affected by clouds and cannot be used for processing and analysis. Radar data, on the other hand, are 
able to provide images unaffected by clouds, although analysis of radar images is more complicated compared to 
optical images because: 1) mathematical conversion to make the images interpretable can be very complex; 2) the 
analysis of the digital information is not as direct as it is in optical images; and 3) additional corrections and filtering 
processes have to be used to remove geometric distortions of radar imagery and to make interpretation easier by 
removing the appearance of speckle. Despite this, radar data were used for the forest cover analysis in the 
replication sites of the REDD+ Project, namely, the provinces of Albay, Eastern Samar and Davao Oriental. 

In a previous study, these radar-based forest cover maps were visually compared to the 2010 national land cover 
maps produced by the National Mapping and Resource Information Authority (NAMRIA) and to Google Earth 
satellite images from 2002-2016 (Estomata 2018), and it showed that the radar-based forest cover maps had more 
areas identified as Forest.  

Using Google Earth, Forest and Non-Forest samples were selected and used to produce a confusion/error matrix, 
which gives measurements of how accurate a map is as compared to reality. The values in the matrix were then used 
to re-calculate areas of the mapped classes (Forest and Non-Forest) with minimal or no bias. This will be called 
“unbiased area estimates” in this report.  

The total area of forest calculated from the radar-based forest cover maps is 15-32% greater than the unbiased area 
estimates of forest of both Albay and Eastern Samar and 1-4% for Davao Oriental (Estomata 2018). 

In order to further assess the accuracy of the radar-based forest cover maps of Albay and Eastern Samar, these were 
compared with visual interpretation of high resolution WorldView-2 (WV-2) satellite images with a resolution 0.5 m. 
The results from the comparison of forest areas for Albay and Eastern Samar confirmed the initial assessment that 
the radar-based forest cover maps show a higher area of forest cover than the actual situation. 
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2. WorldView-2 Satellite Data 
Four WorldView-2 satellite images were purchased covering a portion of the provinces of Albay (40.13 km2) and 
Eastern Samar (41.87 km2). The areas selected for the satellite images were determined by the following conditions: 
1. Availability of satellite images from two years (2010 and 2015) covering the same area with minimal cloud 

cover; and 
2. The satellite images must cover forest as well as disturbed forest areas (or conversion of forest to non-forest). 

Another consideration is that the acquisition dates1 of the WV-2 images must correspond to the acquisition dates of 
the radar images analyzed. Table 1 shows that the acquisition dates of the WV-2 images did not exactly match the 
acquisition dates of the radar images. This is due to the following limitations: 
1. Archived WV-2 images were not always available at the exact date that the radar images were acquired; and  
2. The WV-2 archive had images with acquisition dates close to the acquisition dates of the radar images, but the 

optical image had too much cloud cover.  

The maximum difference of the acquisition dates was 13 months (for Eastern Samar, year 2010). 

Table 1. Acquisition dates of radar and WorldView-2 images 

Province ALOS PALSAR-1/2 WorldView-2 
Albay September 2010 March 2010 

June & July 2015 September 2014 
Eastern Samar September 2010 October 2011 

October 2015 August 2015 
 

  

                                                           
1 The date when the satellite image was taken/acquired. 
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3. Spatial analysis 
The WV-2 images for Albay were georeferenced using Google Earth images in QGIS.2 The same procedure could 
not be replicated for the WV-2 images of Eastern Samar because Google Earth images were not available. The 
Eastern Samar WV-2 images were instead georeferenced using Landsat images. 

After successfully georeferencing the WV-2 images, visual interpretation of Forest and Non-Forest were executed 
by manually digitizing these specific features on the image. In Albay, a large area containing coconut trees was 
intercropped with other trees and was therefore classified into a separate category of “Mixed Coconut and Trees.” 

The visual interpretation map, which served as “reference data,”3 was then compared to the radar-based forest 
cover map to assess how the latter agrees with actual land cover. The overall accuracy4 of the entire map and the 
producer’s5 and user’s6 accuracies of each class were calculated and served as the metrics of accuracy of the radar-
based forest cover maps.  

3.1 Albay 
The WV-2 images of Albay covered a total area of 40.13 km2 (Figure 1). 

Despite a 50 cm resolution, many of the coconut trees that were intercropped with other trees could not be 
identified separately and were instead categorized as “Mixed Coconut and Trees.” 

Figure 1. WorldView-2 satellite images of Albay 

                                                           
2 Previously known was QuantumGIS. It is a free and open-source geographic information system (GIS) software.  
3 Reference data is the information to be used in comparing the (classification) map made from remotely sensed data. 
4 Overall accuracy represents the accuracy of the entire classification map. This is done by comparing the classification map with 
the reference data and counting the total number of times that there was agreement between the two maps. 
5 User’s accuracy is related to the error of commission, which happens when a pixel is incorrectly mapped at a reference site that 
does not exist. This is also referred to as “committing” an error of over-mapping a class. The lower the user’s accuracy is, the 
more over-mapped a class is. 
6 Producer’s accuracy is related to the error of omission, which occurs when a pixel has not been correctly identified in its true 
class. Simply, it is “omitting” to map the pixel in the correct class. 
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3.1.1 2010 
The 2010 WV-2 image of Albay was covered by 2.26 km2 of clouds while the 2010 radar image was covered by a 
0.66-km2 mask due to radar effects.7 Most of the clouds and the mask occurred within forest areas. A visual 
comparison of the two maps showed that the radar-based forest cover map had more areas classified as Forest than 
the visual interpretation (Figure 2).  

Figure 2. Comparison of visual interpretation and radar-based forest cover maps, Albay 2010 

Table 2 shows the different metrics of accuracy of Albay’s 2010 radar-based forest cover map. The measures of 
accuracies of the Forest class (row 2 of Table 2) means that 90% of the Forest area has been correctly identified but 
only 47% of the areas categorized as Forest on the radar-based forest cover map are actually forest on the ground. 
The low user’s accuracy of the Forest class also means that the class was “over-mapped.”  

Table 2. Accuracy measures of the 2010 Albay radar-based forest cover map  

 Producer’s Accuracy (%) User’s Accuracy (%) Overall Accuracy (%) 

Forest 90 47 
69 

Non-Forest 71 87 

 

The area classified as Forest in the radar-based forest cover map is actually 46% Forest, 42% Non-Forest and 10% 
Mixed Coconut and Trees, while 2% remains unknown due to cloud cover. This confirms that the radar-based 
forest cover classifies more areas as forest than the situation on the ground. 

                                                           
7 This may be due to lay over and shadowing effects during acquisition of radar data. 
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3.1.2 2015 
The 2015 Albay radar image had a masked area of 0.28 km2 due to radar effects while 0.47 km2 of the 2014 WV-2 
image were covered by clouds (Figure 3). It was visually observed that a greater area of forest cover was shown on 
the radar-based forest cover map when compared to the visual interpretation map. 

Figure 3. Comparison of visual interpretation and radar-based forest cover maps, Albay 2014/15 

When comparing the metrics of accuracy of the radar-based forest cover maps of Albay (2010 and 2015), the 
producer’s accuracy of the 2015 map of 79% is 11% lower than the 2010 map, but the user’s accuracy has improved 
by 4% to 54% (Table 2 and Table 3). This means that even if only 79% of the forest area was correctly identified, 
more than 50% of the area mapped as forest on the radar-based forest cover map was also forest on the ground. 
Still, a 54% measure for the user’s accuracy means that the class was again over-mapped.  

Table 3. Accuracy assessment measures of the 2015 Albay radar-based forest cover map  

 Producer’s Accuracy (%) User’s Accuracy (%) Overall Accuracy (%) 

Forest 79 54 
73 

Non-Forest 82 83 

 

The improved user’s accuracy is also reflected in the amount of incorrectly classified Forest areas (44%) compared 
to the 52% of the 2010 Albay radar-based forest cover map. Still, almost half of the forest area of the radar-based 
forest cover map was not really forest on the ground. 

3.2 Eastern Samar 
The WV-2 images of Eastern Samar covered a total area of 41.87 km2. 

Two thirds of the satellite images show contiguous forests with some minor disturbances along the riverbeds. The 
rest of the images were covered by disturbed forests and some small areas of cropland. Unlike Albay, this area of 
Eastern Samar did not have large areas of coconut trees intercropped with other trees and therefore, only two 
classes were identified during visual interpretation – Forest and Non-Forest (Figure 4). 
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Figure 4. WorldView-2 satellite images of Eastern Samar 

3.2.1 2010 
The 2011 WV-2 image in Eastern Samar was covered by 2.63 km2 of clouds while the 2010 radar image was covered 
by a 0.1 km2 mask due to radar effects. A visual comparison of the two maps showed that the radar-based forest 
cover map had more areas classified as Forest than the visual interpretation (Figure 5).  

Figure 5. Comparison of visual interpretation and radar-based forest cover maps, Eastern Samar 2010/11 

The overall accuracy of the 2010 Eastern Samar radar-based forest cover map was 75% even if most of the Non-
Forest classes were not correctly classified on the map. The measures of accuracies of the Forest class (row 2 of 
Table 4) mean that 99% of the forest area were correctly identified but only 75% of the forest areas on the radar-
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based forest cover map were actually forest on the ground. Although the user’s accuracy of the Forest class of the 
radar-based forest cover map of Eastern Samar was much better than that of Albay (75% compared to 44-52%), this 
still means that the Forest class was over-mapped.  

Table 4. Accuracy assessment measures of the 2010 Eastern Samar radar-based forest cover map  

 Producer’s Accuracy (%) User’s Accuracy (%) Overall Accuracy (%) 

Forest 99 75 
75 

Non-Forest 17 84 

 

3.2.2 2015 
The 2015 Eastern Samar radar image had a masked area of 1.2 km2 due to radar effects while 5.69 km2 of the 2015 
WV-2 image were covered by clouds. Again, it was visually observed that a greater area of forest cover was present 
in the radar-based forest cover map compared to the visual interpretation map (Figure 6). 

Figure 6. Comparison of visual interpretation and radar-based forest cover maps, Eastern Samar 2015 

The overall accuracy of the map was 80% even if, again, most of the Non-Forest classes were not correctly classified 
on the radar-based forest cover map. A 96% producer’s accuracy for the Forest class (row 2 of Table 5) means the 
forest areas were correctly identified 96% of the time, but if checked on the ground, only 75% would actually be 
Forest. Although the user’s accuracy of the Forest class has improved to 82%, this may be attributed to the presence 
of clouds in areas that were mapped as forest on the radar-based forest cover map.  

Table 5. Accuracy assessment measures of the 2015 Eastern Samar radar-based forest cover map  

 Producer’s Accuracy (%) User’s Accuracy (%) Overall Accuracy (%) 

Forest 96 82 
80 

Non-Forest 21 55 
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4. Conclusions 
The radar-based forest cover maps (2010 and 2015) of the three REDD+ replication sites were assessed for 
accuracy in order to achieve unbiased area estimates of the Forest classes of these maps. The radar-based forest 
cover maps of Albay and Eastern Samar had 15-32% more forest areas than the unbiased area estimates, while the 
maps for Davao Oriental only had 1-4% more forest than reality (Estomata 2018).  

The objective of this study was to further assess the accuracy of the radar-based forest cover maps of Albay and 
Eastern Samar and to confirm if the initial assessment – that the forest areas were over-mapped in the radar-based 
forest cover maps – is correct. 

The comparison of the visual interpretation maps with the radar-based forest cover maps of both provinces 
confirms the initial assessment of over-mapping. The analysis shows that the radar-based forest cover maps over-
maps forest areas by around 50% for Albay and around 25% for Eastern Samar.  

This also reaffirms the recommendation in Estomata (2018) that in order to arrive at better estimates of forest areas, 
better thresholds for the decision trees of the forest cover mapping for the two provinces would have to be 
identified. If the same thresholds used in the study of Estomata (2018) are used for other sites, accuracy assessment 
samples or information from a visual interpretation of very high resolution images would be needed in order to 
apply unbiased area estimation for the radar-based forest cover maps and achieve more realistic estimates of forest 
areas. 

Therefore, if the Forest Management Bureau of the Department of Environment and Natural Resources (DENR) 
would pursue their goal of generating their own national forest cover maps and decide to use radar satellite images, 
they may use the thresholds of the decision tree classification identified in the study of Estomata (2018). If resources 
and personnel are available, FMB may also pursue a study to identify a better set of thresholds for the decision tree 
classification to be used on all radar images covering the Philippines.  

Whether FMB decides to use the decision tree thresholds from the study of Estomata (2018) or to identify their 
own thresholds, a major requirement from the bureau would be to achieve a full accuracy assessment of the 
resulting forest cover map of the Philippines based on the radar data. To achieve that, the bureau would have to 
identify a large number of accuracy assessment samples from all available satellite images and aerial photos from 
Google Earth. If this is still not sufficient, very high resolution satellite images would have to be purchased. To 
address any possible over-mapping, unbiased area estimation should be established to achieve more realistic forest 
area estimates for the country. 
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