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Executive summary 
The purpose of this study was to assess the avoided deforestation and resulting reduction of forest carbon emission 

during both phases of the Forest and Climate Protection Project in Panay (ForClim I and II) from 2011 to 2017. 

For this, the forest cover changes in the Panay Mountain Range (PMR) before 2010 (start of ForClim I), from 2010 

to 2014 (ForClim I) and from 2014 to 2017 (ForClim II) were considered. To assess the deforestation rate before 

the start of the project, the land cover maps published by the National Mapping and Resource Information 

Authority (NAMRIA) in 2003 and 2010 were used as baseline. These maps have not been updated since then and 

no official land cover figures are available for the years after 2010. The project team therefore used Google Earth 

satellite images to assess the forest cover changes from 2010 until 2014 and 2017.  

According to the NAMRIA maps the forest cover in the PMR declined by 3,450 ha or 3.8% annually from 2003 to 

2010. Based on the Google Earth satellite images, the deforestation rate from 2010 to 2014 (ForClim I) was reduced 

to 600 ha annually or 0.55%. This rate was even further reduced from 2014 to 2017 (ForClim II) to 500 ha or 0.46% 

per year. When looking at ForClim II only, the avoided deforestation is 100 ha per year or 350 ha during the 3.5 

years of ForClim II. 

The avoided CO2 emission can be calculated by multiplying the avoided deforestation of 350 ha with the average 

CO2 fixation of 713.88 t per ha as measured during the forest resource assessment in the PMR in 2015. For the 3.5 

years of ForClim II, since its start in July 2014 until December 2017, this gives a reduced emission of 249,858 t of 

CO2. 

Through 1,143 ha of assisted natural regeneration/enrichment planting and 1,149 ha agroforestry plantations under 

ForClim II, a total of 12,380 t of CO2 is fixed annually. Project planting started in 2016, and the plantations had an 

average age of 1.5 years at the end of 2017. Calculated for 1.5 years, the additional carbon sequestration until the end 

of ForClim II amounts to 18,570 t of CO2. The total avoided CO2 emission and the sequestered CO2 during the 

duration of ForClim II is 268,428 tons. 

The corresponding results for ForClim I are based on area figures from Hansen et al. (2013) and average forest 

biomass levels in comparable areas collected during the BMUB IKI-funded Climate-relevant Modernization of 

Forest Policy and Piloting of REDD Measures in the Philippines Project. From 2000 until the start of ForClim I in 

2010, the annual deforestation rate in the 18 partner municipalities was 296 ha and dropped to 260 ha from 2010 to 

2013. This reduced deforestation area of 36 ha per year corresponds to an annual reduction in CO2 emissions, or 

avoided emissions, of 16,800 t. The CO2 fixation through 1,059 ha of reforested areas and stand improvement and 

889 ha of agroforestry is 11,650 t per year. 

The total amount of avoided and fixed CO2 emissions in the Panay Mountain Range for ForClim I and ForClim II 

for a period of 7.5 years is 453,353 tons. 
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1.  Introduction 

According to the ForClim II Outcome Indicator No. 1 the forest area in the Panay Mountain Range (PMR) shall not 

decrease by more than 0.6% annually from 2010 to 2017 and 0.5% annually from 2014 to 2017. The purpose of this 

study was to verify the achievement of this indicator as of October 2017. The study included all 27 Local 

Government Units (LGUs) adjacent to the PMR (Figure 1), in order to obtain a complete picture. In addition to the 

23 municipalities supported by ForClim I and/or II, four LGUs were included which did not join the ForClim 

project.  

The National Mapping and Resource Information Authority (NAMRIA) land cover maps published in 2003 and 

2010 (NAMRIA 2003, 2010) were used as baseline for the forest cover monitoring (situation before project). Since 

the NAMRIA forest cover maps have not been updated since then, no detailed land cover figures are available for 

the years after 2010 and the forest areas from 2010 are still used in the official statistics (DENR/FMB 2017). The 

project team therefore used Google Earth satellite images to assess the forest cover changes. One analysis was 

carried out based on the most recent Google Earth images from 2015, the control analysis was conducted in 2017.  

This study compares forest areas published in 2003 and 2010 by NAMRIA for the calculation of the pre-project 

deforestation baseline. The overall impact of ForClim I and II was then assessed by comparing the baseline with 

area changes between 2010 and 2017, and for ForClim II by comparing the changes between 2010 and 2015 with 

the difference between 2015 and 2017. The area changes were derived from an analysis of Google Earth images. For 

comparison, the forest cover change in the whole Panay Island was calculated, including areas outside the PMR. The 

approach and results are outlined in the following chapters. 
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Figure 1. LGUs adjacent to the Panay Mountain Range and supported by the ForClim Project  
Map prepared by M. Estomata 
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2.  Monitoring of forest cover in Pana y 

2.1 Comparison of NAMRIA land cover maps 2003 and 2010 
NAMRIA has prepared two land cover maps based on satellite images, one published in 2003 and one in 2010. 

These maps were used to calculate the deforestation rate before 2010. Since ForClim I started in August 2010 this 

comparison can be used as pre-project situation. In 2003, the satellite image interpretation of NAMRIA showed a 

forest area of 211,293 ha for the entire Panay Island. According to the NAMRIA land cover map from 2010 this 

area had been reduced to 137,452 ha or a reduction in forest cover of 73,841 ha. This is equivalent to a forest loss of 

10,549 ha per year or to 5% annually between 2003 and 2010 for the whole island (Table 1 and Figure 2).  

Table 1. Forest cover change in Panay from 2003 to 2010 

Provinces 2003 NAMRIA  
(ha) 

2010 NAMRIA  
(ha) 

Forest loss per year 

(ha) 

Forest loss 

% 

Aklan 64,509 36,398 4,016 6.2 

Antique 80,272 52,395 3,982 5.0 

Capiz 24,637 22,992 235 1.0 

Iloilo 41,875 25,667 2,315 5.5 

   Panay 211,293 137,452 10,549 5.0 

 

Figure 2. Forest Cover Change in the four Provinces of Panay from 2003 to 2010 

NAMRIA provides forest areas for 2003 for provinces but not for municipalities. Thus, during ForClim I, an 

analysis was carried out for 18 partner LGUs in the PMR. The forest area declined from 114,860 ha in 2003 to 

90,726 ha in 2010, which is equal to a forest loss of 3,448 ha or 3.8% annually. 
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2.2 Forest cover monitoring 2010 to 2017 using Google Earth images 
2.2.1 Approach 
The most recent land cover map available is from NAMRIA 2010. No updated official forest area figures are 

available for Panay after 2010. The ForClim TA team therefore compared the forest cover of the NAMRIA map 

from 2010 with more recent Google Earth images.  

Google Earth is a perfect tool for low cost forest area monitoring. The images are freely available, are constantly 

updated and the spatial resolution of recent images is in the range of 1 to 2 m.  

Dot grid estimates is a well-known and established statistical method for area assessment. The approach and error 

calculation for dot grid estimates, depending on the area shape, is described in detail by Zöhrer (1978); see also 

Annex 1. For this study, the most complex and dissected area shape has been chosen (parameter 4). The standard 

error of dot grid counts depends on the number of dots. For samples of 50 dots (1 km × 1 km grid equal to 5,000 

ha), the error margin is in the range of 5.4%, for 100 dots (10,000 ha) around 3.2%, for 500 dots (50,000 ha) around 

1% and for 1,000 dots (100,000 ha) around 0.56% (Annex 1). Therefore, the forest area of the PMR (109,200 ha) 

was calculated with a standard error of around 0.5%. 

A dot grid interpretation has several advantages compared to classifying and mapping the whole area:  

 It is much easier, faster and more exact to determine the land use at specified points than to delineate, map and 
measure forest strata;  

 The interpreter can spend much time and effort on the analysis of specific points than on the interpretation of the 
whole area and can zoom in on details (Figure 3); 

 By transferring identical coordinates from the NAMRIA map to Google Earth it is possible to assess forest 
changes of individual points and directly compile statistics; and 

 The precision of dot grid estimates can be statistically estimated (Annex 1), the accuracy of an area delineation not. 

The NAMRIA land cover map from 2010 was used as baseline for the pre-project situation, while the Google Earth 

images from 2017 show the situation towards the end of the project. For the comparison, a 1 km × 1 km grid (100 

ha) was placed on both the NAMRIA map and the Google Earth images. Each grid (center) point represents 100 ha 

(Figure 3).  

Google Earth is constantly updating its satellite cover. Most parts of Panay have already been covered with recent 

high-resolution images. Some parts in the Panay Mountain Range (frequent cloud cover) have not been updated and 

the images are a few years old. Since forest cover changes in the middle of a mountain range are very rare, it has 

been assumed that there was no deforestation for these few points.  

All coordinate points falling on closed and open forest on the NAMRIA land cover map from 2010 were 

transferred to Google Earth images and visually interpreted on the monitor. Each of the 1,380 dots classified as 

forest on the NAMRIA map from 2010 was re-evaluated and classified as either closed forest, open forest, 

mangrove or non-forest. The high-resolution images allowed a very detailed and accurate interpretation (see large-

scale screenshots in Figure 4). 
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Figure 3. Dot grid 1 km x 1 km on NAMRIA land cover map 2010 
Map prepared by M. Estomata  
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Figure 4. Dot grid center points transferred to Google Earth images with close ups of examples of (a) deforestation, (b) open 
forest and (c) closed forest 

2.2.2 Forest cover change after 2010 in Panay 
For comparison, both the forest cover change for the whole of Panay and the PMR was assessed. A total of 1,380 

UTM coordinate points in the center of 1 km x 1 km grids in Panay were classified as forest on the NAMRIA land 

cover map 2010. This corresponds to a total forest area of 138,000 ha in 2010. Out of this, 51,600 ha were closed 

forest, 81,800 ha open forest and 4,600 ha mangroves. 109,200 ha or 79.1% of the total forest cover of Panay was 

located in the PMR. 

The same UTM coordinate points were re-interpreted using Google Earth images compiled in 2017. From the total 

of 1,380 grid points, 1,235 points were still classified as forest, equal to a total forest area in Panay of 123,500 ha in 

2015. This is a reduction of 14,500 ha in seven years, corresponding to an annual forest loss of 2,071 ha or 1.5% per 

year in Panay since 2010 (Table 2). This forest cover change is illustrated in Figure 5. For the purpose of this study 

only coordinate grid points were re-interpreted which were forest in 2010. No 2010 non-forest points were checked 

whether they have been reforested since then. Therefore, the forest figures in Table 2 are net of any successful 

reforestation between 2010 and 2017. 
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Table 2. Forest cover change in Panay from 2010 to 2017 

Provinces 2010 NAMRIA (ha)  2017 NAMRIA (ha)  Forest loss 

 

Closed Open Mangrove Total  Closed Open Mangrove Total  2010-

2017 

(ha) 

per 

year 

(ha) 

in % 

Aklan 12,200 20,600 1,100 33,900  16,600 15,300 700 32,600  1,300 186 0.5 

Antique 21,300 30,100 600 52,000  22,000 26,800 400 49,200  2,800 400 0.8 

Capiz 15,200 8,000 1,500 24,700  10,200 12,000 1,400 23,600  1,100 157 0.6 

Iloilo 2,900 23,100 1,400 27,400  6,300 11,300 500 18,100  9,300 1,329 4.8 

Panay 51,600 81,800 4,600 138,000  55,100 65,400 3,000 123,500  14,500 2,071 1.5 

 

Figure 5. Forest cover change in the four provinces of Panay from 2010 to 2017 

2.2.3 Forest cover change in the PMR from 2010 to 2017 
According to Outcome Indicator 1, the forest cover within the PMR shall not decline by more than 0.6% annually 

from 2010 to 2017 (ForClim I and II) and not more than 0.5 % annually from 2014 to 2017 (ForClim II).  

The PMR is covered by a total of 27 municipalities (Figure 1). Out of these, 23 have been supported by ForClim I 

and/or ForClim II. Since the indicator refers to the total PMR this study includes all 27 LGUs surrounding the 

PMR. 

The NAMRIA map does not show municipal boundaries, only provincial boundaries. The municipal boundaries 

used by the Department of Environment and Natural Resources (DENR) were not available in digital form. 

Therefore, for the allocation of coordinate grid points to municipalities, the political boundaries were derived from 

the Global Administrative Data (GADM) site (www.gadm.org). However, the boundaries from these three sources 

do not always match. In addition, almost half of the LGUs have boundary disputes. This makes it difficult to 

present area figures for individual municipalities. The provincial boundaries are less affected by these discrepancies 

and boundary conflicts. The forest area monitoring was therefore carried out at a province level. Table 3 shows the 

forest cover in 2010 and 2017 in the PMR by province. 
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Table 3. Forest cover change in the PMR from 2010 to 2017 

Provinces 

PMR Forest Cover  

2010 NAMRIA (ha) 
 

PMR Forest Cover  

2017 Google Earth (ha) 
 Forest loss 

 

Closed Open Mangrove Total  Closed Open Mangrove Total  2010-2017 

(ha) 

per year 

(ha) 

in % 

Aklan 12,300 15,300 300 27,900  16,400 10,600 300 27,300    600   86 0.31 

Antique 19,900 27,300 100 47,300  20,700 23,900     0 44,600  2,700 386 0.82 

Capiz 13,800   7,300     0 21,100  10,100 10,600     0 20,700    400   57 0.27 

Iloilo   1,400 11,500     0 12,900    6,200  6,400     0 12,600    300   43 0.33 

PMR 47,400 61,400 400 109,200  53,400 51,500 300 105,200  4,000 571 0.52 

 

As illustrated in Table 3, in the Panay Mountain Range the forest area declined from 109,200 ha in 2010 by 4,000 ha 

to 105,200 ha in 2017. This corresponds to a deforestation rate of 571 ha per year or 0.52%. Compared to the 

deforestation rate for the whole of Panay (1.5 %) this is much lower and achieves the overall ForClim outcome 

indicator of less than 0.6 % forest loss annually between 2010 and 2017. In fact, the forest loss may be even lower, 

since new forest plantations have not been considered. Figure 6 illustrates forest loss for the four provinces of the 

PMR from 2010 to 2017. 

Figure 6. Forest cover change in the PMR from 2010 to 2017, distinguished for 4 provinces 

The forest types closed forest, open forest and mangroves were identified on both the NAMRIA land cover map 

from 2010 and the Google Earth images from 2017. The area of closed forest seems to have increased (Table 3), 

while the area of open forest decreased. The reason is that on the high-resolution Google Earth images many forest 

plots classified as open forest by NAMRIA in 2010 were re-assessed as closed forest on Google Earth images due to 

their very dense crown cover and no sign of human interference. As a result, there is more closed natural forest in 

Panay than classified in 2010. The conversion of forest land affected mainly open forest. Out of the 4,000 ha forest 

lost between 2010 and 2017, 800 ha or 20% were closed forest and 3,200 ha or 80% open forest. 

The main causes for deforestation observed in Panay between 2010 and 2017 were forest conversion into large-scale 

agriculture (mainly corn), forest clearing for subsistence agriculture, coconuts and rice paddies, grazing/forest fires 
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and conversion of mangroves into fishponds. In the PMR mainly grazing/forest fires and clearing for subsistence 

agriculture were the reasons for forest loss (Figure 10).  

2.2.4 Forest cover change in the PMR from 2014 to 2017 
In order to assess the forest cover change in the PMR after 2014, interpretation of Google Earth images from 2015 

and 2017 was carried out and compared with NAMRIA data from 2010. The results are shown in Table 4. Between 

2010 and 2015 the forest cover in the PMR declined from 109,200 ha by 3,000 ha to 106,200 ha. This corresponds 

to 600 ha or 0.55% annually. From 2015 to 2017 the forest area declined further by 1,000 ha to 105,200 ha. This is a 

deforestation of 500 ha or 0.46% annually, or 1.84% in four years. The indicator was 0.5% annually or 2% in four 

years, so it has been achieved. 

Table 4. Forest Cover Change in the PMR from 2010 to 2015 to 2017 

Provinces 2010 

NAMRIA 
(ha) 

2015 

Google 
Earth  
(ha) 

Annual 

forest loss 
2010-2015 

(ha) 

Annual 

forest loss 
2010-2015 

(%) 

2017 

Google 
Earth  
(ha) 

Annual 

forest loss 
2015-2017 

(ha) 

Annual 

forest loss 
2015-2017 

(%) 

Aklan 27,900 27,400 100 0.36 27,300 50 0.18 

Antique 47,300 45,300 400 0.85 44,600 350 0.74 

Capiz 21,100 20,800 60 0.28 20,700 50 0.24 

Iloilo 12,900 12,700 40 0.31 12,600 50 0.39 

PMR 109,200 106,200 600 0.55 105,200 500 0.46 
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3.  Monitoring of forest carbon 

Outcome Indicator 3 reads: At least 50,000 tons of greenhouse gas emissions (CO2 equivalent) have been 

additionally avoided resp. have been sequestered in the PMR by 2017 (baseline 05/2014; MoV: study on additional 

forest carbon in 2017).  

The additionally avoided and sequestered CO2 for a period of 3.5 years from mid-2014 until the end of 2017 was 

assessed. The additionally avoided carbon emission can be calculated by comparing the deforestation rate between 

2010 and 2015 with the reduced deforestation rate from 2015 to 2017 (Table 4). The sequestered carbon is directly 

linked to the enrichment planting and agroforestry measures in ForClim II.  

3.1 Avoided forest carbon emission in the Panay Mountain Range 
Avoided forest carbon emission is correlated with avoided deforestation and forest degradation through protection 

of forest which would otherwise be cleared or degraded.  

Avoided deforestation. The avoided deforestation in the PMR after 2015 can be derived from extrapolating the 

trend of deforestation from 2010 to 2015 till 2017 and the comparison of the extended trend with the real situation 

in 2017.  

The annual forest loss in the PMR between 2010 and 2015 was 600 ha (equivalent to 0.55%) and decreased to 500 

ha (0.46%) between 2015 and 2017 (Table 4 and Figure 7). This means an avoided deforestation rate of 100 ha per 

year. This adds up to a reduced deforestation of 350 ha during the 3.5 years of ForClim II.  

Figure 7. Avoided deforestation in the PMR after 2015 
The grey line shows the trend from 2010 to 2015 extrapolated to 2017; the green line shows the actual deforestation 
between 2015 and 2017 

In 2015 a forest resources assessment (FRA) was conducted in the PMR and the average biomass and carbon 

content was calculated (see Chapter 3.1.1). Based on the forest carbon values for closed and open forest the avoided 

carbon emission through reduced deforestation can be calculated (see Chapter 3.1.2). 

Forest degradation. A change of forest degradation can be quantified through re-measurement of permanent 

sample plots. The FRA field samples were located by GPS and permanently marked in the field. A re-measurement 

in five to ten years would allow to compare the volume and above-ground biomass for each sample plot and 

calculate the loss or gain. The re-measurement of permanent sample trees is a measurement process, no sampling. 

So, no sampling error occurs, but the measurement and data entry error during the 2015 FRA was ±17% of the 

above ground biomass and may be much higher than the biomass loss or gain in the short period of two years from 

2015 to 2017. A re-measurement of the sample plots is therefore only advisable after five to 10 years.  

Considering the difficulties of quantifying the change of forest degradation and the fact that only marginal changes 

in forest biomass will occur within 3.5 years, this study only considers the effect of reduced deforestation. The 
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avoided CO2 emission can be calculated using the reduced deforestation rate (Table 4 and Figure 7) and the average 

forest carbon content per ha as assessed in the 2015 FRA and presented in the next chapter. 

3.1.1 Forest Resources Assessment 2015 
A forest resources assessment was conducted from February until December 2015 in 38 municipalities adjacent to 

the Panay Mountain Range. The methodology and results are described by Lennertz and Schade (2017). The FRA 

aimed to provide information about the forest condition and carbon stocks for key forest strata of selected project 

sites: 

• Species abundance and diversity; 

• Stand density, basal area and merchantable volume; 

• Stand composition and structure; 

• Forest carbon stock estimates for key carbon pools, including living biomass (above- and below-ground), dead 
organic matter and soil organic matter. 

In the open and closed forests of the Panay Mountain Range, 86 sampling units (53 in open and 33 in closed forest) 

were located in the field, permanently marked and measured. The inventory sampled and identified 230 different 

species based on their scientific names (203 other species were only identified with their local names) with a 

diameter at breast height (DBH) or diameter above buttress (DAB) ≥ 5.0 cm. The total forest carbon stock in the 

PMR is estimated to be 10.4 million t C (average 220 t C/ha) in closed forests, 10.7 million t C/ha (175 t C/ha) in 

open forests, and 204,800 t C/ha (526 t C/ha) for mangroves in near-by coastal areas. The sample selection was 

based on the 2010 NAMRIA map (Lennertz and Schade 2017). 

Table 5 and Figure 8 illustrate the carbon stocks of closed forests. On average, the closed forests contain a living 

biomass of 328 t dry matter/ha and 24.8 t/ha of dead organic matter, composed of 18.2 t/ha of dead wood and 

6.6 t/ha of litter. The total forest biomass amounts to 352.8 t/ha. The average forest carbon content in closed 

forests was 219.6 t/ha. Out of this 163.3 t C/ha were stored in the biomass and 56.3 t C/ha in the soil organic 

matter. Extrapolated to the 47,400 ha of closed forests (based on the NAMRIA map 2010) in the PMR, the total 

forest carbon stock in closed forests amounts to 10.4 million t C. 
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Table 5. Carbon stocks of closed forests 

Carbon pool Biomass/ha by diameter class  Carbon/ha 

 5 cm - 40 cm 40 cm + Total  Total 

 [t dry matter/ha]  [t C/ha] [%] 

Living biomass       

 Above-ground biomass 120.15 119.25 239.40  112.52 51.2 

 Below-ground biomass 44.46 44.12 88.58  41.63 19.0 

Total living biomass 164.61 163.37 327.98  154.15 70.2 

Dead organic matter       

 Standing dead wood   12.50  4.62 2.1 

 Lying dead wood   5.74  2.12 1.0 

 Litter   6.62  2.45 1.1 

Total dead organic matter   24.85  9.20 4.2 

Soil organic matter     56.27 25.6 

Total   352.83  219.62 100.0 

 

Figure 8. Carbon stocks of closed forests (Lennertz and Schade 2017) 

As illustrated in Figure 8, in closed forests around 50% of carbon is stored in the above-ground living biomass, 20% 

in the below-ground living biomass, 4% in dead organic matter and 26% in soil organic matter. Around 70% of all 

living biomass is accumulated in trees, 0.3% in bamboo and tree ferns, the rest is stored in dead wood, litter and soil 

organic matter.  

Table 6 and Figure 9 illustrate the carbon stocks of open forests. On average, the open forests contain a living 

biomass of 241 t dry matter/ha and 25.5 t/ha of dead organic matter, composed of 19.0 t/ha of dead wood and 

6.5 t/ha of litter. The total forest biomass amounts to 266.9 t/ha. The average forest carbon content in closed 

forests was 175.1 t/ha. Out of this 122.9 t C/ha were stored in the biomass and 52.3 t C/ha in the soil organic 

matter. Extrapolated to the 61,400 ha of open forests (based on the NAMRIA map 2010) in the PMR, the total 

forest carbon stock in open forests amounts to 10.7 million t C. 
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Table 6. Carbon stocks of open forests 

Carbon pool Biomass/ha by diameter class  Carbon/ha 

 5 cm - 40 cm 40 cm + Total  Total 

 [t dry matter/ha]  [t C/ha] [%] 

Living biomass       

 Above-ground biomass 95.15 81.07 176.22  82.83 47.3 

 Below-ground biomass 35.21 30.00 65.20  30.65 17.5 

Total living biomass 130.36 111.07 241.43  113.47 64.8 

Dead organic matter       

 Standing dead wood   15.81  5.85 3.3 

 Lying dead wood   3.20  1.18 0.7 

 Litter   6.45  2.39 1.4 

Total dead organic matter   25.46  9.42 5.4 

Soil organic matter     52.25 29.8 

Total   266.89  175.14 100.0 

 

Figure 9. Carbon stocks of open forests (Lennertz and Schade 2017) 

As illustrated in Figure 9, in open forests around 47% of carbon is stored in the above-ground living biomass, 17.5% 

in the below-ground living biomass, 5.4% in dead organic matter and almost 30% in soil organic matter. Around 

64% of all living biomass is accumulated in trees, 0.7% in bamboo and tree ferns, the rest is stored in dead wood, 

litter and soil organic matter.  

As shown in Table 7, the weighted average forest carbon content in all forests of the PMR is 194.5 t/ha. Using the 

general conversion factor from C to CO2 of 3.67 (molecular weight of CO2 in relation to C), this amount of carbon 

corresponds to 713.88 tons of fixed CO2 per ha.  
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Table 7. Average CO2 fixation in the forests of the PMR 

Forest Type  C/ha Area C total Average 
C/ha 

Conversion 
factor  

C to CO2 

Average CO2 
fixation 

[tons] [ha] [tons] [tons]  [t/ha] 

 Closed Forest 219.62   47,400 10,409,988    

 Open Forest 175.14   61,400 10,753,596    

Total  108,800 21,163,584 194.52 3.67 713.88 

 

3.1.2 Calculation of avoided forest carbon emission 
Based on the avoided deforestation of 100 ha per year since 2014 (Table 4 and Figure 7) and the average CO2 

fixation of 713.88 t per ha of forest in the PMR (Table 7) the avoided CO2 emission can be calculated as 71,388 t 

per year (100 ha × 713.88 t/ha). Extrapolated to the 3.5 years of ForClim II since its start in July 2014 until 

December 2017 gives a reduced emission of approximately 250,000 t of CO2 (350 ha x 713.88 t/ha = 249,858 t) 

during that period. 

The reduced deforestation in the Panay Mountain Range in the past 3.5 years is not only the result of ForClim II. 

Several other projects also supported forest protection, livelihood improvement and reforestation in the PMR since 

2010, such as the Community Based Forest Management (CBFM) Project of the Environment and Rural 

Development (EnRD) program, Community Based Forest and Mangrove Management Project (CBFMMP), 

ForClim I and the National Greening Program of the Government of the Philippines. The significantly reduced 

deforestation rate in the PMR since 2010, especially in comparison with the rest of Panay, is the result of 

coordinated efforts by DENR, LGUs, the local population and foreign-assisted and national projects.  

3.2 Additional carbon fixation through forest rehabilitation 
ForClim II supported the establishment of 1,143 ha assisted natural regeneration (ANR)/ enrichment planting and 

1,149 ha of agroforestry measures. These figures were validated by field monitoring in 2017.  

In the enrichment planting sites, 500 trees were planted per ha and the existing natural regeneration has been 

protected. An average annual wood increment of 8 m3/ha/year is used based on observations and measurements 

made of joint increment of planted trees and protected regeneration during 13 years of project implementation of 

EnRD CBFM, CBFMMP and ForClim I.  

For agroforestry, the wood increment of fruit trees, coffee, cacao and hedgerow species was conservatively 

estimated at 3 m3/ha/year. A study from Indonesia (Rajab et al. 2016) indicates a wood volume between 30 m3/ha 

and 110 m3/ha for mixed cacao plantations after around 10 years, equal to an annual wood increment between 

3 m3/ha and 11 m3/ha. For this study the more conservative, lower value was used.  

An average wood specific gravity of 0.57 g/cm³ was used (Brown 1997) for tropical tree species in Asia. The carbon 

equivalent of the woody biomass is calculated using the carbon fraction of 0.47 tons of carbon per ton of dry matter 

given in the 2006 IPCC guidelines (IPCC 2006, p 4.48). For the conversion of carbon to carbon dioxide the 

conversion factor of 1 ton of carbon equals 3.67 tons of CO2 was applied (ratio of molecular weight of CO2 to C). 

For ANR/enrichment planting this corresponds to a CO2 sequestration of 7.87 t/year and of 2.95 t/year for 

agroforestry. The additional carbon fixation through ForClim II project supported measures is summarized in 

Table 8. 

Table 8. Additional carbon fixation through forest rehabilitation 

Rehabilitation 

category 

Area Annual 
wood 

increment 

Total wood 
increment/ 

year 

Average 
specific 
weight 

C total Average  
C/ha 

Conversion 
factor  

C to CO2 

Average 
CO2 

fixation 

[ha] [m3/ha/year] [m3] [t/m3] [t/year] [47%]  [t/year] 

 Enrichment 
planting 

1,143 8.0 9,144 0.57 5,212 2,450 3.67    8,990 

 Agroforestry 1,149 3.0 3,447 0.57 1,965    923 3.67    3,389 

Total        12,379 

  



15 
 

Through ANR/enrichment planting and agroforestry measures under ForClim II, a total of around 12,380 t of CO2 

is being fixed annually. Project planting started in 2016, and the plantations will have an average age of 1.5 years by 

the end of 2017. Calculated for 1.5 years, the additional carbon sequestration until the end of ForClim II is 18,570 t 

of CO2 (1.5 years × 12,380 t/year). Assuming that the plantations will be maintained, the amount of 12,380 t of CO2 

will be sequestered annually also for the years to come and should be considered a project outcome. 

3.3 Overall avoided carbon emission and additional sequestration  
As pointed out in Chapter 3.1, the emission of 249,858 tons of CO2 has been avoided during the 3.5 years of 

ForClim II implementation through improved forest protection. In addition, project-supported enrichment 

planting/assisted natural regeneration and agroforestry plantations have sequestered 18,570 tons of CO2 from 

planting in mid-2016 until December 2017 (Chapter 3.2). Therefore, the total avoided CO2 emission and the 

sequestered CO2 during the duration of ForClim II amounts to around 268,430 tons (249,858 t + 18,570 t). The 

outcome indicator “At least 50,000 tons of greenhouse gas emissions (CO2 equivalent) have been additionally 

avoided resp. have been sequestered in the PMR by 2017, compared to the baseline 05/2014” has been achieved.  

The above figures only refer to the time from June 2014 until December 2017. It is assumed that the established 

forestry and agroforestry measures will be maintained and the improved forest protection will continue. Thus, the 

additional annual CO2 avoidance and sequestration of around 83,770 tons per year (71,388 t + 12,380 t) will 

continue after December 2017. 

Table 9 summaries the figures of avoided and fixed CO2 emissions in the PMR for the duration of the ForClim I 

and ForClim II projects. The total amount for a period of 7.5 years is 453,353 tons of CO2.  

The figures for ForClim II are from this report, the figures for ForClim I are based on area figures from Hansen et 

al. (2013) and average forest biomass levels in comparable areas collected during the BMUB IKI-funded Climate-

relevant Modernization of Forest Policy and Piloting of REDD Measures in the Philippines Project. From 2000 until 

the start of ForClim I in 2010, the annual deforestation rate in the 18 partner municipalities was 296 ha and fell by 36 

ha to 260 ha from 2010 to 2013. This corresponds to an annual reduction in CO2 emissions, or avoided emissions, of 

16,800 t. The CO2 fixation through 1,059 ha of reforested areas and stand improvement and 889 ha of agroforestry 

was calculated to be 11,650 t per year (Table 9). 

Table 9. Avoided emissions und sequestration of CO2 in the PMR 

Year ForClim I  ForClim II  ForClim I+II 

CO2 avoided  
(t) 

CO2 fixed  
(t) 

 CO2 avoided 
(t) 

CO2 fixed  
(t) 

 (t) 

2011   8,400   5,825       14,225 

2012 16,800 11,650       28,450 

2013 16,800 11,650       28,450 

2014 16,800 11,650  35,694     64,144 

2015 16,800 11,650  71,388     99,838 

2016 16,800 11,650  71,388   6,190  106,028 

2017 16,800 11,650  71,388 12,380  112,218 

Total 109,200 75,725  249,858 18,570  453,353 

 

It should be noted that avoiding the destruction of one ha of natural forest accounts for a reduction of CO2 

emission of around 714 tons. In order to sequester the same amount of CO2, one ha of ANR/enrichment planting 

or reforestation has to be established at substantial cost, maintained and protected for 90 years (CO2 fixation in the 

observed ANR/enrichment planting and reforestation is around 7.9 t/year). It is therefore much more effective to 

protect existing forest than to reforest or afforest new areas. 
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Annex 1. The precision of dot grid estimates 

Source: Zöhrer 1978 

 

Standard error percent of dot grid counts 

p = perimeter ratio, i.e. the perimeter of the area divided by the perimeter of a circle of the same size 

Source: Zöhrer 1978 
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Annex 2. Photo documentation 

The screenshots from Google Earth images in Figure 10 document the forest types in the PMR. The text below the 

screen shots describes the causes for the land use change.  

Figure 10. Selected Google Earth screen shots from Panay 
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