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Abstract 
The “Climate-relevant Modernization of the National Forest Policy and Piloting of REDD Measures in the 

Philippines” project developed a remote sensing methodology for forest cover and forest cover change mapping. 

This methodology was applied to the whole island of Leyte composed of two provinces – Leyte and Southern Leyte, 

where the latter was one of the REDD+ pilot sites in the Philippines. In this research, the methodology applied in 

Leyte Island was improved before being used in the new REDD+ replication sites of the “National REDD+ 

System Philippines” project taking into consideration advances in data pre-processing, classification and accuracy 

assessment techniques based on the Methods and Guidance Document (MGD) from the Global Forest 

Observation Initiative (GFOI).  

Aside from improving the methodology used in Southern Leyte and applying it to the REDD+ replication sites to 

achieve more accurate results, the goal of improving the classification methodology was also to minimize manual 

processing steps so that the final methodology can be replicated at a larger scale (provincial, regional, or national). 

Therefore, in the end, the goal of the research was to develop a methodology that can be up-scaled to the country 

level with most processing steps automated. 

Another important aspect of the study was to use only freely available data with complete coverage of the entire 

Philippines and, if possible, minimally affected by cloud cover. Hence, the satellite data used in this study were the 

dual-polarized ALOS-1 PALSAR-1 and ALOS-2 PALSAR-2 25-meter mosaic datasets. Most of the processing steps 

were automated to facilitate the application in other sites in the Philippines, and potentially at the country level. 

Decision tree classifiers were used to produce forest cover maps for the three new REDD+ pilot sites Albay, 

Eastern Samar and Davao Oriental for the years 2007, 2010, and 2015 and also forest cover change maps from 2010 

to 2015. The thresholds used for the decision tree classifiers for the forest cover mapping worked best for the radar 

images of Davao Oriental, achieving unbiased accuracy measures (overall, producer’s and user’s) of all classes of at 

least 89%. Over estimation of forests was observed for the forest cover maps of Eastern Samar and Albay, although 

corrected estimates of forest cover from the unbiased area estimation procedure kept uncertainties below 10%. 

For forest cover change results, accuracy was assessed only for the Davao Oriental change map due to the limitation 

of data availability in the other two sites. Unbiased measures of accuracy of at least 91% were achieved for the Stable 

Forest and Non-Forest classes but only 50% for the Deforestation class. 

This forest cover mapping methodology can be applied to other sites in the Philippines. Accuracy assessment and 

unbiased area estimation should be implemented to achieve error-adjusted estimates. More samples of deforestation 

may be required for forest cover change mapping to determine better thresholds to clearly distinguish deforestation 

from stable forests. Unbiased area estimation is recommended as a useful procedure to correct the deforestation 

area estimates based on the error matrix and to achieve realistic estimates and uncertainties. 





1. Introduction
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In order for the Philippines to access results-based payments for activities that contribute to reducing their 

emissions from deforestation and forest degradation, as well as conservation and sustainable management of forests 

and the enhancement of forest carbon stocks (REDD+), as agreed by the United Nations Framework Convention 

on Climate Change (UNFCCC 2008), the country must have the following prerequisites according to the Cancun 

Agreements:  

1. A national REDD+ strategy/action plan (Philippine National REDD+ Strategy [PNRPS]); 
2. A Safeguards Information System (SIS); 
3. A Forest Reference Emission Level and/or Forest Reference Level (FREL/FRL); and 
4. A National Forest Monitoring System (NFMS; 1/CP.16 par. 71 in FCCC/CP/2010/7/Add.1). 

The NFMS provides a mechanism to monitor and report REDD+ activities. In the Philippines, a concept note on 

the NFMS concept elaborated what data, methods, services and product specifications can be used to operationalize 

forest monitoring at the national level (Seifert-Granzin 2015). The guidelines provided for developing countries have 

suggested the use of both remote sensing and ground-based forest carbon inventory to estimate greenhouse gas 

(GHG) emissions and removals related to forests, as well as changes in forest carbon stocks and forest areas 

(4/CP.15. Par.1). 

From 2009 to 2013, the “Climate-relevant Modernization of the National Forest Policy and Piloting of REDD 

Measures in the Philippines” was implemented. This project was funded by the International Climate Initiative of 

the German Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB) 

through the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). The project tested remote sensing 

(RS) techniques to determine site level estimates of deforestation in Southern Leyte, one of the sub-national 

REDD+ pilot sites, discussed in more detail in Section 2.1. To achieve almost complete coverage of satellite data for 

the study site, cloud-free radar satellite imagery was the preferred dataset. In the follow-up project “National 

REDD+ System Philippines,” the same radar dataset and an improved version of the Southern Leyte methodology 

were applied to estimate forest cover and forest cover change in the new REDD+ replication sites of Albay, Eastern 

Samar, and Davao Oriental. The enhancements of the methodology are further discussed in Section 2. 

The radar remote sensing data that were used in this study were acquired using the active microwave sensors called 

the Phased Array type L-band Synthetic Aperture Radar (PALSAR) aboard the defunct Advanced Land Observing 

Satellite (ALOS-1) (Rosenqvist et al. 2004) and the currently operational ALOS-2/PALSAR-2 (ALOS-2 Project 

Team 2014). The 25-meter mosaic datasets from these satellites are freely accessible via the Earth Observation 

Research Center (EORC) of the Japan Aerospace Exploration Agency (JAXA) website and provides complete 

coverage of the Philippines for the years 2007-2010 and 2015-2016. The 2016 mosaic product, however, was only 

released in 2017 and was therefore not used in this research.  

Specifically, this research aimed to address these questions: 

1. How did the improved Southern Leyte methodology perform on the new replication sites? 
2. How do unbiased measures of accuracies and area estimates differ from the results of standard accuracy 

assessments and area calculations? 
3. How much forests have changed in the three REDD+ sites from 2010-2015 in terms of gross and net 

deforestation? 

1.1 Study area 
The provinces of Albay, Eastern Samar and Davao Oriental were selected to represent the regional areas of Luzon, 

Visayas and Mindanao, respectively. Two municipalities were selected as REDD+ replication sites for Albay and 

Eastern Samar, while three municipalities were selected for Davao Oriental (Seifert-Granzin 2014). The figures 

showing the total land area of the province and the selected municipalities for REDD+ replication are summarized 

in Table 1. Figure 1 shows the location of the Philippines and the REDD+ replication sites relative to other South 

East Asian countries. 
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Table 1. Total land area information of the three study sites 

Site Albay Eastern Samar  Davao Oriental 

Total land area sq km 

Provincea 2,575.77  4,660.47  5,679.64 

REDD+ sites 498.09  799.03  1,278.28  
a http://nap.psa.gov.ph/activestats/psgc/listprov.asp 

Figure 1. REDD+ replication sites 

1.1.1 Albay 
The general topography of Albay is mountainous with plenty of valleys and plains. The province experiences fair 

weather throughout the year but faces moderate rainy season in the second half of the year.1 The municipalities 

taken as REDD+ replication sites in the province of Albay were Oas and Ligao City which cover 498.09 square 

kilometers in area. 

1.1.2 Eastern Samar 
The interior part of the Eastern Samar contains low mountain ranges/rugged hills with dense tropical vegetation 

and various rivers and creeks, while the coastal areas have numerous plains.2 The province experiences tropical 

storms from the Pacific Ocean at very high frequency. Pronounced dry season is non-existent as the province 

receives heavy rainfall all year round.3 The municipalities designated as REDD+ replications sites were Maydolong 

and Borongan City covering 799.03 square kilometers in area. 

  

                                                           
1 Source: albay.gov.ph/about/ 
2 Source: http://www.tourism.gov.ph/SitePages/InteractiveSitesPage.aspx?siteID=44 
3 Source: http://www.nnc.gov.ph/regional-offices/region-viii-eastern-visayas/52-region-8-profile/301-region-viii-eastern-visayas 
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1.1.3 Davao Oriental 
The eastern coast of Davao Oriental is bordered by mountain ranges with randomly scattered hills, swamps, 

lowlands, creeks, rivers, lakes and quarries.4 Davao Oriental has similar climate conditions with Eastern Samar that it 

also does not have a dry season and experiences maximum rainfall in the months of November to January.5 The 

municipalities selected as REDD+ replication sites were Tarragona, Manay and Caraga, which cover an area of 

1,278.28 square kilometers. 

1.2 Data 
The main dataset used in this research were radar remote sensing images from the ALOS-1 PALSAR-1 and ALOS-2 

PALSAR-2. Radar data need to undergo a lot of pre-processing steps before it can be used to distinguish mappable 

classes because of speckle noise (see Section 2.1.2), radar effects (see Section 2.1.4), georeferencing issues (see 

Section 2.1.5) and to maximize the information from the radar data (see Section 2.3). 

Auxiliary data consisted of images from the Landsat archive and Google Earth, the 2010 Land Cover Map of the 

Philippines from the National Mapping and Resource Information Authority (NAMRIA) and field data from the 

Forest Resources Assessment (FRA) of the National REDD+ System Philippines project. 

1.2.1 ALOS PALSAR 
The range of wavelengths used in radar remote sensing makes it possible to achieve land observation that is cloud-

free, and since it has its own energy source in its platform, imaging can be done either by day or night, and under 

any weather condition. For this reason, radar data was selected and used for this research.  

The radar remote sensing data used in this work were acquired by the ALOS-1 PALSAR-1 and ALOS-2 PALSAR-2 

sensors. The images were captured using a radar frequency band called the “Long wave” or also known as the “L-

band,” which is a radio wave frequency within the range of 1 to 2 GHz and wavelength of 15-30 cm (Richards 

2009). The acquired raw images were pre-processed by the EORC-JAXA using antenna pattern correction, 

radiometric calibration and terrain/slope correction of the raw images (Shimada 2010). Once EORC-JAXA releases 

the products for free public use at a spatial resolution of 25 meters, these are referred to as the “25-meter mosaic 

scene datasets” and can be downloaded from their website.6  

The 25-meter mosaic scenes were processed from the Fine Beam Dual (FBD) mode acquisition of the satellite, 

which means that by default, each scene will have an “HH” and “HV” band. The “H” and “V” letters are radar 

polarization states of transmitted and received signals of wave energy, depending on which plane or surface they are 

moving along. The plane of incidence is perpendicular to the plane of the earth’s surface (see Figure 2). If the energy 

moves along the plane of incidence (black curves in Figure 2), then it is a “parallel polarization,” also known as the 

“vertical polarization,” which is simply referred to as “V.” If the energy moves along the earth’s surface or at right 

angles to the plane of incidence (red curves on Figure 2), then it is called the “perpendicular polarization,” also 

known as the “horizontal polarization,” which is simply referred to as “H” (Richards 2009). For the combination of 

these letters such as the “HH” and “HV” bands, the first letter is the polarization when the energy is transmitted 

and the second letter is the polarization when the energy is being received and recorded. The “HH” band, therefore, 

is transmitted and received in both horizontal polarizations while the “HV” band is transmitted in the horizontal 

polarization and received in the vertical polarization (Smith 2012). 

  

                                                           
4 Source: news.davaooriental.com.ph/index.php/province-profile/geography/ 
5 Source: davao.da.gov.ph/index.php/about-us/regional-profile 
6 http://www.eorc.jaxa.jp/ALOS/en/palsar_fnf/data/index.htm 
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Figure 2. An illustration of the plane of incidence, the Earth’s surface and how energy can travel on these planes (red along the 

surface or plane of the incidence and black along the surface of the earth) 
Illustration on the left taken from the book Remote Sensing with Imaging Radar (Richards 2009) and image on the right taken from the 

Envisat (http://envisat.esa.int/handbooks/asar/CNTR5-5.html). 

The Philippines is covered by 93 mosaic scenes (Figure 3) (longitude: 116 – 126 E, latitude: 5 – 21 N). 

Each replication site is covered by one mosaic scene (1×1 degree tile). The mosaic scenes are composed of different 

radar images acquired within one year, therefore acquisition dates may vary throughout the scene. Table 2 shows the 

scene IDs of the mosaic scenes used in each site, the years when the mosaic datasets were available, and the 

acquisition dates consisting each of the mosaic scenes used in the analysis. 

Table 2. Scene IDs of the mosaics used in each REDD+ replication site together with the years when the datasets were available 

and the actual acquisition dates of the mosaic scene 

Site Scene ID Years Acquisition Dates 

Albay N14E123 
2007-2010, 

2015 
June 2007,  
July 2007 

September 2010 June 2015, July 2015 

Davao Oriental N08E126 July 2010 
September 2010 

July 2015 
October 2015 Eastern Samar N12E125 
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Figure 3. The 2007 ALOS PALSAR HV mosaic scenes covering the Philippine archipelago 

Red boxes indicate the location of the three REDD+ replication sites (study areas). 

The following figures present a close-up look of the mosaic scenes covering the majority of the province of Albay 

(Figure 4) and the mosaic scenes partly covering the provinces of Eastern Samar (Figure 5) and Davao Oriental 

(Figure 6), respectively. 
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Figure 4. The 2015 ALOS PALSAR HV mosaic scene covering 

the REDD+ replication site in the Province of  

Albay, Philippines 

Figure 6. The 2015 ALOS PALSAR HV mosaic scene covering 

the REDD+ replication site in the Province of  

Eastern Samar, Philippines 

Figure 5. The 2015 ALOS PALSAR HV mosaic scene covering 

the REDD+ replication site in the Province of  

Davao Oriental, Philippines 
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1.2.2 Auxiliary data 
A short description of the auxiliary data used in this study is found in this section. These additional data were 

needed for the following purposes: 

1. Landsat data were used as base/reference images to georeference all available radar data; 
2. 2010 Land Cover Maps were used to generate a sampling design for the three study sites; 
3. Field data from the FRA were used as Forest samples for the analysis; and 
4. Google Earth images were used to verify the actual land cover as compared to the 2010 Land Cover Maps from 

NAMRIA and the field data from the FRA. 

1.2.2.1 Landsat 

The Landsat datasets were downloaded from the United States Geological Survey’s (USGS) EarthExplorer 

(https://earthexplorer.usgs.gov/) web tool. The path and row information of the Landsat data downloaded for each 

site are found in Table 3. 

Table 3. Path and row information of Landsat images used for georeferencing of the radar data 

Site Path # Row # 

Albay 114 051 

Davao Oriental 111 055 

Eastern Samar 113 052 

 

1.2.2.2 Land Cover Map 

The 2010 Land Cover Map of the Philippines was generated by the NAMRIA and the documentation of the 

processing is being finalized by the agency. The map initially had 21 land cover classes aggregated into 14 classes: 

Closed Forest, Open Forest, Shrubs, Fallow, Mangrove Forest, Marshland/Swamp, Fishpond, Inland Water, 

Wooded Grassland, Grassland, Annual and Perennial Crop, Built Up, and Open/Barren land. It was produced using 

visual interpretation of 116 ALOS Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) scenes, 40 

Satellite Pour l'Observation de la Terre (SPOT) 5 scenes, and 29 Landsat-7 scenes and ground validation was applied 

for accuracy assessment (Santos & Rocas 2014).  

1.2.2.3 Forest Resources Assessment 

The field data used in this research were obtained from the FRA of the REDD+ project and are available in reports 

from the Deutsche Forstservice (DFS) GmbH: FRA methodology (Lennertz et al. 2017) and the results of the FRA 

of Davao Oriental (Lennertz 2016) and Eastern Samar (Lennertz 2016). 120 Sampling Units (SUs) were available for 

Eastern Samar while 81 SUs were available for Davao Oriental. The configuration of the SUs is illustrated in Figure 7. 

The most useful information from the SUs that was used for this study is the 25 meter radius from the center, because 

within this 25 meter radius, field personnel checked if the area had a homogenous forest cover. The FRA data consist 

of a lot of information but for this study, most important were the actual latitude and longitude locations of the center 

of the clustered plots (labeled as “sample point” in Figure 7) and the nested plots, as well as the current land cover in 

each plot. Since this information was available and the plots could be cross-checked in Google Earth, the nested plots 

were also used in this study. 
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Figure 7. FRA sampling unit design 

  



2. Methodology
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The methodology for the previous REDD+ site in Southern Leyte also made use of the ALOS PALSAR 25-meter 

mosaic data from JAXA and the majority of the processing was carried out using Environment for Visualizing 

Images (ENVI), a commercial software for image processing and analysis. As the analysis was done for the entire 

island of Leyte, six mosaic scenes were required and mosaicking these scenes together was needed in the 

methodology. After which, image to image registration to a Landsat image was applied and further pre-processing 

was done such as land/sea masking, application of radar effects and a 3×3 Lee filter for speckle reduction. Radar 

cross-section calculation was applied for the HH and HV bands, as well as 5 additional indices/ratios (Section 2.1.3). 

Training and accuracy assessment samples of at least 4 hectares each were obtained from Google Earth and because 

samples were dependent on the availability of Google Earth images, a sampling scheme and design was not 

employed. Forest, non-forest and coconut palm classes were identified using three supervised classification 

algorithms – Maximum Likelihood, Support Vector Machine, and Neural Network. The last algorithm provided the 

best results for the forest cover maps of 2007 and 2010 for Leyte Island, after application of post-classification 

steps. Error matrices were generated for each map but unbiased area estimation was not utilized yet to achieve error-

adjusted forest areas. For the change map, a post-classification comparison and analysis of the 2007 and 2010 maps 

was employed to detect changes in land cover classes. These changes were detected through pixel to pixel 

comparison such that if a pixel changes its land cover classification to another class (e.g. Forest to Non-Forest), then 

it is detected as change (e.g. Deforestation). This method is less preferred than a direct classification for a number of 

reasons as discussed in the Global Observation of Forest Cover and Land Dynamics (GOFC-GOLD) (2016) and in 

the Methods and Guidance Document (MGD) (GFOI 2016). No accuracy assessment was done on the final result 

(Estomata 2014). 

The methodology applied in this study follows the same approach implemented in Southern Leyte, as described in 

the previous paragraph, but with some major modifications to improve the results of the analysis and to take into 

consideration advances in techniques of data pre-processing, classification and accuracy assessment based on the 

MGD from the Global Forest Observation Initiative (GFOI 2016). Some of the major differences were the 

following:  

1. Application of a multi-temporal speckle filtering (MTSF) technique;  
2. Use of a sampling scheme in selecting training and accuracy assessment samples;  
3. Classification algorithm used;  
4. Application of an unbiased area estimation; and  
5. Direct classification for change analysis. 

These differences will be discussed in more detail throughout the document and are highlighted by red frames 

around boxes in Figure 9. 

The general process (GP) applied, as shown in Figure 8, is discussed in more detail in this section, and further 

broken down into sub-steps as illustrated in Figure 9. The GPs are as follows: 

1. Data preparation and pre-processing of radar remote sensing data;  
2. Sampling scheme and identification of samples for training and accuracy assessment;  
3. Forest cover classification sample analysis, forest cover classification, accuracy assessment and unbiased area 

estimation; 
4. Deforestation sample collection and analysis for forest cover change classification; and  
5. Forest cover change classification, accuracy assessment and unbiased area estimation. 
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Figure 8. General workflow of the methodology 

The five GPs (blue boxes) and all of its sub-steps (green or yellow boxes) are discussed in five separate sections 

(Sections 2.1 to 2.5). The actual process flow of each sub-step is illustrated in five figures (Figure 10, Figure 14, 

Figure 17, Figure 23 and Figure 26). 
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Figure 9. Overall workflow of the study with the enhancements from the Southern Leyte methodology (highlighted by red borders) 
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2.1 Data preparation and pre-processing of radar remote sensing data 
The ALOS-1/2 PALSAR-1/2 25-meter slope-corrected mosaic images used in the analysis were downloaded from 

the website as compressed folders (“.tar.gz” format), and all images in the compressed folders had corresponding 

header files (“.hdr” format). 

Each site was covered by one radar image, hence, the mosaicking of multiple radar tiles was not required in this 

study. The complete process workflow of the data preparation and pre-processing is presented in Figure 10 and is 

further elaborated in the next sub-topics (Sections 2.1.1 to 2.1.5). 

The process started with the compressed ALOS PALSAR mosaic files (2007, 2008, 2009, 2010 and 2015) of each 

site. At the end of the process, the outputs were georeferenced ALOS PALSAR images for 2007, 2010 and 2015 

containing multi-temporal speckle filtered polarization bands and additional band ratios. More details on the 

processing are provided under “Additional Information” in Figure 10. 

Figure 10. Flow chart of the data preparation and pre-processing of radar remote sensing data 
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2.1.1 Data extraction 
Starting this process required the compressed folders of the ALOS PALSAR files in “.tar.gz” format. These 

compressed folders were extracted, and each compressed folder must contain 10 files. It should be composed of the 

following: 

• One acquisition date band (file with “date” in filename), which contains digital numbers that correspond to the 
dates of when the image was captured;  

• One incidence band (file with “linci” in filename), which contains the incidence angle during image acquisition;  

• One mask band (file with “mask” in filename), to remove data with radar effects such as lay over, shadow and 
foreshortening; and 

• Two polarization bands – HH and HV (files with “HH” and “HV” in filenames, respectively).  

Each file has a corresponding header file (“.hdr” format type), which makes up the 10 files. The extracted files of 

one compressed folder are shown in Figure 11. 

Figure 11. Extracted ALOS-2 PALSAR-2 files for Albay 

2.1.2 Multi-temporal speckle filtering 
Before the radar data can be used, speckle noise (“salt and pepper” appearance of radar image) should be reduced 

first through speckle filtering methods. Multi-temporal SAR speckle filtering was used in this study since it was 

found to produce speckle filtered images with minimal loss of radiometric accuracy (Reiche 2015). This resulted in 

improved radar images (see Figure 12) and also better classification results. 

In multi-temporal speckle filtering, images taken at different dates for the same area were required and needed to be 

perfectly georeferenced/geocoded, which was ensured for all the radar data used in this study. Therefore, all HH 

and HV bands of ALOS-1 PALSAR-1 data in 2007, 2008, 2009 and 2010, along with the 2015 ALOS-2 PALSAR-2 

data, were lumped into one file and underwent a multi-temporal speckle filtering using the Sentinel Application 

Platform (SNAP) tool from the European Space Agency (ESA), which greatly improved the images as illustrated in 

Figure 12. After each polarization band was speckle filtered, they were grouped back to their original incidence, 

mask and acquisition date bands per year. 
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Figure 12. Sample images of HH and HV bands before and after multi-temporal speckle filtering 
(A) HH and (B) HV bands before multi-temporal speckle filtering and show the “salt and pepper” effect of radar images. After 
speckle filtering, the (C) HH and (D) HV bands clearly show the speckle noise reduction (no “grainy/salt and pepper” effect) of 

the radar images. 

2.1.3 Radar cross-section and additional ratio calculations 
Standard to any ALOS PALSAR mosaic processing, the Digital Number (DN) amplitude values of the polarization 

bands (HH and HV) were converted into decibel (dB) values through a radar cross-section calculation equation 

(Rosenqvist 2016) (JAXA-EORC 2012): 

𝐵𝑎𝑛𝑑(𝑑𝐵) = 10 ∗ 𝑙𝑜𝑔10(𝐷𝑁)2 + 𝐶𝐹       Equation 1 

As provided by JAXA, the calibration factor (CF) for both ALOS-1/2 PALSAR-1/2 is -83.0 dB (Rosenqvist 2016, 

JAXA-EORC 2012). 

As was also done in the previous methodology, five additional ratios/indices were calculated from the original HH 

and HV bands because it was observed that these additional ratios/indices helped in improving the separability of 

classes in the old study and is therefore expected to also do the same in this study. The ratios were calculated using 

the following equations: 

𝑟𝑎𝑡𝑖𝑜 1 =  𝐻𝐻 𝐻𝑉⁄          Equation 2 

𝑟𝑎𝑡𝑖𝑜 2 = 𝐻𝑉 𝐻𝐻⁄          Equation 3 

𝑟𝑎𝑡𝑖𝑜 3 =  𝐻𝐻_𝐻𝑉𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =  
𝐻𝐻+𝐻𝑉

2
       Equation 4 

Equation 5 shows the Normalized Difference Index (NDI) (Almeida-Filho et al. 2010). 
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𝑟𝑎𝑡𝑖𝑜 4 =  𝑁𝐷𝐼 =  
[𝐻𝐻−𝐻𝑉]

[𝐻𝐻+𝐻𝑉]
, also known as forest degradation index (RFDI)   Equation 5  

To determine Ratio 5 (Equation 6), the work of Li et al. (2012) was used. 

𝑟𝑎𝑡𝑖𝑜 5 =  𝑁𝐿 =  
𝐻𝐻∗𝐻𝑉

𝐻𝐻+𝐻𝑉
         Equation 6 

Where NL is the band ratio calculated. 

2.1.4 Re-calculation of the radar effects mask band and its application to all other bands 
The radar effects mask that accompanied the polarization bands contains information about the radar effects 

encountered during data acquisition, such as lay over, shadow and foreshortening. The mask image contains five 

DN values (Rosenqvist 2016):  

• 0 is no data; 

• 50 is ocean and water; 

• 100 is lay over; 

• 150 is shadowing; and  

• 255 is land. 

To analyze areas that have no radar effects and are within the land area only, all pixels with values 0 to 150 were 

assigned a value of 0, and those pixels that have no radar effects were given a value of 1. This then becomes a mask 

with only two values of 0 and 1 such that when this mask is applied to the polarization bands, areas with radar 

effects are excluded from the analysis. This radar effects mask is called “re-calculated mask” in this report. 

The entire data preparation and pre-processing, excluding the speckle filtering, was automated using the Remote 

Sensing and GIS Software Library (RSGISLib), which is a library developed by Aberystwyth University that was 

meant to fill the gaps of existing software and also provide a means to improve the implementation of new and 

innovative algorithms and processing techniques of data (Bunting et al. 2014). During the calculation of the radar 

cross-section and the five additional ratios, the re-calculated mask values were multiplied with the values of each 

band in order to automatically mask out areas that have radar effects. The final product was a 10-band layer file 

composed of the following: 

• Masked radar cross-section bands (HH and HV); 

• Five ratios;  

• Re-calculated mask band; and  

• The original data acquisition and incidence angle bands.  

2.1.5 Image to image registration 
The ALOS-1/2 PALSAR-1/2 mosaic datasets, which were geocoded by JAXA, showed an offset of around 100 

meters when features between the ALOS-1/2 and Landsat datasets were compared. Due to this, all the radar 

datasets, after going through the processes described in Sections 2.1.1 to 2.1.4, were georeferenced to their 

respective 30-meter Landsat datasets.  

The prerequisite for georeferencing or applying geometric correction on a satellite image is to acquire and/or 

establish ground control points (GCPs), which can be obtained using Geographic Positioning System (GPS) units or 

the use of reference maps/images (Nguyen 2015, Wang et al. 2012). GCPs are features on the map/image to be 

georeferenced that can also be identified on the reference map/image. Features should be well-defined and spatially 

small such as intersections of airport runways or roads, river bends and pronounced coastline features (Richards & 

Jia 2006). 

The spatial distribution of the GCPs can affect the quality and accuracy of the correction. Therefore, the GCPs 

selected in this study were well-distributed throughout the images (Figure 13). At least 4 GCPs are needed to 

georeference an image but in this study at least 10 GCPs were used for each image.  

In positional accuracy, the difference between the reference location and the location on the data being assessed is 

called the root mean square error (RMSE) (Congalton & Green 2009). For the Albay radar datasets, RMSE of less 

than 0.45 were achieved and at least 0.35 for both Davao Oriental and Eastern Samar.  
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The final products were georeferenced radar images with datum (World Geodetic System (WGS) 84) and projection 

(Universal Transverse Mercator (UTM) Zone 51) matching the Landsat images. 

Figure 13. Georeferencing of ALOS PALSAR image (left) and Landsat image (right) 

2.2 Sampling scheme and identification of samples for training and accuracy assessment 
This section discusses the following topics in three sections: 1) how the classes were determined (Section 2.2.1), 2) 

the sampling scheme applied to the training samples (Section 2.2.2), and 3) the sampling scheme for the accuracy 

assessment samples (Section 2.2.3). The entire process of how these three topics flow from one step to the next is 

illustrated in the flowchart of Figure 14. The process began from the 2010 National Land Cover Map from 

NAMRIA and the end products were shapefiles for training and accuracy assessment. The lower part of the 

flowchart of Figure 14 illustrates how the field data from the FRA were integrated into the analysis and selection of 

samples. Additional details on the processing are provided under “Additional Information” in Figure 14. 
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Figure 14. Flow chart of the sampling scheme and identification of samples for training and accuracy assessment 

2.2.1 Classes 
The 2010 National Land Cover Map from NAMRIA was used to pre-determine initial training and accuracy 

assessment samples. To be compliant with the requirements of the Intergovernmental Panel on Climate Change 

(IPCC, 2003), the 14 classes of the land cover map were aggregated into 6 IPCC classes (see Figure 15) (Santos R. 

2014) before a sampling scheme was applied. 

The analysis also aimed to separately classify coconut and forests. In order to have an indicative area of where 

coconut palm areas were located in the study sites, the “Perennial Crop” class from the NAMRIA land cover map 

was used as a proxy. But since perennial crops may also refer to orchards, vineyards, palm plantations, coffee, tea, 

sisal, banana and abaca (DENR 2005), this class had to be double checked first on Google Earth before it was used 

as a sample for the additional class “Coconut Palm.”  
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Not all the study sites did have the land cover “Other land,” therefore only 6 classes were initially identified during 

the sampling. As explained in Section 2.3.1, the separability of the Coconut Palm, Cropland and Grassland classes 

was not too good and they were therefore combined into one class called “Non-Forest.” The four classes – 

Forestland, Wetland, Non-forest and Settlements – were the initial classes used during decision tree classification 

but were simplified later into Forest and Non-Forest. Figure 15 shows the aggregation of 14 Land Cover classes of 

NAMRIA to the final Forest/Non-Forest classes.  

Figure 15. Aggregation of the 14 classes of the 2010 National Land Cover map into two classes 

2.2.2 Sampling scheme 
A stratified systematic sampling was applied to the classes of the land cover map within the boundaries of the 

replication sites. The process was automated in ArcGIS by programming which ensured that the samples met a 

criterion of at least 50 meters away from each other because each sample point will be buffered by a 25-meter radius 

circle afterwards. Since it was a stratified systematic sampling, the number of samples were dependent on the total 

available area of each land cover type. Figure 16 illustrates how the number of samples varies depending on the area 

of the classes, where larger areas (Class 1 and Class 2) will have more samples compared to smaller areas (Class 3).  

Some classes had enough samples to have at least 20 training samples and 50 accuracy assessment samples. But 

some did not have enough samples such as the wetland and settlement classes within Davao Oriental and Eastern 

Samar (Table 4). A random sample generator was used to randomly select which samples were used for training and 

for accuracy assessment. If the number of samples available exceeded 70, these were reserved in case the first 70 

were not consistent with Google Earth images. Note that the training and accuracy assessment samples were the 



21 
 

same for all the years analyzed (2007, 2010, and 2015). All the samples were checked throughout time (2000 to 2016 

if available) on Google Earth unless stated otherwise. 

Figure 16. Illustration of stratified sampling of land cover data 

Table 4. Total number of training samples available for each class of each replication site 

Class Albay Davao Oriental Eastern Samar 

Forestland 20 50a 50a 

Wetland 20 10 10 

Grassland 20 20 20 

Cropland 20 20 20 

Coconut Palm 20 20 20 

Settlement 20 9 10 
a From the Forest Resources Assessment 

2.2.2.1 Training samples 

All training samples for all sites, excluding the Forest samples based on the FRA, were buffered with a radius of 25 

meters and then cross-checked against available Google Earth satellite images and/or aerial photographs. 

Many of the samples for cropland, grassland and coconut palm, based on the NAMRIA land cover map, were 

observed to be inconsistent with the Google Earth images and had to be relocated in areas where these land cover 

classes actually occurred (if no reserve samples are available). Correcting the training samples was a very important 

step to properly derive the thresholds from the samples for separating and classifying the land cover classes. Since 

the samples were moved to correct areas, the sampling scheme was not strictly implemented. It was also difficult to 

apply the scheme because for some areas, Google Earth images were not available. 

2.2.2.2 Training samples of forests (FRA-based) 

When the FRA data of Davao Oriental and Eastern Samar became available, they were used to replace the selected 

forest samples based on the NAMRIA land cover map. At least 50 plots were used for training, and the rest were 

used for accuracy assessment. These FRA plots were also cross-checked with Google Earth because the fieldwork 

was conducted on dates that differed from acquisition dates of the 2015 PALSAR images (Table 5). If the sample is 

deforested already on Google Earth on or before the acquisition date of the PALSAR image, it is not used as a 

sample of the Forest class for training nor accuracy assessment (see lower part of Figure 14).  
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Table 5. Acquisition dates of 2015 PALSAR image and the FRA fieldwork dates 

Data Davao Oriental Eastern Samar 

2015 PALSAR Acquisition Date  July 2015 and October 2015 July 2015 and October 2015 

FRA fieldwork dates August 2015 to March 2016 December 2014 to July 2015 

 

A majority of the samples for Eastern Samar could not be verified in Google Earth because there were very limited 

images available for the forested areas of the province. Therefore, the 50 training samples from the FRA were 

assumed to be correct and consistent with Google Earth images. 

For Davao Oriental, more GE images were available to verify the FRA samples but out of the 81 FRA samples for 

Davao Oriental, only 61 were consistent with Google Earth. The training samples were composed of 6 to 9 

PALSAR pixels that corresponded to the location of the FRA samples. 

2.2.3 Sampling for accuracy assessment  
To determine the required total sample size (n) for accuracy assessment and achieve a specific confidence level, the 

methods of Olofsson (2014) were applied, which made use of Cochran’s (1977) equation for the sample size of a 

stratified random sampling (Equation 7). This entailed identifying the total mapped area of each class to be able to 

identify the stratum standard error of each class, as well as the target standard error of a specific class (i.e. forest 

loss). The latter has great effect on the total sample size such that the better the standard error that is required, the 

higher will be the total sample size calculated. 

𝑛 = (
∑ 𝑊𝑖𝑆𝑖

𝑆(�̂�)
)

2

          Equation 7 

where: 𝑛 = sample size calculated 

𝑊𝑖 = mapped area of category i, 

𝑆𝑖 =  √𝑝𝑖(1 − 𝑝𝑖) = stratum standard error, 

𝑝𝑖 = proportion of the target class in category i, and 

𝑆(�̂�) = standard error of the target class 

The following assumptions were made for all the forest cover maps: 1) there will be 20 errors of omission of forest 

in non-forest per 100 units; 2) user’s accuracy for forest will be 90%; and 3) the target standard error for the forest 

estimate is 2.5% (at 95% confidence interval [CI]). The total number of samples varied depending on the area 

classified as Forest and Non-Forest in each of the replication sites. Table 6 shows the required sample size for each 

replication site.  

Table 6. Sample size required for accuracy assessment of the forest cover maps 

Year Albay Davao Oriental Eastern Samar 

2007 234 195 164 

2010 216 191 162 

2015 224 202 170 

 

The major limitations of the number of forest samples were: 

1. Limited number of FRA data left for Davao Oriental and Eastern Samar as the other FRA data were used as 

training samples; and  

2. Limited availability of satellite images and/or aerial photos that clearly showed forest areas in Albay and 

Eastern Samar. 

2.2.3.1 Accuracy assessment samples  

The accuracy assessment samples for the forest cover maps were simplified to two classes: Forest and Non-Forest 

where Non-Forest was composed of samples from Cropland, Coconut Palm, Grassland, Settlement and Wetland 

areas. The sample points, not including the Forest samples based on the FRA, were buffered between 25 to 50 
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meters depending on how homogenous the sample was on Google Earth images. Table 7 shows the actual number 

of samples that was available and used for accuracy assessment. 

Table 7. Number of samples available for accuracy assessment of the forest cover maps (2007, 2010 and 2015) 

Class Albay Davao Oriental Eastern Samar 

Forest 50 61 77 

Non-Forest 131 136 206 

Total 181 197 293 

 

2.2.3.2 Accuracy assessment samples of forest samples (FRA-based) 

As mentioned in Section 2.2.2.2, most of the samples for Eastern Samar could not be verified in Google Earth 

because of limited image availability for the forested areas of the site. Therefore, all 77 accuracy assessment samples 

based on the FRA were assumed to be correct and consistent with Google Earth images. 

Since only 61 samples from the Davao Oriental FRA were consistent with Google Earth and 50 of these samples 

were used to train the decision tree classifier, only 11 samples were left for accuracy assessment. To have more 

samples for accuracy assessment based on the FRA, 42 out of the 50 samples used for training were expanded from 

6 or 9 pixels to not more than 81 pixels. The training samples of Forest covered 28 hectares while the accuracy 

assessment samples covered 125 hectares of Forest. 

2.3 Forest cover classification sample analysis, forest cover classification, accuracy 

assessment and unbiased area estimation 
After the radar datasets were prepared for further processing (as discussed in Section 2.1) and the training samples 

were selected (as elaborated in Section 2.2), separability and zonal statistics analysis were applied to identify 

thresholds. The thresholds were put into the decision tree classifier to classify the radar datasets into 4 classes: 

Wetland, Settlements, Non-Forest (Coconut Palm, Cropland and Grassland) and Forest areas. The classification 

result underwent post-classification procedures then accuracy assessment and unbiased area estimation (Figure 17). 

Note that two sets of thresholds (discussed in more detail in Section 2.3.3) were identified to classify images 

acquired by PALSAR-1 and PALSAR-2, respectively. The global Forest/Non-Forest (F/NF) maps generated by 

EORC-JAXA also used different thresholds for PALSAR-1 and PALSAR-2. They are currently still trying to find a 

better threshold to generate an improved global F/NF map for 2015. This is why no manuscript/paper/reference 

for this is available yet. A better F/NF map for the year 2015 is especially needed for the Philippines because when 

it was compared to the 2007-2010 F/NF map, severe loss of forests in some sites were observed (Rabang et al. 

2017) and were unrealistic.  
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Figure 17. Flowchart of the forest cover sample analysis, actual forest cover classification, accuracy assessment and unbiased 

area estimation 

2.3.1 Region of Interest (ROI) Separability Analysis 
The separability of two classes can range from 0.00 (not separable) to 2.00 (very separable). The values indicate how 

two classes are distinguishable from each other for a specific image, statistically and spectrally. Six classes were 

analyzed and the separability for Coconut Palm, Cropland and Grassland were quite low (averaging at 1.74640). 

Therefore, these three classes were combined into a single ROI/class called Non-Forest (Richards & Jia 2006). 

The separability of all the classes is shown in Table 8. It is important to note that among all the classes compared, 

these three specific classes, when compared to each other, had averages lower than 1.90, while the rest had 

separability figures higher than 1.90.  
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Table 8. Separability values of all land cover classes for all available images in each site 

Classes compared Albay  Davao Oriental  Eastern Samar Average 

2010 2015  2007 2010 2015  2007 2010 2015 

Coconut Palm : Grassland 1.72250a 1.50973a  1.54956a 1.52602a 1.58334a  1.60486a 1.62556a 1.67864a 1.60003a 

Grassland : Cropland 1.72295a 1.42366a  1.99648 1.94385 1.98393  1.80623a 1.56489a 1.56343a 1.75068a 

Coconut Palm : Cropland 1.97092 1.58871a  1.98690 1.81564a 1.95173  1.97261 1.86115a 1.96027 1.88849a 

Grassland : Wetland 1.99940 1.99894  1.97796 1.98586 1.99890  1.77586 1.86413 1.79596 1.92463 

Coconut Palm : Forest 1.96505 1.97427  1.91949 1.77744b 1.99211  1.99342 1.95783 1.91404 1.93671 

Grassland : Forest 1.97627 1.97323  1.95653 1.74228b 1.96368  1.99853 1.98694 1.99057 1.94850 

Coconut Palm : Settlement 1.97212 1.97087  1.99940 1.97513 1.99908  1.95805 1.93103 1.85686 1.95782 

Cropland : Settlement 1.85854 1.98713  1.98204 1.89243 1.99907  1.98849 1.99098 1.98796 1.96083 

Grassland : Settlement 1.86796 1.94770  1.99998 1.99871 1.99988  1.98702 1.99052 1.96375 1.96944 

Cropland : Wetland 1.99997 1.99260  1.99781 1.94234 1.97676  1.99246 1.99157 1.98244 1.98449 

Settlement : Forest 1.99594 1.99483  1.99997 1.99948 1.99999  1.99948 1.96986 1.96744 1.99087 

Coconut Palm : Wetland 2.00000 2.00000  1.99026 1.99455 1.99999  1.99917 1.99955 1.99997 1.99794 

Cropland : Forest 1.99973 1.99986  1.99980 1.99398 1.99998  2.00000 1.99949 1.99994 1.99910 

Wetland : Forest 2.00000 2.00000  1.99920 1.99926 2.00000  2.00000 1.99999 2.00000 1.99981 

Settlement : Wetland 2.00000 2.00000  2.00000 1.99998 2.00000  2.00000 1.99999 2.00000 2.00000 
a Separability values between coconut palm, grassland and cropland that are lower than 1.90. 
b Separability values compared to the forest class that are lower than 1.90.  
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The spectral separability of the remaining four classes (Forest, Non-Forest, Settlement and Wetland/Flooded 

Cropland) was illustrated using boxplots (Figure 18). The last class was identified as Wetland/Flooded Crop because 

the spectral response of classes where water was present were expected to be similar. This was also observed in the 

boxplots (Figure 18A,D,E,F), where some outliers of Non-Forest, which were probably flooded Croplands, 

overlapped with the boxplots of Wetlands. Compared to other classes, the radar backscatter characteristics of 

Wetland/Flooded Crop class was very different. Water, and other smooth surfaces, appeared very dark in radar 

images (Smith 2012) and this made it very separable compared to all classes among the bands HH, HV, HH-HV 

average and NL (Figure 18A,D,E,F). The Settlement class appeared very bright in radar images and in this case, 

separable only in the HH band when compared to the Non-Forest and Forest classes.  

The HH band was also found to be good at separating classes over low vegetation, clear cut and open water (Saatchi 

& Rignot 1997). However, since the Non-Forest class in this study was composed of Grassland, Cropland and 

Coconut Palm, it was expected that the Non-Forest class would not be separable at this band. The HV band was 

found to be sensitive to volume scattering of forest canopy (Smith 2012), which was why the Non-Forest and Forest 

classes were separable at the following bands: HV, HH/HV and NDI. 
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Figure 18. Spectral separability of Forest, Non-Forest, Settlement and Wetland classes 
Boxplots show the mean Digital Numbers values of the (A) HH band, (B) HV band, (C) HH/HV ratio, (D) HV/HH ratio, (E) HH HV average, (F) NL and (G) NDI.
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2.3.2 Zonal statistics analysis 
Figure 19 illustrates how zonal statistics work. The inputs are a zone layer (Figure 19A) and a value layer 

(Figure 19B). A zone layer consists of “zones” or areas (i.e. zone 1 and zone 2 in Figure 19A) while a value layer 

consists of different values (i.e. 1, 2, 3 and 4 in Figure 19B).  

Figure 19. Sample input and output of zonal statistics 

When these two layers are overlapped (Figure 19C), a specific statistic (e.g. mean) of the values from the value layer 

within zone 1 and zone 2 of the zone layer (Figure 19A) is calculated. The calculated statistic is now the “zonal 

statistic” within a zone (Figure 19D).7 A zone layer may have many “zones” and each zone will have a single 

statistical value calculated from the value layer. 

The “zones” used in this study were the sample areas/ROIs/classes previously defined in Section 2.2. The value 

layers used were the bands and ratios of the radar dataset produced using the process of Section 2.1.  

2.3.3 Threshold identification 
Different thresholds were used to classify the images acquired by PALSAR-1 from PALSAR-2 because under-

estimation of forests was observed when the thresholds identified for PALSAR-1 images were used to classify 

PALSAR-2 images.  

The zonal statistics (mean and standard deviation) used to identify the thresholds were only from the classes with 

separability values higher than 1.99 when compared to the Forest classes. This ensured that the classes selected to 

identify the thresholds were very separable from forest classes among all radar images for each study area. Table 9 

                                                           
7 http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/h-how-zonal-statistics-works.htm 
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and Table 10 show the separability values of each class compared to the forest class for ALOS-1 PALSAR-1 and 

ALOS-2 PALSAR-2, respectively. For the 2007 image of Albay, separability analysis was not applied because the 

radar image had diagonal lines, which may be attributed to sensor error. 

Table 9. Separability values of all classes against the forest class for all images available for ALOS-1 PALSAR-1 

Classes 

compared 

Albay  Davao Oriental  Eastern Samar 

2007a 2010  2007 2010  2007 2010 

Forest : 

Coconut 

 1.96504958b  1.91948540b 1.77744197b  1.99342471c 1.95782549b 

Forest : 

Grassland 

1.97627233b  1.95652915b 1.74228154b  1.99852547c 1.98694153b 

Forest : 

Cropland 

1.99973324c  1.99979718c 1.99398000c  1.99999753c 1.99948542c 

Forest : 

Settlement 

1.99593761c  1.99920184c 1.99947830c  1.99947642c 1.96985940b 

Forest : 

Wetland 

1.99999997c  1.99997311c 1.99925864c  1.99999902c 1.99998876c 

a Not included because the radar image had diagonal lines, which may be attributed to sensor error. 
b Separability values of classes compared to forest class that were less than 1.99. 
c Separability values of classes compared to the forest class of at least 1.99 

Table 10. Separability values of all classes against the forest class for all images available for ALOS-2 PALSAR-2 

Classes compared Albay Davao Oriental Eastern Samar 

Forest : Coconut 1.97427059 a 1.99210968 b 1.91404300 a 

Forest : Grassland 1.97322566 a 1.96368417 a 1.99056815 b 

Forest : Cropland 1.99985655 b 1.99997537 b 1.99993991 b 

Forest : Settlement 1.99482726 b 1.99999348 b 1.96744441 a 

Forest : Wetland 2.00000000 b 1.99999582 b 1.99999998 b 
a Separability values of classes compared to forest class that were less than 1.99. 
b Separability values of classes compared to the forest class of at least 1.99 

All zonal statistics of the Forest classes for the 2007 and 2010 radar images (ALOS-1 PALSAR-1) were consolidated 

into one comma separated values (CSV) file. Appended to this CSV file were the zonal statistics of classes with 

separability values of 1.99 when compared to the Forest class (all classes marked “c” in Table 9). A separate CSV file 

contained the zonal statistics for 2015 (ALOS-2 PALSAR-2) – Forest for 2015 and classes marked “b” in Table 10. 

These CSV were put into an R code which automatically calculated the thresholds used in the decision tree 

classification (De Alban J. 2017). Two sets of thresholds were identified – for PALSAR-1 and for PALSAR-2 

images.  

2.3.4 Decision tree classification 
Typical supervised classification algorithms such as maximum likelihood, neural network and support vector 

machine were used for Southern Leyte and were also tested using the radar images of the current study. The results 

of the conventional supervised classification methods were outperformed by the decision tree classification 

algorithm used in this study. Less over estimation of forest areas was observed in the results of the latter algorithm. 

The decision trees used to classify the ALOS-1 PALSAR-1 and ALOS-2 PALSAR-2 images are shown in Figure 20 

and Figure 21 and were also based on the work of Reiche (2015) but focusing only on the use of radar data.  
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Figure 20. Decision tree classification used to classify all ALOS-1 PALSAR-1 images 

Figure 21. Decision tree classification used to classify all ALOS-2 PALSAR-2 images 

Post-classification processes were applied including application of the re-calculated radar effects mask to exclude 

areas affected by shadow and layover, implementation of a majority analysis of a 5×5 kernel filter to remove isolated 

pixels, and combination of classes to simplify the classification into two classes – Forest and Non-Forest. 

2.3.5 Accuracy assessment 
As mentioned in Section 2.2, a separate set of samples was selected for accuracy assessment. The samples were also 

double-checked on Google Earth before they were used to assess the accuracy of the forest cover maps. A 

confusion/error matrix was generated using ENVI’s “confusion matrix tool (using ground truth ROIs).” This 

matrix provided information on how many pixels were correctly or incorrectly classified based on ground truth 
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information. Figure 22 shows the confusion matrix and how its statistics such as overall, producer’s and user’s 

accuracies were computed (Strahler et al. 2006). 

Figure 22. Confusion/error matrix and how to compute the different accuracies (Strahler et al. 2006) 

2.3.6 Unbiased area estimation 
In order to apply unbiased area estimation, it is necessary to compute the area of each mapped class. It can be 

computed by taking the number of pixels (n) classified as Class i and applying the following equation: 

𝐶𝑜𝑚𝑝𝑢𝑡𝑒𝑑 𝐴𝑟𝑒𝑎 𝑓𝑜𝑟 𝐶𝑙𝑎𝑠𝑠 𝑖 (ℎ𝑎) =
𝑛 𝑥 (𝑎𝑟𝑒𝑎 𝑜𝑓 1 𝑝𝑖𝑥𝑒𝑙 𝑖𝑛 𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡𝑒𝑟)

𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡𝑒𝑟 𝑡𝑜 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛
=  

𝑛 𝑥 625 

10,000
ℎ𝑎  Equation 8 

where: 𝑛 = number of pixels classified/mapped as Class i 

𝑎𝑟𝑒𝑎 𝑜𝑓 1 𝑝𝑖𝑥𝑒𝑙 = (25 𝑥 25) 𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡𝑒𝑟 8 

𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡𝑒𝑟 𝑡𝑜 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =  10,000 𝑠𝑞𝑚/ℎ𝑎 9 

This additional step of estimating unbiased areas was recommended by the MGD from the GFOI (2016). The 

process of unbiased area estimation applied in this study was based on Olofsson et al. (2013, 2014). Using the 

confusion/error matrices from the accuracy assessments and the areas of each class, error-adjusted estimates of 

classes with uncertainties at 95% CI were achieved. 

2.4 Deforestation sample collection and analysis of forest cover change classification 
In this study, a direct classification was applied to the radar satellite images, specifically the difference of the radar 

satellite images from 2007 and 2010 or 2010 and 2015. Because there were limited images available in Google Earth 

in 2007 for all three study sites, the focus of the direct classification was between the years 2010 and 2015. The DN 

values of each band of the 2015 image was subtracted from the respective bands of the 2010 image, which is 

                                                           
8 The resolution of ALOS PALSAR mosaic is 25 m. 
9 1 hectare is equal to 10,000 square meters. 
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referred to here as the “Difference Change Index” (DCI) image. Equation 9 illustrates what the calculation looks 

like and is also similar to what was applied in Reiche et al. (2015). 

𝐷𝐶𝐼 (𝑏𝑎𝑛𝑑)𝑌𝑒𝑎𝑟1−𝑌𝑒𝑎𝑟2 = 𝐷𝑁 (𝑏𝑎𝑛𝑑)𝑌𝑒𝑎𝑟1 − 𝐷𝑁 (𝑏𝑎𝑛𝑑)𝑌𝑒𝑎𝑟2    Equation 9 

Figure 23 illustrates the entire process of generating the DCI image, how the deforestation sample collection and 

analysis was done and how to achieve the thresholds used for the decision tree classification. Each of the steps are 

further elaborated in the following sections. 

Figure 23. Flowchart of the deforestation sample collection and analysis for forest cover change classification 
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2.4.1 Deforestation sample collection  
Before any analysis can be done on the DCI image, samples of deforestation from 2010 to 2015 were identified 

from Google Earth. Samples must show forest in 2010 that ended up being non-forest in 2015. Note that the dates 

of the Google Earth images must match the acquisition dates of the radar images, which were automatically 

calculated using a Python code based on JAXA-EORC (2012) (Rosenqvist 2016). 

If, for example, the acquisition date of the 2010 image was June 2010 and the 2015 image was acquired in July 2015, 

then the source of the samples should be as follows: 1) Forest in or after June 2010; and 2) Non-forest in or before 

July 2015. This is to make sure that when the radar image was acquired in June 2010, the sample was still forest in 

June 2010 and onwards, and when the second radar image was acquired in July 2015, the sample should have been 

deforested or changed to non-forest in or before July 2015. This analysis is vital in detecting change from forest to 

non-forest as presented in the following example showing discrepancies in the sample and the radar imagery.  

A sample selected before June 2010 may still be forest but by the time that the 2010 radar image was acquired, was 

already deforested. This should now be a sample showing Non-Forest in 2010 to Non-Forest in 2015. There might 

also be a discrepancy if a sample was selected after July 2015 as Non-Forest and when the radar image was acquired 

before July 2015, the area was still forest. Then this sample should be showing Forest in 2010 and Forest in 2015.  

Only Davao Oriental had sufficient satellite imageries and aerial photographs from Google Earth that matched the 

acquisition dates of the radar imageries in both 2010 and 2015. Because of this, deforestation sample collection and 

analysis were only carried out for Davao Oriental. 

After a Deforestation sample was identified from Google Earth, it was compared to the HV-DCI image. A sample 

was at least 1 PALSAR pixel and the largest was 21 pixels. 

For the samples of the stable forests, the FRA data were used.  

2.4.2 Analysis for forest cover change classification 
For the direct classification of forest cover change for Davao Oriental, the samples that were analyzed were 

Deforestation and Stable Forests. Similar to the forest cover mapping procedure, the samples delineated for forest 

cover change detection underwent separability and zonal statistics analysis. For further details refer to Sections 2.3.1 

and 2.3.2.  

As mentioned in the previous section, although Davao Oriental had images in Google Earth that matched the 

acquisition dates of the radar imageries used in the analysis, they were still quite limited. It was difficult to find other 

samples that could improve the separability of the Deforestation class from the Stable Forest class, which achieved 

only 1.45 out of the highest possible score of 2.0. This fair separability of the two classes can also be seen in the 

boxplots of each band as shown in Figure 24 with only the HV-DCI having the smallest overlap in the boxplot 

values. 

In Reiche et al. (2015), the separability between Deforestation and Stable Forests based on the HV-DCI was really 

good, at 1.98, which could be attributed to their use of the raw dataset instead of the mosaic dataset. The 

explanation why the HV-DCI was most separable was that the HV backscatter for forest areas was sensitive to 

volume scattering. When deforestation occurs, volume scattering decreases, which leads to a drop in the HV 

backscatter. Therefore, when forest is present, the HV backscatter value is high and after deforestation, the HV 

backscatter value is low and the difference of those values is the “drop” in the backscatter. This “drop” is the 

threshold that has to be identified to separate Deforestation from Stable Forests. 
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Figure 24. Spectral separability of the Deforestation and Stable Forest classes 
Boxplots show the mean Digital Numbers values of the HH band, HV band, HH/HV ratio, HV/HH ratio, HH HV average, NL 

and NDI ratios 
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Like for the forest cover mapping, the zonal statistics results were also consolidated into a CSV file and put into an 

R code to automatically calculate and identify threshold values to separate the two classes (De Alban 2017). The 

threshold identified was, as expected from the boxplots, from the HV-DCI band and was also used in Reiche et al. 

(2015). Figure 25 shows the decision tree classification where all pixels with values greater than 2.0 dB were 

classified as deforestation and pixels with values less than 2.0 dB were classified as stable forests. The threshold 

identified in the study of Reiche et al. (2015) was 2.2 dB. The 2.2 dB threshold was also tested in the radar images of 

this study but seemed to “under-classify” deforestation. This decision tree classification was also used to classify the 

DCI images for Eastern Samar and Albay.  

Figure 25. Decision tree classification used to classify the DCI image of Davao Oriental 

2.5 Forest cover change classification, accuracy assessment and unbiased area estimation 
After the forest cover change classification using a decision tree classification, the following post-classification 

processes were applied: 

1. Mask out the radar effects in 2010 and 2015;  
2. Mask out deforestation which occurred outside the forest areas in 2010; and  
3. Combine the radar effects mask, the forest areas in 2010 and the deforestation from 2010 to 2015.  

This process was done in order to make sure that only deforestation within areas initially forested in 2010 were 

taken into consideration in the analysis. 

The same process of accuracy assessment and unbiased area estimation, as applied in the forest cover maps and 

discussed in Section 2.3.6, was applied in the forest cover change maps. If no deforestation samples were available, 

as in the case of Eastern Samar and Albay, accuracy assessment and unbiased area estimation was not done. 

Through this method, error-adjusted estimates of change or deforestation with uncertainties were achieved for 

Davao Oriental. Figure 26 illustrates the entire process of classification, accuracy assessment and the unbiased area 

estimation. 
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Figure 26. Flowchart of the forest cover change classification, accuracy assessment and unbiased area estimation 

The forest cover change maps had three classes: Stable Forest, Non-Forest and Deforestation. In order to determine 

the required total sample size for accuracy assessment, the following assumptions were made for all the change 

maps:  

1. There will be 1 error of omission of deforestation in Non-Forest and Stable Forest classes per 100 units; 
2. User’s accuracy for Deforestation will be 80%; and 
3. The target standard error for the Deforestation estimate is 1% (at 95% CI).  

Table 11 shows the required sample size for each replication site and the actual number of samples that was 

available for accuracy assessment. The Forest and Non-Forest samples used to assess the accuracy of the forest 

cover maps were re-used as accuracy assessment samples of the forest cover change maps. This explains why the 

number of accuracy assessment samples for Forest and Non-Forest in Table 7 and Table 11 are the same. 
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A target of 50 samples was the aim for the Deforestation class for all sites but only Davao Oriental had Google 

Earth images that matched the dates of the radar images. The selection of Deforestation samples was explained in 

Section 2.4. In Section 2.4.2, it was mentioned that the limited image availability in Google Earth prevented the 

researcher to find more Deforestation samples to improve the separability of the Deforestation class from the Stable 

Forests. Because of this restriction, no additional samples could be found for accuracy assessment. Therefore, the 

training samples for the Deforestation class used to determine the thresholds were also used as accuracy assessment 

samples. The distribution of the accuracy assessment samples for the three replication sites is shown in Annex 1 

(Maps 1-3). 

Table 11. Sample size required and actual number of samples for accuracy assessment of the forest cover change maps 

 Albay Davao Oriental Eastern Samar 

Number of samples required 209 190 232 

 Actual number of samples for accuracy assessment 

Deforestation 0 50 0 

Stable Forest 50 61 77 

Non-Forest 131 136 206 

Total 231 253 343 

 

For the Stable Forest class, the training and accuracy assessment samples are as discussed as in Sections 2.2.2.2 and 

2.2.3.2. 

  





3. Results and discussion
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This section elaborates the classification results and respective accuracies, as well as how the unbiased area 

estimation improved the estimated areas of the Forest and Deforestation classes. 

3.1 Accuracy of the forest cover maps 
The decision tree classification yielded results that were close to reality if they were only assessed visually using GE 

images. To correctly assess the accuracies and errors of the classification results, accuracy assessment was applied. 

Because one of the final objectives of this research was to generate a Forest/Non-Forest map, the original classes 

(Forest, Non-Forest, Wetland, Settlement) were combined into 2 classes (Forest and Non-Forest).  

All measures of accuracies for Davao Oriental were observed to be much better than the two other study areas 

(Table 12). This indicates that the decision tree classifications for both ALOS-1 PALSAR-1 and ALOS-2 PALSAR-2 

worked better for the radar imageries of Davao Oriental than for the other two sites.  

The unbiased area estimation procedure also calculated unbiased overall accuracies and producer’s accuracies for all 

classes. Table 12 shows the original measures of accuracies followed by the unbiased measures of accuracies. The 

user’s accuracy did not change after unbiased area estimation. 

For Albay, only the classification for 2007 was not able to reach at least 90% for the unbiased overall accuracy. For 

the same year, the unbiased producer’s accuracy of the forest class was much lower, at only 60%, than for the years 

2010 and 2015 at more than 95%. This may be due to the observed “diagonal lines” which were present in the 

ALOS PALSAR 25-meter mosaic image of Albay for 2007. Although the unbiased producer’s accuracies of the 

forest class for 2010 and 2015 were higher than 95%, the user’s accuracies were low at around 75%. A low user’s 

accuracy means that the forest class has been “over-mapped” because a high error of commission was achieved 

(Rossiter 2014). The Non-Forest classes of Albay performed better such that both producer’s and user’s accuracies 

are around 90% or higher. In the case of the results for 2010 and 2015, the very high user’s accuracies of more than 

98% and unbiased producer’s accuracies of only 90% indicates that the Non-Forest class has been a little bit under-

classified. 

For the results of Eastern Samar, it was observed that the overall accuracies decreased by 2-4% after unbiased area 

estimation was applied. Even if the unbiased overall accuracies decreased, the unbiased producer’s accuracies of the 

Forest class further increased (>98%). The decrease in the overall accuracy could be because the unbiased 

producer’s accuracies of the Non-Forest class drastically decreased to around 50-60%. This clearly indicates that for 

Eastern Samar, the Forest class was over-mapped in compensation of areas that should be Non-Forest. This was 

also supported by the average User’s Accuracies (80-85%) of the Forest class and very high User’s Accuracies 

(>96%) of the Non-Forest class.  

The 2015 classification for Eastern Samar was least accurate in terms of unbiased overall accuracy at only 82%, 

compared to the 2015 classification of Albay at 92% and Davao Oriental at 95%. Only Davao Oriental achieved 

producer’s and user’s accuracies for both Forest and Non-Forest classes of at least 89%. This indicates that the 

decision tree classifier identified for the ALOS-2 PALSAR-2 images have to be improved for Albay and Eastern 

Samar. The complete error/confusion matrices and unbiased area estimation calculations are provided in Annex 2 

(Matrices 1–9). 

Table 13 shows the performance of different forest cover classification methods applied in various studies done in 

the Philippines using ALOS PALSAR data (Estomata 2014, Tumaneng et al. 2015, De Alban et al. 2015, Monzon et 

al. 2015). It is evident that the method applied in this study was able to achieve slightly better results having 

producer’s accuracies of all sites for Forest of at least 96%, Non-Forest classes at 81 % and overall accuracy of at 

least 86%. Although the 2010 results for both Southern Leyte (mosaic data) and Palawan gave better results than for 

Albay and Eastern Samar, the other cases were not able to achieve at least 81% for the producer’s accuracies of their 

Non-Forest classes, even if their overall accuracies are greater than 86%, as achieved in this study. Therefore, the 

methodology applied in this work may actually slightly improve the results of the analysis. The last two columns 

illustrate how the level 1.1 data of ALOS PALSAR can perform if more classes are desired to be identified (Monzon 

et al. 2015).
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Table 12. Measures of accuracies of study areas for each year 

Study 

Area 
Year 

Classification Map  Forest Class  Non- Forest Class 

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

Accuracy 

(%) 

 Producer’s Accuracy (%) User’s 

Accuracy 

(%) 

Original 

[A] 

Unbiased 

[B] 

Difference 

[B-A] 

 Original 

[C] 

Unbiased 

[D] 

Difference 

[D-C] 

 Original 

[E] 

Unbiased 

[F] 

Difference 

[F-E] 

Albay 2007 86.37 87.43 1.06  70.66 60.74 -9.92 78.67  92.31 95.20 2.89 89.28 

2010 89.98 91.09 1.11  98.20 97.88 -0.32 74.21  86.88 88.86 1.98 99.22 

2015 90.97 92.29 1.32  96.41 95.42 -0.99 77.03  88.91 91.33 2.42 98.50 

Eastern 

Samar 

2007  89.97 87.80 -2.17  96.65 98.83 2.18 85.76  82.95 62.73 -20.22 95.95 

2010 89.74 86.83 -2.91  98.02 99.34 1.32 84.41  81.07 58.64 -22.43 97.51 

2015 86.35 82.71 -3.64  98.94 99.62 0.68 79.43  73.19 49.90 -23.29 98.50 

Davao 

Oriental 

2007  95.04 95.17 0.13  96.75 96.57 -0.18 93.88  93.27 93.80 0.53 96.52 

2010 93.83 93.93 0.10  98.95 98.90 -0.05 89.93  88.53 88.98 0.45 98.79 

2015 95.19 95.35 0.16  96.08 95.77 -0.31 94.82  94.26 94.95 0.69 95.88 
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Table 13. Accuracy measures of forest cover classifications from various studies in the Philippines 

 Albay Davao 

Oriental 

Eastern Samar Southern Leyte Sibuyan Palawan Southern Leyte 

Dataset used ALOS PALSAR 25-meter Mosaic Data FBD a PLR b 

Classification method Decision Tree Neural Network Support Vector Machine (SVM) Wishart SVM 

2007 Overall Accuracy (%)  95.04 89.97 83.96 90.70 87.28   

PA c Forest 

        Non-Forest 

        Coconut Palm 

 96.75 

93.27 

96.65 

82.95 

91.83 

87.17 

72.71 

99.54 

67.07 

96.77 

76.79 

  

2010 Overall Accuracy (%) 86.37 93.83 89.74 89.45 89.33 91.60 70.0 86.0 

PA c Forest 

        Non-Forest 

        Coconut Palm 

        Built-up 

        Agriculture 

        Grassland 

        Water 

98.20 

86.88 

98.95 

88.53 

 

98.02 

81.07 

90.98 

89.32 

88.04 

94.95 

74.39  

96.83 

85.71 

61.0 

 

62.7 

85.3 

82.6 

40.0 

86.1 

84.3 

 

79.1 

95.8 

82.5 

76.8 

98.9 
a ALOS PALSAR Level 1.1 Fine Beam Dual Mode (HH & HV) 
b ALOS PALSAR Level 1.1 Polarimetric mode (HH, HV, VH, VV) 
c Producer’s Accuracy 
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3.2 Forest cover map results 
The decision tree classification produced Forest and Non-Forest cover maps for each study site for the years 2007, 

2010 and 2015. The computed forest areas (the second column of Table 14) were based on the Forest and Non-

Forest cover maps. The third column of Table 14 shows the “Unbiased Forest Areas” with a 95% CI in percent, 

which were computed using the unbiased area estimation method mentioned in Section 2.3.6.  

The general observation in both Albay and Eastern Samar, after the unbiased area estimation method was applied, 

was that the decision tree classification overestimated forest areas. This is clearly illustrated in the last column of 

Table 14, where the difference of the computed forest area compared to the unbiased forest area is larger than 10%. 

While for Davao Oriental, the forest area before and after unbiased area estimation is less than 5%. 

Table 14. Results for municipalities of the three study sites 

Study Area Year Computed Forest 

Area (ha) [A] 

Unbiased Forest Area (ha) [B] 

± 95% CI 

Difference (%)  

[(A-B)/B] 

Albay 2007  8,608 11,149 ± 12% 23 

2010  16,076 12,188 ± 8% 32 

2015  14,326 11,565 ± 8% 24 

Eastern 

Samar 

2007  63,696 55,271 ± 2% 15 

2010  64,898 55,149 ± 2% 18 

2015  65,869 52,522 ± 2% 25 

Davao 

Oriental 

2007  64,243 64,808 ± 1% 0.87 

2010  69,020 66,516 ± 1% 4 

2015 62,587 64,840 ± 2% 3 

 

It is clear that with the implementation of an unbiased area estimation, estimates improved in the case of Albay, 

which initially had a very low forest cover in 2007 of 8,608 ha then it doubled in 2010 and decreased slightly in 2015. 

The unbiased estimates gave measurements that were more realistic, starting with around 11,150 ha in 2007, a slight 

increase to 12,200 ha in 2010 and then a slight decrease to 11,600 ha in 2015.  

The initial estimates for Eastern Samar was increasing forest cover from 63,700 ha to 65,870 ha but through 

unbiased area estimation, a consistent decrease in forest cover was observed instead. The estimates started from 

55,300 to 52,500 ha with a 2% uncertainty for each estimate.  

For Davao Oriental, the unbiased forest area estimates start from 64,800 ha in 2007, an increase of 1,700 ha in 2010, 

then a decrease of around 1,700 ha again in 2015.  

The forest cover maps of the three sites are provided in Annex 1 (Maps 4-12). 

3.3 Accuracy of the change map of Davao Oriental 
Table 15 shows the measures of accuracies of the forest cover change analysis for Davao Oriental. Both the original 

and unbiased accuracy measures are shown and it is clear that the deforestation class needs to be improved. This is 

also seen in the uncertainties computed for the estimate of deforestation, which is 11.28%, as compared to the 

forest cover maps, which had less than 10% uncertainties (except for the analysis of the Albay image of 2007). The 

complete confusion/error matrix for the forest cover change map of Davao Oriental, as well as the unbiased area 

estimation calculation, can be found at the end of Annex 2. 

Similar to the forest cover mapping efforts in the Philippines (Section 3.1), there are also works focusing on forest 

cover change detection using ALOS PALSAR data between years 2007 and 2010 (Estomata 2014, Tumaneng et al. 

2015, De Alban et al. 2015). Most of these existing works applied post-classification change detection but were not 

able to apply accuracy assessment due to limitation of available historical datasets that could show actual changes 

from Forest to Non-Forest from years 2007 to 2010. Methods how to assess the accuracy of these post-classified 

change detection maps are mentioned in MGD version 2 (GFOI 2016). 
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Table 15. Measures of accuracy of the forest cover change analysis of Davao Oriental 

Change 

Map 

2010-2015 

Original Accuracy Measures 

(%) 

 Unbiased Accuracy Measures 

(%) 

 Difference 

(%) 

OAa  

[A] 

PA b  

[B] 

UA c   OAa  

[C] 

PA b  

[D] 

UA c   OAa  

[C-A] 

PA b  

[D-B] 

Non-Forest 

88.58 

88.49  96.54   

91.12 

94.23  96.54   

2.54 

5.74 

Stable Forest 91.50  92.15   91.93  92.15   0.43 

Deforestation 63.76  44.65   55.33  44.65   -8.43 
a Overall accuracy 
b Producer’s accuracy 
c User’s accuracy 

3.4 Forest cover change map results 
As mentioned in Section 2.5, a decision tree classification was used to apply a direct classification on change for all 

three sites. The results of the classification gave the total number of pixels that were classified as Deforestation and 

Equation 8 was used to get the area in hectares. This computed Deforestation is actually the gross deforestation 

(column 4 of Table 16) because in the analysis, reforestation, afforestation or any conversion of Non-Forest areas to 

Forest areas were not considered. Table 16 also shows that only Davao Oriental has an unbiased gross deforestation 

estimate based on the unbiased area estimation procedure, because only for Davao Oriental were accuracy 

assessment samples available. Maps 13-15 of Annex 1 show the forest cover change maps for Albay, Eastern Samar 

and Davao Oriental, respectively. 

Table 16. Gross deforestation analysis results based on direct classification 

Study Area 

(2010–2015) 

Gross Deforestation 

(ha) 

Original 

[A] 

Unbiased Estimate 

[B] ± 95% CI 

Difference  

[A-B] 

Difference 

[(A-B)/B] (%) 

Albay 3,350 –   

Eastern Samar 5,650 –   

Davao Oriental 7,994 6,451 ± 769 (12%) 1,543 24 

 

As discussed in version 1 of the MGD (GFOI 2013), change cannot be directly estimated for post-classification 

change analysis, where change is estimated from two land cover maps. Instead the extent of the cover of interest can 

be estimated for each date and the change is the difference between the estimates of the two dates as was done in 

order to achieve the figures in Table 17. This procedure also requires further accuracy assessment analysis, as 

mentioned in MGD version 2 (GFOI 2016), which was not done in this study because direct change analysis was 

instead the focus of this work. Therefore, the results of Table 17 will need to undergo a separate accuracy 

assessment to take into account errors of the post-classification change analysis. 

The net deforestation, based on the forest cover maps, is listed in column 2 of Table 17 and the adjusted estimates 

after unbiased area estimation was applied to the forest cover maps are shown in column 3. The uncertainties in the 

table were the sum of the uncertainties of the estimates of each year and may vary if the techniques presented in 

McRoberts (2014), also referred to in MGD version 2 (GFOI 2016), are applied. These estimates are net 

deforestation considering both changes from Forest to Non-Forest and Non-Forest to Forest areas. 
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Table 17. Net deforestation results based on unbiased area estimates of the forest cover maps 

Study Area (2010–2015) Net Deforestation (ha) Adjusted Net Deforestation (ha) ± Uncertainty (%) 

Albay 1,750 623 ± 16% a 

Eastern Samar -971 2,626 ± 5% a 

Davao Oriental 6,433 1,677 ± 3% a 
a Estimates and uncertainties may vary if techniques from McRoberts (2014) are applied. 

Note that the net deforestation is expected to be smaller than the gross deforestation because changes to Forest 

have been accounted for in the net deforestation, while in gross deforestation, changes to Forest have not been 

mapped and analyzed. 
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4. Conclusion and recomme ndations  

Based on the forest cover map using the decision tree classification, it appears that the thresholds generated by the 

analysis were most effective in classifying the radar images of Davao Oriental and require improvement for Eastern 

Samar and Albay. Although, this limitation of the decision tree classifier is compensated by the additional procedure 

of unbiased area estimation, which then gives estimates of forest areas with uncertainties at 95% CI of below 10% 

(except for the 2007 Albay classification). 

The difference between the standard area calculations for forest areas and the unbiased area estimation ranged from 

less than a percent to 32% of the unbiased forest area estimate. Again, this supports the statement in the previous 

paragraph that the decision tree classification that was used for the analysis could not simply be applied for all three 

sites but rather additional work would be needed in order to make the classification appropriate for the other two 

sites that had greater difference in the area estimates of forest. 

In terms of the accuracy measures, the difference between the unbiased and the standard accuracy assessment 

measurements reached up to 23% for the non-forest class, 2% for the forest class (excluding 2007 Albay) and 3.64% 

for the overall accuracy. This again supports the observation in the previous paragraphs, that in some cases the 

decision tree classification may not yield accurate results for all study sites, such as in the case of Eastern Samar 

where there is overestimation for the Non-Forest class for all radar images (2007, 2010 and 2015). 

For the three REDD+ sites, from 2010-2015, the total gross deforestation accounted for by the analysis was 15,451 

ha, with only Davao Oriental having an error-adjusted estimate for forest loss, while the net deforestation was 

calculated at 4,926 ha using the unbiased area estimates of forest cover for 2010 and 2015 for each site. 

For the decision tree classification for the change map, the results show that the classification thresholds should be 

further improved as well. Access to higher resolution data may be helpful in order to identify more samples of 

where Deforestation have occurred that are matching the acquisition dates of the radar images used (McRoberts 

2014). This may entail additional costs if the Philippines will upscale the methodology to the country level but 

sampling techniques to determine the minimum number of high resolution data required could assist in lowering 

operational costs. Again, through the unbiased area estimation, a corrected estimate of Deforestation with 

uncertainties was achieved for Davao Oriental. Accuracy assessment samples will be needed in order to achieve the 

same for the gross deforestation estimates for Eastern Samar and Albay. 

In conclusion, although the methodology and the procedure established in this study can still be streamlined and 

further automated, it can easily be replicated in other sites. And since the dataset used in this methodology is 

available for the entire Philippines, a country level analysis can be achieved given that more work would be carried 

out to obtain better thresholds for both decision trees of forest cover and forest cover change mapping. 
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5. Background on institutional integration  

The Forest Geospatial Data and Infrastructure Section (FGDIS) of the Forest Management Bureau aims to provide 

technical guidance for policy formulation and program planning through database management and analysis of 

geospatial data of all forestry related projects and activities. For this, capacity development, especially in the fields of 

GIS and RS, is very important. Staff involved in this kind of work must have the proper GIS background and 

training in order to produce quality products and maps.  

The GIZ REDD+ Project carried out a training needs assessment in 2014 to determine appropriate trainings for 

FGDIS staff. Programming skills were also assessed as this is useful for automating repetitive RS and GIS processes. 

Based on these, a number of capacity development activities were carried out and facilitated which included lectures, 

hands-on laboratory activities, provision of training materials, training courses, an RS manual and science team 

meetings of the Japan Aerospace Exploration Agency (JAXA).  

With FGDIS staff well capacitated in RS, FMB could develop its own maps using remote sensing data without 

having to rely on products developed by other agencies such as the land cover maps of NAMRIA and outdated 

maps showing rivers and watersheds, which FGDIS digitizes manually to extract information. FGDIS staff could 

produce accurate and up-to-date maps showing rivers and watersheds using freely available radar data. This is an 

essential prerequisite for policy and planning decision-making. 

Since the start of the capacity development program several FGDIS staff were re-assigned to other sections and/or 

DENR Offices or resigned. A decision whether or not FMB will use RS data for their NFMS must be made by 

FMB to ensure that FDGIS can provide up-to-date and accurate spatial information for the needs of FMB. If 

FGDIS will use RS data, then FMB must provide the institutional set-up and incentives to ensure continuity of 

input from capacitated staff. 
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Annex 1 

This annex contains all maps generated in this research.  

Map 1. Accuracy assessment samples of the REDD+ replication site in Albay 

Date of Printing: 24 March 2017 
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Map 2. Accuracy assessment samples of the REDD+ replication site in Davao Oriental 

  

Date of Printing: 24 March 2017 
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Map 3. Accuracy assessment samples of the REDD+ replication site in Eastern Samar 

  

Date of Printing: 24 March 2017 
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Map 4. 2007 forest cover of REDD+ replication site in Albay 

  

Date of Printing: 24 March 2017 
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Map 5. 2010 forest cover of REDD+ replication site in Albay 

  

Date of Printing: 24 March 2017 
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Map 6. 2015 forest cover of REDD+ replication site in Albay 

  

Date of Printing: 24 March 2017 
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Map 7. 2007 forest cover of REDD+ replication site in Eastern Samar 

  

Date of Printing: 24 March 2017 



60 
 

Map 8. 2010 forest cover of REDD+ replication site in Eastern Samar 

  

Date of Printing: 24 March 2017 
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Map 9. 2015 forest cover of REDD+ replication site in Eastern Samar 

  

Date of Printing: 24 March 2017 
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Map 10. 2007 forest cover of REDD+ replication site in Davao Oriental 

  

Date of Printing: 24 March 2017 
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Map 11. 2010 forest cover of REDD+ replication site in Davao Oriental 

  

Date of Printing: 24 March 2017 
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Map 12. 2015 forest cover of REDD+ replication site in Davao Oriental 

  

Date of Printing: 24 March 2017 
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Map 13. Forest cover change from 2010 to 2015 of the REDD+ replication site in Albay 

  

Date of Printing: 24 March 2017 
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Map 14. Forest cover change from 2010 to 2015 of the REDD+ replication site in Eastern Samar 

  

Date of Printing: 24 March 2017 
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Map 15. Forest cover change from 2010 to 2015 of the REDD+ replication site in Davao Oriental 

  

Date of Printing: 24 March 2017 
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Annex 2 

This annex contains all the complete confusion/error matrices of the accuracy assessment analysis and the 

calculation of unbiased area estimates. 

Matrix 1. Accuracy assessment and unbiased area estimation for Albay Forest Cover 2007 

 

Matrix 2. Accuracy assessment and unbiased area estimation for Albay Forest Cover 2010 

  



69 
 

Matrix 3. Accuracy assessment and unbiased area estimation for Albay Forest Cover 2015 

 

Matrix 4. Accuracy assessment and unbiased area estimation for Eastern Samar Forest Cover 2007 
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Matrix 5. Accuracy assessment and unbiased area estimation for Eastern Samar Forest Cover 2010 

 

Matrix 6. Accuracy assessment and unbiased area estimation for Eastern Samar Forest Cover 2015 
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Matrix 7. Accuracy assessment and unbiased area estimation for Davao Oriental forest cover 2007 

 

Matrix 8. Accuracy assessment and unbiased area estimation for Davao Oriental forest cover 2010 
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Matrix 9. Accuracy assessment and unbiased area estimation for Davao Oriental forest cover 2015 

 

Matrix 10. Accuracy assessment and unbiased area estimation for Davao Oriental forest cover change map 2010-2015 
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