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The study was conducted to estimate biomass accumulation of 

five forest tree plantation species (bagras, falcata, mahogany, mangium and 
yemane) and quantify the carbon stock of the commercial plantations in 
Mindanao.

The plantations surveyed had a wide range of stand ages (1-25 
years old) and planting density of 191-10,000 trees/ha. Allometric equations 
developed by ERDB in 2009 based on diameter at breast height and total 
height were used to predict the tree aboveground biomass and total carbon 
stock of the plantations.

Based on 273 plots established inside the plantations, the biomass 
density of the five species ranged from 1 to 1,109 tons ha-1 and carbon 
density ranged from 1 to 523 tons C ha-1 at different sites. 

The mean biomass of the five species is 183.1 tons ha-1 for an average 
stand of 12 years old. As a whole, the plantations (2,002 ha) contained a total 
aboveground biomass of 268,228 tons which has sequestered an equivalent 
of 126,181.9 tons CO2 from the atmosphere.

Region 12, having the highest number of planted forests (1,146 
ha), gave the highest total biomass of 111,108.6 tons. This was followed by 
Region 13 (71,174.4 tons) and Region 11 (34,546.9 tons), respectively.

Keywords: carbon stock, biomass, allometric model, Eucalyptus deglupta, Paraserianthes 
falcataria, Swietenia macrophylla, Acacia mangium, Gmelina arborea
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The total carbon stock of the plantations surveyed was 126,181.9 
tons C which is equivalent to 463,084 tons CO2 sequestered from the 
atmosphere. Among the five forest tree species evaluated, mangium stored 
and sequestered the biggest amount of carbon. With a total of 328.3 ha of 
plantations, mangium was able to store 53,930 t C. This represents 42.8% of 
the total amount of carbon stored by the plantations in Mindanao.

IN RECENT YEARS, CLIMATE CHANGE HAS BEEN THE HOTTEST GLOBAL ISSUE.    
It is actually the result of an increased concentration of greenhouse gases (GHGs) in the 
atmosphere which include carbon dioxide (CO2), methane (CH4), nitrous oxide (NO), 
chlorofluorocarbons (CFC), fluorinated hydrocarbons and ozone. The GHGs trap the 
infrared radiation from the earth’s surface, thus causing warming or greenhouse effect. 
Among these GHGs, CO2 has the largest volume and its level in the atmosphere has 
risen by 30% since the industrial revolution primarily because of the burning of fossil 
fuels. According to the Intergovernmental Panel on Climate Change (IPCC 2007), the 
CO2 is by far the largest contributor to the man-made enhanced greenhouse effect. 

 With the growing concern over the increasing CO2 in the atmosphere, the 
role of trees in removing atmospheric CO2 for the build-up of their biomass cannot 
be denied. Trees naturally take up carbon dioxide (CO2) from the atmosphere and 
store the converted carbon (C) in their biomass (roots, stems and foliage) through the 
process of photosynthesis. 

 Physiologically, the faster the tree grows, the more CO2 is sequestered from 
the environment. Bagras, falcata, mahogany, mangium and yemane are among 
the fast-growing forest tree species. They are popular for plantation development 
especially in Mindanao where much of the country's wood supply comes from. These 
species are commonly used for furniture-making, construction, general wood works, 
novelty items and other products.

 The planting of trees to sequester atmospheric C has been considered as one 
of the most cost-effective and long lasting means and a significant strategy to mitigate 
the global problem of increasing amounts of CO2 in the atmosphere. 

 Forest plantations are considered highly efficient “carbon stores” since they 
absorb much CO2 from the atmosphere. They are also considered CO2 sinks when 
they are increasing in density or area. In the Philippines, the development of forest 
plantations is a major forestry activity. The government and the private sector are 
establishing small-scale and large-scale forest plantations to increase the raw material 
base of the wood industries while addressing also the ecological concerns through 
the rehabilitation of denuded or open lands. 
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 A vital information necessary in assessing the role of forest plantations 
in climate change is an accurate estimate of carbon (C) stock and rate of carbon 
sequestration of various forest tree species. Estimation of the magnitude of carbon 
stock as “sinks” and “sources” requires reliable estimates of the biomass of forest 
plantations and of individual trees.
 
 This study was conducted to provide basic information for accurate and 
reliable estimations of the biomass and carbon stock of commercial plantations of 
the abovementioned species in Mindanao using tree biomass modeling and carbon 
accounting. Information on the location of the forest plantations and their biomass 
estimates and carbon stock is an important input for the government and the wood and 
furniture/handicraft industries in their management and decision-making processes.

Review of literature

Species description

Bagras (Eucalyptus deglupta)

Bagras, a member of the family Myrtaceae, originates from the rainforests of 
Mindanao, which is the southernmost and easternmost island in the Philippines. Reyes 
(1938) described it as one of the largest and tallest trees in the Philippines. It is a fast-
growing tree that can reach up to 30 to 40 m in height and a diameter of up to 2 m. 
The tree usually has a long, clear and cylindrical bole. Bagras is sometimes called 
"rainbow bark" due to its beautiful bark of many colors. 

It is commonly found in well-drained places along streams from sea level 
to 600 m in elevation. Based on its natural distribution in the Philippines, bagras 
tolerates low as well as high rainfall (less than 1000 mm in South Cotabato and more 
than 4000 mm in Agusan del Sur). Also, it can grow where there is no distinct dry 
season (Agusan del Sur) and where the length of the dry season is as much as seven 
months (South Cotabato).

The wood of bagras is used locally as a general-purpose timber, furniture, 
cabinet work, veneer and plywood, particleboard, hardboard, wood-wool board and 
pulp and paper.
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Falcata (Paraserianthes falcataria)

Falcata or Moluccan sau, a large leguminous nitrogen-fixing tree with a 
spreading large crown, belongs to the Leguminosae. It is one of the fastest growing of 
all tree species and reaches a height of more than 40 m and a diameter of 80 cm. Its 
wood is soft and generally light in color with a reported specific gravity range of 0.20 
to 0.49 (National Academy of Sciences 1980). 

A common spacing for a pulpwood rotation of 6-8 years for this species is 
3 m x 3 m (ERDB 2010). If sawtimber is desired, stands can be thinned to 6 m x 6 
m at 6-8 years and harvested at 15 years. Growth averages to 39 m3/ha/yr on 10-
year rotations and can reach up to 50 m3/ha/yr on better soils (National Academy of 
Sciences 1980). 

The wood of falcata is light, soft and weak. In the Philippines, it is used for 
the manufacture of pulp, core veneer, particleboard, packing cases, boxes, matches, 
chop sticks and light furniture. 

Mahogany (Swietenia macrophylla) 

Mahogany is an exotic species introduced in the country during the early part 
of the 20th century. It is native to Central and South America. It is a medium-sized to 
large tree growing up to 20-45 m tall, and up to 2 m trunk diameter.

 
The species can adapt to a variety of soils but has a distinct preference for 

well-drained, sandy clay soil (Dayan 1989). It also grows well on rather shallow as 
well as deep alluvial soils. The species thrives well at temperatures ranging from 110C 
to 320C and rainfall ranging from 1500 to 5000 mm. It tolerates dry seasons for as 
long as seven months. Mahogany is among the top priority species recommended for 
reforestation in all regions of the country, except in Region VI (PCARRD 1982).

Revilla, Bonita and Dimapilis (1976) developed a yield prediction model for 
mahogany. They reported that at age 15, its mean annual growth ranges from 3.0 to 
8.5 m3/ha for site indices varying from 10 to 35. Yield at age 20 is 35.2 m3/ha at site 
index 10 and 81.7 m3/ha at site index 35.

Its principal uses, according to Kribs (1959), include boat building (decking, 
planking), furniture and cabinets, musical and scientific instruments, turnery and 
sculpture, veneer and plywood. 
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Mangium (Acacia mangium)

Mangium, a member of the family Fabaceae, is a tree that can reach a height 
of 30 m and a diameter of up to 50 cm although some trees reach up to 90 cm in 
diameter. The bole is usually straight and unbranched up to half the height of the tree. 
Like many other legumes, it can fix nitrogen in the soil. Acacia mangium has about 
142,000 seeds/kg. The species is indigenous to northeastern Australia, Papua New 
Guinea and eastern Indonesia Irian Jaya.

According to Elliot and Jones (1982), mangium is a species that is best suited 
to high rainfall areas. Within its natural habitat, mangium usually occurs at elevations 
below 300 m but has also been observed to grow at elevations greater than 700 m.

Because of its rapid growth and its ability to grow on very poor soils, 
mangium is now widely used as a plantation tree crop throughout Asia and the Pacific. 
Another important feature of the species is that it can out-compete the vigorous and 
tenacious cogon grass (Imperata cylindrica), a common weed in many forestation 
areas (Vietmayer 1996). 

The wood of mangium is suitable for the manufacture of lumber, veneer and 
plywood, furniture and cabinets, particleboard and pulp and paper.

Yemane (Gmelina arborea Roxb.)

Yemane is a deciduous fast-growing tree species belonging to the family 
Verbenaceae. The species is native in India, Burma, Sri Lanka, and southern China. It 
was introduced in the Philippines in 1960.

According to Esteban (1979), yemane “thrives in a monsoonal climate with 
a distinct dry period of not less than 6 months, a not-too-low humidity and a yearly 
precipitation of at least 1800 mm”. The species grows well at elevations below 530 m.

Yemane exhibits very high growth rates on good sites. The predicted yields 
of the species for an average site with a spacing of 2 m x 3 m have been reported to be 
102 m3, 189 m3, and 233 m3, for ages three, six and nine years, respectively (PCARRD 
1986). The rotation age of yemane in the Philippines is 7-12 years, depending on the 
intended use.

The wood of yemane is used in the Philippines for furniture, veneer and 
plywood, pulp and paper, and general construction work (PCARRD 1986).
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Biomass estimation

Biomass, as defined in this study, is the total aboveground mass of living 
organic matter in trees expressed as ovendry kg per tree or ovendry tons per unit area. 

Information on the biomass of different forest ecosystems provides estimates 
of carbon pools in the vegetation as 50% of its carbon. In photosynthesis, plants 
form carbohydrates by using available CO2. Large amounts of carbon are returned 
to the atmosphere while some are retained in the biomass of trees. This means that 
the higher the biomass accumulation, the greater is the potential to sequester carbon 
(Lasco 1998).

Equations relating biomass to tree diameter or height have been developed 
for some fast-growing tropical tree species (Kawahara et al. 1981; Tandug 1986; 
Fownes and Harrington 1991; Tandug 2006, ERDB 2008). The allometric equation 
generally used is in the form W = b0(DBH)b1(TH)b2 where W is the fresh or ovendry 
weight of the tree in kg, DBH is diameter at breast height in cm, TH is total height in 
m, b0 and b1 are determined by linear regression of log-transformed W, DBH and TH.

The allometric equations developed by ERDB in 2008 for the five species are 
shown in Table 1. These equations were used to estimate aboveground biomass of 
the plantations in this study.

Carbon sequestration

Carbon sequestration is the process of capturing carbon from the atmosphere 
by trees through photosynthesis and storing it in their biomass (trunks, branches, 
foliage). The sequestration potential of trees may vary in terms of species, size, age 
and location (Kawahara et al. 1981). Rapidly growing trees absorb a large amount of 
carbon dioxide. In terms of size, the higher the biomass accumulation, the greater is 
the potential to sequester carbon. In terms of age, mature trees grow less rapidly and 
thus have a lower intake of CO2. If trees grow on to an over-mature state, the rate of 
sequestration tends to be negative because biomass material is breaking down faster 
than it is accumulating. The carbon content in its biomass is continuously locked 
during the life of the tree.

Carbon is extracted from the plantations as trees are harvested. However, 
the carbon is not necessarily returned directly to the atmosphere. If the trees are 
used to make wood products, a portion of the sequestered carbon will remain stored 
in solid form up to several decades or longer as “carbon stored”. Subsequently, 
these harvested trees should be replaced with more trees because of their important 
contributions in mitigating climate change.
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Species Tree 
biomass

Regression coefficients
R2 Standard 

errorb0’ b1 b2

Bagras
     (n=29)

Fresh
ovendry

-0.6943
-1.2938

1.9525
2.4352

0.5651
0.3031

0.850
0.961

0.0189
0.0214

Falcata
     (n=27)

Fresh
ovendry

-0.9836
-1.5724

1.8036
1.7021

0.8702
1.2236

0.966
0.950

0.1479
0.025

Mahogany
     (n=42)

Fresh
ovendry

-1.171
-1.5712

2.323
2.2398

0.4453
0.658

0.974
0.976

0.0082
0.0078

Mangium
     (n=25)

Fresh
ovendry

-0.7547
-1.0965

2.3826
2.3601

0.0923
0.1741

0.978
0.979

0.0050
0.0049

Yemane
     (n=50)

Fresh
ovendry

-0.4716
-0.9231

1.3553
1.3172

0.9117
1.0224

0.901
0.894

0.0374
0.0420

 Table 1. Regression coefficients of the allometric model, LogW=B0 + B1*LogDBH 
+ B2*Log TH, developed for the component fresh and ovendry weights 
of the five species.

Several studies have been conducted to assess and quantify the carbon stocks 
of various forest ecosystems including tree plantations and agroforestry systems in the 
Philippines (Kawahara et al. 1981; Zamora 1999; Castro 2000; Racelis 2000; Lasco et 
al. 2001a and 2001b; Lasco et al. 2002a and 2002b). 

An ERDB study in 2008 computed the total percentage of carbon (%) in the 
aboveground biomass of tree samples taken from five forest tree plantation species, 
the ovendried stemwood, bark, branches and leaves of various species (Table 2). The 
ERDB data were used in the estimation of carbon stock in this study.

Species Total carbon content (%) in the different tree parts
Whole tree Bole Leaves Branches

Bagras 48.80 45.82 51.50 48.60

Falcata 48.20 48.10 48.50 48.00

Mahogany 47.20 47.29 48.13 46.08

Mangium 49.37 49.45 49.88 48.69

Yemane 44.73 44.79 44.91 44.48

Table 2. Total carbon content in the different tree parts of the five species.
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Methodology

Project sites

 The forest plantations in the Philippines are concentrated in Mindanao, 
especially in Caraga Region which is considered as the timber corridor of the 
Philippines where much of the country's wood supply come from. The project was 
conducted in 17 provinces in Mindanao in 2009. It assessed the biomass and carbon 
stock of 1-to-25-year-old plantations of bagras, falcata, mahogany, mangium and 
yemane (Fig. 1).
 
 The selected species are the commonly used forest tree species for the 
establishment of forest plantations by private tree growers/tree farmers, plantation 
managers and tenurial instrument holders such as Integrated Forest Management  
Agreement (IFMA), Community-Based Forest Management (CBFM), and Timber 
License Agreement (TLA) for the raw material supply of the wood-based and furniture 
and handicraft industries. These tenurial instruments cover 477,941 ha.

Figure 1. The five forest tree species considered in the study.

 Falcata plantation

 Bagras plantation

 Mangium plantation  Yemane plantation

 Mahogany plantation
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Implementation of the project

 The project was implemented following the sequence of activities and 
procedures shown in Figure 2 for assessing and estimating the carbon stock in 
aboveground biomass of the forest plantations.

Conduct of inventory/survey of forest tree plantations

 To ensure that the extent of forest plantations was documented accurately, all 
possible existing commercial forest plantations established by small and large-scale 
tree growers (private, IFMA, Socialized Industrial Forest Management Agreement or 
SIFMA, CBFM, TLA, etc.) were visited, surveyed/inventoried and photo documented. 
All relevant background information obtained from the regional offices include: 
location maps, name of plantation owners/forest manager, species, location and 
hectarage, date when trees were planted and spacing used.

Figure 2.  Flow chart for estimating biomass, carbon stock and volume of forest 
plantations.
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Sample plot establishment

 To capture the variability 
within the plantation and satisfy 
the objectives of the inventory, at 
least three representative sample 
plots (quadrats of varying sizes 
depending upon the spacing used in 
the establishment of the plantation) 
consist of at least 16 trees each were 
established in the forest plantations.

 The sample plots (Fig. 3) were 
established from various sites inside 
the plantations with homogenous 
vegetation, uniform species, density and age, (e.g., good, average and poor) to include 
as much different-sized trees as possible to cover a wide range of diameter and height 
in the analyses.

Measurement of tree and site variables

 Diameter at breast height (DBH) which is 1.3 m from the ground, and total 
height (TH) of all trees inside the plot were measured. Tree data and site information 
were recorded in field data forms and then encoded in computer spreadsheets for 
databanking.

Aboveground biomass calculation

 Aboveground biomass (expressed as ovendry kg per tree) was calculated for 
each tree in the sample plot. The total biomass estimates for all the plots were averaged 
within the plantation. The value was then converted to biomass tons per hectare. 
Afterwards, upscaling of the total biomass per hectare to the total area covered by the 
plantation was done. Regional estimates were then calculated. 

 The biomass prediction equations developed by ERDB in 2008 which were 
used in the study allow direct estimation of the biomass without costly and time-
consuming destructive sampling. The biomass equations are species-specific.

Carbon stock estimation

 After determining the tree aboveground biomass, the carbon stored is 
calculated in each tree, expressed as t C per tree, consists of multiplying the total dry 

Figure 3. Plot establishment.
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mass per tree by a conversion factor that represents the average carbon content (%) of 
the different forest tree species provided in the study of ERDB in 2008. The formula 
used is C = %C * B where C is the carbon content by mass and B is the ovendry 
biomass and %C is the carbon content in percent as shown in Table 2. The total 
carbon (%) present in the ovendry biomass of the five forest tree plantation species 
(Table 2) was also determined based on the ERDB's study in 2008.
 
GIS mapping

 The precise locations of the plantations were determined using the Global 
Positioning System (GPS). It was used to find the location of the forest plantations 
and distribution of the various species in each province/region by age, density and 
other variables in the database. The plantation sites were georeferenced from the GPS 
readings on the ground.

Results and discussion

Study areas

The forest plantations surveyed in this study are all located in Mindanao which 
is the center of forest plantations in the Philippines. Based on the 2007 Philippine 
Forestry Statistics, Mindanao supplies 70% of the total roundwood production of the 
country (880,674 m3) for the wood, furniture and handicraft industries.

This study visited/surveyed a total of 185 forest plantations of the five species, 
aged 1-25 years old, with an aggregate area of 2,002.3 ha. The plantations considered 
in the study covered at least 0.5 ha. They were found at 2-783 masl with a density 
of 191-10,000 trees per hectare and soil depth of  5-74 cm. The average DBH of the 
trees ranged from 6 to 58 cm and total height of 4 to 45 m (Table 3).

Yemane was found to be the predominant species in Mindanao with a total 
area of 1,353 ha, followed by mangium with 328.3 ha and mahogany with 192.7 ha 
(Table 3). Most of the plantations are owned by private individuals and companies. 

Region 12 has the highest total area planted (1,148 ha) followed by Region 
13 (323.4 ha) and Region 11 (316.5 ha) (Table 4).

A total of 573 plots were established to determine the carbon stock, biomass 
and volume of the commercial forest plantations surveyed in Mindanao.
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Region Total 
no. of 
planta-
tions

Total 
area 

planted 
(ha)

Eleva-
tion

(masl)

Age 
(yr)

Den-
sity

(no/ha)

DBH 
(cm)

Total 
height 

(m)

MH 
(m)

9 33 105 16-783 4-25 438-
4000

10.3-
45.6

6.9-19.0 4.3-
17.6

10 14 109.5 63.0-
624.4

3-24 400-
6933

9.5-
25.4

6.6-15.1 3.6-
10.3

11 38 316.5 2.0-
748.0

3-24 492-
2000

8.6-
57.3

5.5-44.5 2.5-
22.6

12 51 1,148 6.2-
717.0

1-25 278-
9375

5.7-
40.6

4.9-26.2 2.6-
16.6

13 49 323.37 13.0-
189.0

2-20 191-
10000

7.1-
58.4

4.0-29.5 2.8-
25.1

Total 185 2002.3     

Table 4. General description of the forest plantations in Mindanao by region.

Figure 4.  Average tree ovendry weight and carbon content of 
each species.

Tree ovendry weight (ODW) and carbon content by species

ODW

Carbon

Bagras Falcata Mahogany Mangium Yemane
(12 years) (6 years) (13 years) (13 years) (14 years)

 Kg
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Aboveground biomass

Biomass in this study is defined as the total aboveground mass of living 
organic matter (such as the trunks, branches and foliage) in trees expressed as ovendry 
weights per tree (kg/tree) or per area (kg/ha).

Tree biomass

The aboveground biomass was computed for each tree in the sample plot 
using the biomass prediction equations developed by ERDB in 2008 for each species. 
Based on the plot information, the ovendry weights of the trees aged more than 10 
years ranged from 142.9 to 384.8 kg/tree while trees less than or equal to 5 years old 
have 16.7 to 92.9 kg dry weight.

By species, bagras, with an average age of 12 years, DBH of 23.1 cm and TH 
of 18.1 m, has the highest tree aboveground biomass (ovendry weight) of 365.7 kg. 
This was followed by 13-year-old mangium having an average DBH of 23.1 cm and 
TH of 15.1 m, with aboveground biomass of 248.2 kg/tree (Fig. 4 and Table 5).

Biomass density

With regard to biomass density which is the total estimated biomass per 
hectare, data generated from various parts of Mindanao show that the forest plantations 
can have more than 450 t of aboveground biomass. 

The overall mean aboveground biomass of the five species measured in 
Mindanao is 183.1 t ha-1 for an average age of 12 years old (Table 6). 

Stand biomass ranged from 42.4 to 474.8 t ha-1 with falcata giving the highest 
biomass at the average age of 15 years old in Region 12. This was followed on the 
average by 387.9 t ha-1 biomass of 16-year-old mangium in Region 9 (Table 7). 

The biomass density estimates were based on the biomass of trees with DBH 
greater than 5 cm which is the usual minimum diameter measured in forest inventories. 
As a whole, mangium gave the highest amount of biomass density (Fig. 5).

Information on the biomass density of forest plantations is useful in the 
estimation of the magnitude of these plantations as sources and sinks of carbon. 
Biomass density estimation provides the means of calculating the amount of carbon 
dioxide that can be removed from the atmosphere by the plantations. They establish 
the amount of biomass production and the upper bounds for carbon sequestering. 
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Table 5. Average tree statistics of the five forest plantation species in Mindanao.

Species Region Age        
(yr)

DBH     
(cm)

TH            
(m)

MH         
(m)

TREE 
ODW        
(kg)

Tree 
Carbon        

(kg)

Tree 
volume      

(m3)

Bagras 11 10         23.0 20.0 10.9 285.5 137.0 0.2728

12 13 19.7 16.0 9.2 176.7 84.8 0.1644

13 14 26.7 18.2 14.5 634.8 304.7 0.6303

Mean 12 23.1 18.1 11.5 365.7 175.5 0.3559

Falcata
 
 
 
 
 

  9 5 15.9 12.3 10.4 78.5 37.8 0.2513

10 3 13.5 7.6 4.8 27.8 13.4 0.1066

11 4 14.9 12.8 7.3 83.9 40.4 0.1957

12 15 24.5 16.4 10.2 190 91.5 0.5064

13 4 16.3 11.7 8.8 73.4 35.4 0.2253

Mean 6 17.0 12.2 8.3 90.7 43.7 0.2571

Mahogany
 
 
 
 
 

  9 16 26.0 14.6 12.6 301.8 142.5 0.4332

10 14 14.1 9.9 5.6 57.3 27.0 0.0834

11 11 14.5 12.4 6.8 72.5 34.2 0.0947

12 13 19.9 13.6 6.3 166.0 78.4 0.1777

13 8 19.9 11.3 7.0 183.9 86.8 0.2230

Mean 13 18.9 12.4 7.7 156.3 73.8 0.2024

Mangium
 
 
 
 
 

  9 16 28.6 17.8 16.2 411.2 203.0 0.6378

10 13 19.0 12.8 8.1 151.4 74.7 0.1902

11 9 18.4 12.1 7.6 127.6 63.0 0.1525

12 15 25.6 16.2 8.2 277.8 137.2 0.3048

13 11 23.9 16.6 12.4 273.1 134.8 0.3964

Mean 13 23.1 15.1 10.5 248.2 122.5 0.3363

Yemane
 
 
 
 
 

  9 19 18.4 12.2 10.4 77.6 34.7 0.1583

10 9 15.6 10.0 7.0 49.1 22.0 0.0780

11 14 21.9 17.2 9.4 172.7 77.2 0.2539

12 15 20.5 12.8 7.6 97.8 43.8 0.1582

13 14 26.5 16.5 12.4 176.8 79.1 0.3632

Mean 14 20.6 13.7 9.4 114.8 51.4 0.2023
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Region Plantation  
area (ha)

Biomass
density
(t ha-1)

Carbon
density
(t C ha-1)

Volume 
(m3 ha-1)

9   105.0 250 119 399.0

10   109.5 120 58 178.2

11   316.5 146 67 206.5

12 1148.0 199 94 251.7

13   323.4 180 87 287.8

Mean   400.5 179 85 264.6

Table 6. Biomass density, carbon density and volume per hectare of the forest 
plantations by region.

At the national level, according to Lasco and Pulhin (2002b), the total carbon 
biomass of Philippine forests, including natural and planted forests, is about 750 to 
884 M t C which is capable of sequestering 100 M t of CO2 or about 81% of the total 
carbon dioxide emitted nationwide. 

Total biomass
 

Results of the study showed that the forest plantations surveyed in Mindanao 
contained a total aboveground biomass of 268,228 t which has sequestered an 
equivalent of 126,181.9 CO2 from the atmosphere during their growth (Table 8).

Region 12, having the highest number of planted forests (1,148 ha), gave the 
highest total biomass of 111,108.6 t. This was followed by Region 13 (71,174.4 t) and 
Region 11 (34,546.9 t) (Table 8 and Fig. 6).

Carbon sequestered

Carbon sequestration is the process of capturing carbon from the atmosphere 
by trees through photosynthesis and storing it in their biomass (trunks, branches, 
foliage and roots). In terms of size, the higher the biomass accumulation, the greater is 
the potential to sequester carbon. The carbon content in the biomass of a tree remains 
locked during the lifetime of the tree.

Tree carbon

The computation of tree carbon, expressed as t C per tree, consists of 
multiplying the total biomass of the tree by a conversion factor that represents the 
carbon content (%) of the forest tree species. 
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Table 7.  Biomass density, carbon density and volume per ha of the forest 
plantations in Mindanao.

Species Region Age              
(yr)

Biomass 
density               
(t ha-1)

Carbon
density
(t C ha-1)

Volume               
(m3 ha-1)

 Bagras
 
 
 

11 10 187.3 89.9 170.2

12 13 151.6 72.8 141.4

13 14 239.1 114.7 252.6

Mean 12 192.6 92.5 188.1

Falcata
 
 
 
 
 

9 5 39.2 18.9 125.7

10 3 20.4 9.8 79.3

11 4 82.5 39.8 192.1

12 15 474.8 228.9 1266.0

13 4 68.7 33.1 200.9

Mean 6 137.1 66.1 372.8

Mahogany
 
 
 
 
 

9 16 325.2 153.5 470.5

10 14 117.7 55.6 177.8

11 11 85.3 40.3 113.9

12 13 203.4 96.0 223.3

13 8 191.4 90.3 231.8

Mean 13 184.6 87.1 243.5

Mangium
 
 
 
 
 

9 16 379.8 187.5 602.4

10 13 235.8 116.4 307.1

11 9 139.1 68.7 168.9

12 15 387.9 191.5 444.6

13 11 240.1 118.6 364.9

Mean 13 276.6 136.5 377.6

Yemane
 
 
 
 
 

9 19 117.3 52.5 234.9

10 9 42.4 18.9 69.8

11 14 176.3 78.8 256.9

12 15 142.7 63.8 227.1

13 14 144.6 64.7 272.7

Mean 14 124.6 55.8 212.3

Grand mean 12 183.1 87.6 278.8
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Figure 5. Average biomass density and carbon density of each species.

Region Plantation area 
(ha)

Total

Biomass (t) Carbon stock 
(t) Volume (m3)

  9 105.0 31185.6 15111.2 50020.5

10 109.5 20194.5 9912.3 25073.7

11 316.5 34564.9 15691.5 46598.6

12 1148.0 111108.6 50963.6 138401.0

13 323.4 71174.4 34503.2 122674.0

Total 2002.3 268228.0 126181.9 382767.7

Table 8.  Total biomass, carbon stock and volume of the forest plantations by 
region. 

Based on the plot information, the carbon stored per tree more than 10 years 
of age ranged from 63.9 to 184.7 kg C/tree while those trees less than or equal to 5 
years old have only about 7.9 to 41.5 kg C/tree.

Carbon density

Research has shown that planted trees can sequester significant amount 
of carbon. The IPCC default values for closed-canopy forest in the Philippines is 

Bagras   Mahogany Mangium Yemane
(12 years) (6 years) (13 years) (13 years)   (14 years)

Falcata

Biomass density and carbon density by species

Biomass 
density
(t ha -1)

Carbon 
density
(t ha -1)

300.0

250.0

200.0

150.0

100.0

50.0

0.0
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equivalent to 165-260 t C ha-1 based on 50% carbon content (Lasco and Pulhin 2003). 
Studies have estimated that secondary forests have carbon stocks ranging from 118 
to 306 t C ha-1.

The carbon density of the forest plantations surveyed in Mindanao ranged 
from less than 5 t C ha-1 to more than 500 t C ha-1. On the average, the carbon density 
for an average 13-year-old mangium plantation gave the highest at 136.5 t C ha-1 
followed by 12-year-old bagras at 92.5 t C ha-1 and then 13-year-old mahogany at 
87.1 t C ha-1 (Table 7).

As shown in Table 6 and Figure 5, Region 10 (58 t C ha-1) has generally low 
biomass carbon density, followed by Region 11 (67 t C ha-1).

Based on the study of Lasco et al. in 2002b, the carbon density of forest tree 
plantations has a mean estimate of 59 t C ha-1 which is lower than that obtained in 
this study. It should be noted that forest plantations make an important contribution 
in carbon sequestration as they serve as carbon sinks in mitigating climate change.

Total carbon stock 

Carbon stock is defined as the absolute quantity of carbon contained in a 
“pool” (meaning a reservoir or a system which has the capacity to accumulate or 
release carbon) at a specified time. In the context of forests, it refers to the amount of 
carbon stored in the forest ecosystem mainly in living biomass (tree, understory and 
herbaceous vegetation), as well as in dead wood and litter (necromass) but to a lesser 
content.

Figure 6. Regional total biomass in percent.

R9

R10

R11

R12

R13

Total biomass (tons)
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In this study, the total carbon stock of the 2,002 ha forest plantations surveyed 
in Mindanao was 126,182 t C (Table 9) which is equivalent to 463,084 t of CO2 from 
the atmosphere.

Among the five forest tree species evaluated, mangium stored and sequestered 
the biggest amount of C. With a total of 328.3 ha of plantations, mangium was able to 
store 53,970 t C (Table 9). This represents 42.8% of the total amount of carbon stored 
by the plantations in Mindanao (Fig. 7).

Forest plantation database 

It is becoming increasingly important to tie carbon content to forest inventory 
estimates. Regional and national forest estimates of carbon stock and change in carbon 
stock over time are important in global carbon cycling and its impact on atmospheric 
greenhouse gases and climate. International political and economic interests, 
following the Kyoto Protocol, require accurate estimates of forest carbon stocks and 
their change. This study provided an excellent database for carbon accounting at tree 
level and stand level.

Figure 7. Total aboveground biomass and carbon stock by species.

Total aboveground biomass and carbon stock by species

Biomass
(tons)

Bagras Falcata

Carbon
stock
(tons)

Bagras Falcata Mahogany Mangium Yemane
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Species Region Total area 
(ha)

Average Total

Age (yr)
Density 
(trees/

ha)

Soil depth
(cm)

Biomass 
(tons)

Carbon 
stock 
(tons)

Volume 
(m3)

Bagras 11 5.0 10 764 40 904 434 816

12 34.0 13 991 38 5011 2405 4625

13 18.7 14 782 15 6026 2893 6380

Total 57.7  11941 5732 11821

Falcata
 
 
 
 

9 9.0  5 500 20 381 184 1219

10 7.1  3 831  8 132 64 516

11 3.0  4 981 41 248 119 576

12 0.8 15 2500 44 356 172 949

13 49.8  4 797 18 3180 1533 9006

Total 69.7  4296 2071 12267

Mahogany
 
 
 
 

9 21.0 16 1109 16 6171 2913 9051

10 16.7 14 2507 12 2000 944 3252

11 98.8 11 1211 36 7271 3432 10121

12 53.5 13 1876 38 8118 3832 9363

13 2.7  8 1025 13 392 185 485

Total 192.7  23952 11305 32272

Mangium
 
 
 
 

9 50.0 16 1052 16 21472 10601 33419

10 78.5 13 2771 20 17787 8781 20797

11 2.0  9 1167 50 278 137 338

12 43.5 15 1406 37 19138 9448 20271

13 154.4 11 1033 15 50642 25002 86563

Total 328.3  109317 53970 161387

Yemane
 
 
 
 

9 25.0 19 1717 15 3162 1414 6331

10 7.2  9 955 18 275 123 509

11 207.7 14 1111 26 25865 11569 34749

12 1016.2 15 1425 36 78485 35106 103193

13 97.8 14 1646 11 10934 4891 20240

Total 1353.9  118721 53104 165021

Grand total 2002.3 268,227 126,182 382,768

Table 9. Total aboveground biomass, carbon stock and merchantable volume available in 
the forest plantations in Mindanao.
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Regional and national databases for the five species were generated showing 
the estimates of geographically referenced biomass densities and carbon stock of the 
forest plantations in Mindanao. A geographic information system (GIS) was used to 
incorporate the spatial databases of variables such as location, hectarage planted, 
elevation and soil depth with that of the biomass and carbon stock, as well as the 
volume of wood of the plantations. The database covers all the five regions in 
Mindanao.

GIS maps

For the wood, furniture and handicraft industries, it is important that they are 
provided with up-to-date information on the status of the raw materials that they can 
tap for their short-term and long-term raw material requirements.  

Through GIS, interested wood, furniture and handicrafts clientele or 
manufacturers can quickly find the locations of production source areas. This project 
collected the baseline information of existing or available production areas for the 
wood, furniture and handicraft industries and generated the database on the species.

Precise locations of the plantations were determined using the GPS. GPS 
is a decision-making tool which is computer-based and combines the features of 
database and digital mapping. It was used in this study to find the location of the forest 
plantations and distribution of the various species in each region by age, density and 
other variables in the database. ArcView and Manifold GIS softwares were used in the 
GIS mapping of the forest plantations. 

A GIS map was generated which showed the locations of the existing forest 
plantations by species and their distribution within the provinces and regions in 
Mindanao (Fig. 8). The plantation sites were georeferenced in the GIS maps based 
from the GPS readings on the ground. 

Conclusion 

 Forest plantations play an important role in the fight against global warming 
by reducing the magnitude of CO2 in the atmosphere. Forest plantations, if managed 
properly, can provide both ecological and economic benefits, one of which is carbon 
sequestration. Forests capture carbon and act as carbon reservoirs or sink. 

 This study was conducted to assess the biomass and carbon stock of forest 
plantations such as bagras, falcata, mahogany, mangium and yemane.
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 Based on the statistical data generated on the forest tree species, the forest 
plantations can have more than 450 t of aboveground biomass. Stand biomass ranged 
from 42.4 to 474.8 t ha-1 with falcata giving the highest biomass at the average age of 
15 years old in Region 12. This was followed by 387.9 t ha-1 biomass of 16-year-old 
mangium in Region 9. 

 The mean biomass of the five species measured in Mindanao is 183.1 t ha-1 
for an average stand of 12 years old. As a whole, the plantations contained a total 
aboveground biomass of 268,228 t which has sequestered an equivalent of 126,181.9 t 
CO2 from the atmosphere during their growth.

 Region 12, having the highest number of planted forests (1,146 ha), gave the 
highest total biomass of 111,108.6 t. This was followed by Region 13 (71,174.4 t) and 
Region 11 (34,546.9 t), respectively.

 The carbon density of the forest plantations surveyed ranged widely from less 
than 5 t C ha-1 to more than 500 t C ha-1.
 
 On the average, the carbon density for an average 13-year-old mangium 
plantation gave the highest at 136.5 t C ha-1 followed by 12-year-old bagras at 92.5 t C 
ha-1 and 13-year-old mahogany at 87.1 t C ha-1.

 In this study, the total carbon stock of the 2,002 ha forest plantations surveyed 
in Mindanao, was 126,181.9 t C which is equivalent to 463,084 t of CO2 sequestered 
from the atmosphere.

 Among the five forest tree species evaluated, mangium stored and sequestered 
the biggest amount of carbon. With a total of 328.3 ha of plantations, mangium was 
able to store 53,930 t C. This represents 42.8% of the total amount of carbon stored 
by the plantations in Mindanao.

 The highest total C storage (50,963 t C) is in Region 12, having the highest 
total area planted followed by Regions 13, 11, 9 and 10.

Recommendations

Establishing forest plantations is one of the key strategies in alleviating 
global warming. By providing data on the biomass, volume and carbon stock of 
forest plantations, the government, forest plantation managers and wood/handicraft 
industries may recognize the significant role of forest plantations in mitigating climate 
change. Sustainable forest management, however, is necessary if the aim is directed 
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toward carbon sequestration to achieve long-term results. Establishment of fast-
growing trees is most effective in the buildup of carbon stocks because as trees grow, 
more and more CO2 are sequestered and stored in the biomass.

Although the establishment of forest plantations requires high capital 
investment, it should be seen as a means of providing opportunities for generating 
income. Aside from supplying wood for furniture, construction and other purposes, 
the species used in this study can be considered profit species for carbon trading. 

The results of the study can be used to formulate government guidelines 
and policies relating to climate change and forest management. Monitoring protocols 
should also be established and implemented to improve forest management practices 
to increase carbon stock and to determine carbon sequestration rates as well as 
carbon change. 
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Kalimantan, Indonesia
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This research investigated the handling and processing of LiDAR 
data from Kalimantan, Indonesia. It involved filtering to derive bare earth 
and classifying vegetation, buildings, towers, and other object points. 
Different parameters were tested to find the optimum settings in the 
successful generation of digital terrain models (DTM) over urban and forested 
areas. Assessment of the quality of the LiDAR data in terms of overlapping 
points between strips was also conducted. The orthophotos produced 
from the images taken simultaneously with LiDAR showed that seamless 
orthophoto can be achieved by using LiDAR as ground control points 
(GCPs). The feasibility of 3D building modeling with the data was evaluated. 
It is presented by comparing the LiDAR-generated building models with the 
stereo-compiled roof boundaries. Overall, results of the study proved that 
LiDAR could augment and speed up the mapping process for production of 
topographic data.

TODAY, AIRBORNE LASER SCANNING (ALS) IS BECOMING THE PREFERRED 
technology for the collection of terrain data to generate digital elevation models 
(DEMs). With further processing, a wide number of applications and products can 
be produced especially in the field of base mapping, floodplain planning, natural 
resources management, disaster management, transportation and utility corridor 
mapping and urban 3D city modeling. In addition, it is also widely used in forest 
mapping as laser pulses penetrate in small gaps in forest canopies thus, producing 
measurement beneath the trees. A major product of ALS consists of high resolution 
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and good quality DEMs.

ALS systems have become popularly known or referred to as LiDAR which is 
an acronym for Light Detection and Ranging. It has three components: a laser scanning 
system, a global positioning system (GPS), and an inertial navigation system (INS). 
Optional components include digital video and camera that are both valuable in the 
visualization aspect and classification decision for the LiDAR data. Figure 1 shows the 
various sensors and scanning mechanism of a typical airborne laser scanning system.

Figure 1. A typical Airborne Laser Scanning (ALS).

LiDAR is an active remote sensing system. Its principle of operation is similar 
to a laser beam. A pulse of laser light emitted from the scanner is diffusely reflected 
by a point on the ground surface and the elapsed time between the emitting and the 
reception of the pulse is used to determine the distance between the scanner and 
the ground point. The coordinates of the laser scanner’s location and its orientation 
angles at the time of laser emission are then provided by the GPS and the INS on 
board the aircraft, respectively. A post-processing step involves synchronization with 
respect to the time of the range measurements and scan angles, exterior orientations 
which are the exact position and orientation of a sensor at the time of exposure or 
data capture provided by the GPS and the INS, and the calibration data and mounting 
parameters. This procedure yields laser points with XYZ or latitude, longitude, and 
height. As LiDAR emits and receives laser pulses, the reflective pulses records the 
earth’s surface including trees, buildings, and other objects above the ground which 
is referred to as digital surface model (DSM).

LiDAR has several advantages as compared to other methods of topographic 
data collection such as photogrammetry. First, it gives high precision and accuracy 
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for DTM modeling. The final achievable point clouds accuracy is 5 to 15 cm for 
vertical and 15 to 50 cm for horizontal, assuming a properly calibrated and correctly 
functional ALS system and ideal surface terrain conditions (Lohani 2008). It offers fast 
acquisition and processing with less human dependence since most of the processing 
is automatic and data collection is not restricted to daylight and sun inclination 
because it operates even at night. LiDAR is a superior data collection tool in forest 
areas which can penetrate beneath the tree canopies thus generating terrain points 
unlike in photogrammetry where terrain points are difficult to locate in the imagery.

It has some disadvantages as well. Acquisition cost of laser equipment is high 
although cost of data collection appears to be competitive. In addition, data collected 
over bodies of water are unreliable because lasers use the near infrared band in the 
electromagnetic spectrum which has a strong absorption and little reflection on water 
surface.

In view of the strengths and constraints, mapping service providers are now 
utilizing LiDAR and photogrammetry in combination. LiDAR data are used in the 
generation of orthophotos while digital images are used as a texture to LiDAR-derived 
products such as 3D models. The integration of medium format digital cameras 
and the direct georeferencing brought by GPS and INS in a LiDAR mission is now 
becoming a standard practice that allows fast, cost-effective and detailed capture of 
earth’s surface.

Properties and qualities of acquired LiDAR data may differ in every location 
depending on terrain type, land cover, mode of acquisition, purpose and other factors. 
This may bring about different results or outcomes. Like any other survey, LiDAR is 
not free from errors. As a standard practice, quality check should be made before 
further processing. 

This paper is based from a master's thesis to assess LiDAR technology for 
base mapping application in the Philippines. As LiDAR data covering the Philippines 
was not yet available during the time of investigation, the study sites selected were 
two areas in Central Kalimantan, Indonesia. The results and lessons learned from this 
study, however, could be applied in the local setting considering some similarities in 
geographical features. 

LiDAR service providers have grown in the geospatial market. They deliver 
huge amount of point cloud according to client’s demand. It is important that end 
users know the characteristics of LiDAR and its by-products.

Since there are no ground truth data (i.e., ground control points), only 
the relative accuracy of the LiDAR datasets was assessed. Likewise, there were no 
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evaluations conducted on the orthophotos and the stereo-compilation which were 
used as a reference for the quality assessment and visual comparisons of the filtered 
and classified points. The 3D building modeling was tested for few buildings only.     

Objectives

The objectives of this study are the following:
1. Investigate overlapping points between strips. 
2. Classify LiDAR points into different classes such as inliers or outliers, terrain 

or off-terrain, low, medium or high vegetation, buildings, and other objects.
3. Generate DTM of the study areas.
4. Assess quality of the LiDAR datasets.
5. Generate orthophotos with the images taken simultaneously with laser 

scanner. 
6. Create 3D building models based from the LiDAR datasets.
7. Provide recommendations regarding LiDAR technology for the mapping 

agency of the Philippines. 

Review of literature

Discrepancies in LiDAR data are more visible between overlapping strips 
that are mostly affected by systematic errors caused by integration of the three LiDAR 
components. These can be improved through strip adjustment. Early works of Kilian 
et al. (1996) performed a matching process between overlapping areas by using 
tie and control points, which is similar with photogrammetric model adjustment. 
An experiment by Vosselman et al. (2001) with two different datasets showed 
improvement in planimetric and vertical accuracy by formulating mathematical 
model and measuring tie points for laser strip adjustment. Burman (2002) developed 
a method to model the sensor system and correct shift and linear drift of orientation 
positions and attitudes.

Filtering refers to removing non-terrain points from LiDAR dataset, thus 
generating DTM (Axelsson 1999). Different filtering algorithms which are based 
on slope, block-minimum, surface, clustering or segmentation were tested for eight 
different sites (Sithole et al. 2003). The results were compared and the outcome 
proved that all the filtering algorithms work well on smooth terrain but not in a rough 
and more complex landscape.

Several researches and techniques were developed for automatic building 
extractions and reconstructions. Some of them are implemented in commercially 
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available software. A 3D urban model based on a dense LiDAR data of Lu Jiazhui 
of Shanghai was generated by Lin et al. (2008) using Terrascan. They concluded 
that LiDAR technology is a convenient, rapid and highly efficient method for city 
modeling.

Methodology

Study area

Kalteng Consultants, together with Milan Geoservice GmbH, a LiDAR service 
provider, conducted a LiDAR survey in Central Kalimantan, Indonesia in August 
2007. Kalteng Consultants is a remote sensing and Geographic Information System 
(GIS) company working with research projects in the “Investigation of the Evolution 
and the Economic Potential of the Resources in Central Kalimantan”. The LiDAR data 
and aerial images covered two separate areas, Palangkaraya and Tangkiling (Fig. 2) 
which were used as the study areas.

Central Kalimantan or Kalimantan Tengah is a province of Indonesia situated 
in Borneo with the city of Palangkaraya as the provincial capital. Borneo is an island 
which is divided by three countries, namely: Indonesia, Malaysia, and Brunei. 
Palangkaraya is a highly urbanized area with a relatively flat terrain and geographically 
located at 2°12′36″S and 113°55′12″E. Tangkiling is a rural area with dense forest 
and flat to undulated terrain represented by granite hills located 34 km north from 
Palangkaraya. 

LiDAR data and digital aerial images

The LiDAR data was taken using Riegl LMS-Q560 laser scanner on board 
a helicopter. It has a pulse rate of 100,000 per second. The average flying altitude 
was 500 m above ground with 30° scanning angle generating a swath width of                         
580 m approximately. The overlap is between 40-60%. The unfiltered LiDAR data 
are combination of multiple return echoes in ASCII format with XYZ attributes. They 
are in WGS84, UTM Zone 49S projection system.

For the Palangkaraya area, 10 flight strips (flown in EW direction) in 10 ASCII 
files were recorded covering approximately 25 km2 while 17 flight strips (15 strips 
flown in NS direction and 2 strips in EW direction) in 30 ASCII files were recorded in 
Tangkiling covering around 40 km2. The point density was measured at 1.6 points/m2. 
This brings to a total of 72.6 million and 130.6 million points for Palangkaraya and 
Tangkiling, respectively. 



34 L. Grafil

Although the same areas as the LiDAR datasets were covered by several 
hundredth images, only 77 images in the Palangkaraya area were available and used 
in this study. The images were taken using the DigiCAM-H22 based on Hasselblad 
camera components. It has a pixel size of 9 microns, 22 megapixels (5440 x 4080 
pixels) sensor format and focal length of 80 mm in RGB format. Observed forward 
overlap was 40-50% while 10-20% on sidelap. 

Study process flow

The overall process flow of this study is illustrated in Figure 3. The 
overlapping areas of LiDAR data was investigated first, followed by classification 
and DTM generation, and then by the construction of 3D building models. With the 
available digital images and exterior orientations (EO) as inputs, aerial triangulation 
was performed utilizing LiDAR as GCPs. Afterwards, the images were rectified 
and mosaicked to produce a seamless orthophoto. Terrascan and Terramodeler 

Figure 2.  Study areas (Map courtesy of Kalteng Consultants and National  
                Coordinating Agency for Surveys and Mapping, Indonesia   
                (BAKOSURTANAL).
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Figure 3. Study process flow.

softwares from Terrasolid were used in the LiDAR data investigation while the Digital 
Photogrammetric Workstation from Inpho was used in the orthophoto generation.

In order to process a large LiDAR dataset (millions of points) with Terrascan, 
proper planning is necessary to ensure that there is a sufficient computer memory to 
handle the processing. This was carried out by splitting the dataset into smaller units 
or blocks. 

Overlap investigation

Relative height and planimetric offsets were investigated between adjacent 
strips. Similar with aerial photogrammetry, LiDAR data are acquired in a strip-wise 
pattern allowing enough overlap to avoid gaps within the project area. The overlap 
between adjacent strips was reported at about 40-60%, thus, providing a means to 
evaluate height offset between them. Since no homologous points can be found in two 
overlapping strips due to the scan pattern of laser systems, correspondence between 
small surface patches from either strip or between a patch in one strip and a point in 
the other strip had to be established. The terrain type and land cover between the study 
areas were not the same, thus, different approaches were conducted in searching for 
surface patches and likewise different tools within Terrascan were explored.
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Assessing planimetric offsets are more complicated to determine than height 
offsets. This requires establishing correspondence of significant features between 
overlapping strips. Building roofs were used to determine those offsets and the 
investigation was carried out in the Palangkaraya area only. A total of 22 building 
roofs within overlapping areas were selected. In order to measure planimetric offsets, 
point clouds were visualized in sectional views to check whether it is gable roof 
type since the tip in front or back of the upper ridge part of the roof will be the 
point of comparison. Then, if it is a gable type roof, it is chosen as a sample. One 
sample of selected overlapping strips is shown in Figure 4. A point on each gable 
tip is approximately drawn using the front sectional view (a). Those points are then 
measured manually in X and Y directions on top view (b and c). The planimetric shifts 
are then calculated based on the resultant diagonal.

DTM generation and classification of points

In this investigation, points were classified into different classes as shown in 
Table 1. Although depending on the type of projects, it can be extended to different 
types; but within this study, 11 classes were defined. Upon importing the unfiltered 
point cloud into the project, the points were assigned into the default class. Low 
and high point classes can be categorized into a single class as outliers but they are 
kept separated for the purpose of this study and better handling of points. Model key 
points are thinned datasets from points classified as ground hits. This reduces the 
number of ground points up to 90-95% without losing its accuracy and speeding up 
the processing for the creation of a triangulated surface model for the whole project. 
Different macros were created in order to generate DTM and classify the LiDAR data. 
A macro is a series of commands that can be run in a single step. Visual inspection 
of the data showed that some points were outliers. Those points were eliminated first 
and classified as low or high points in order not to influence the other classification 
routines. Various parameters for ground classification were tested to achieve optimum 
results.

Figure 4. Manual measurement of planimetric offsets.

(a) (b) (c)
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Another macro was created for the classification of vegetation points. After 
the low and ground points were classified, the rest of the points (default class) were 
classified into vegetation class. Therefore, vegetation does not only mean pure 
vegetation as it includes all the points reflected with different objects (e.g., noisy points 
on ground, cars, bridges, towers, buildings, lamp posts, etc.) since the classification is 
based on height difference from ground surface. These objects need to be reclassified 
further. Similar parameters were used for the vegetation classification of the two study 
areas. Points less than 0.20 m from ground surface are classified as low vegetation, 
0.20 to 2.00 m medium vegetation, and greater than 2.00 m is in the high vegetation 
class. The building points were then classified based on the high vegetation points. 
Other objects such as bridges and towers were manually classified.

3D building modeling

Further processing of LiDAR data is the generation of 3D building models. 
The models were created in some parts of Palangkaraya using Terrascan’s building 
vectorization tool. It is a semi-automatic tool which detects planes within the building 
points. Depending on the results, the operator needs to edit or accept the roof planes 
that were detected. Different options were tested in order to have the best results. The 
3D building models were visually compared to the generated orthophoto and stereo 
compiled roof boundaries.

Class number Class Description

1 Default Unfiltered / unclassified points

2 Ground Ground points

3 Low vegetation Objects < 0.2 m above ground

4 Medium vegetation Objects 0.2 – 2.0 m above ground

5 High vegetation Objects > 2 m above ground

6 Building Building roof points

7 Low point Outlier / bad points

8 Model key point Key points for ground model

9 Bridge Bridge points

10 Tower Tower points

11 High point Outlier / bad points

Table 1. LiDAR point classes.
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Orthophoto generation

Orthophoto generation was investigated using the exterior orientation 
parameters provided by the surveying company. The required GCPs were taken in the 
LiDAR data. A total of 56 GCPs were measured (Fig. 5). Most of the GCPs were located 
along road intersections since they are easy to find. But it is only an approximate 
measurement because the true road intersection is difficult to locate particularly for 
wide roads. To make it as accurate as possible, a shaded surface was created from 
the ground points and it served as a background to the DTM. Road centerlines were 
digitized based on the shaded surface for fast recognition of road intersections. A 
unique point number was assigned for each of the GCPs for identification purposes. 
Some points that are in the corners of a structure were also selected, in case there is no 
road intersection in the area. Figure 6 shows an example of one of the GCPs selected 
from LiDAR points. After GCP measurement, an automatic aerial triangulation was 
executed. Results were analyzed and GCPs and tie points were checked with the 
highest residuals. Remeasurements of GCPs and additional tie points were manually 
added in areas with poor connections particularly in forested areas in the upper part 
of the block. Post-processing was then executed to re-adjust the block by applying the 
corrections. The final task is to produce a seamless orthophoto for the entire block. 

Figure 5. Distribution of ground control points (pink triangles).
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Results and discussion

Upon opening the LiDAR data file, coordinates of LiDAR points include the 
two digits UTM zone number in easting. This may lead to incorrect geospatial location 
of the data, thus linear transformation was carried out first in reading and importing 
the dataset in order to have the correct coordinates of points. Some files which are in 
the same track were merged while importing the points into the project and asigning a 
new flight number. There are no gaps observed within the project areas. Point density 
was measured at 1.6 points m2, thus 1 km X 1 km block was created for Palangkaraya 
area. This is similar in the Tangkiling area but with some blocks that were divided 
into two more parts because of the observed double flight pass along flight line 5 thus 
increasing the point density. A total of 36 and 56 blocks were created for the two 
study areas, each contains up to 3 million and 4.6 million points, respectively.

Relative height and planimetric offsets

Using section views, there were no big height offsets observed in Palangkaraya 
while big offsets between flight lines 14 and 15 were observed in Tangkiling as shown 
in Figure 7.

Further investigation using a profile in Tangkiling area confirmed big height 
offsets. A profile will show the shape of terrain surface along the selected alignment 
element. Figure 8 shows the two profiles drawn between those overlapping strips. 
The left picture shows the location of the two alignments element and the start section 
of the profile is in the right figure. Line AB represents overlaps between flight lines 
13, 14, and 16 while line CD represents overlaps in flight lines 13, 14, and 15. In the 
upper part (line AB) small height offset (approximately 2 cm) between flight lines 13 
and 14 was observed while both of them are approximately 16-20 cm higher than 

        

Figure 6. Example of a measured GCP: the enlarged view (a) of the GCP location 
               measured (b) and the corresponding location in the image (c).

(a) (b) (c)
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flight line 16. Meanwhile, a big height offset of about 1.4 m between flight lines 15 
and 13 and 14 (line CD) was also observed in the area. With the profiles shown and 
further analysis of profiles in other overlapping strips, it was found out that flight line 
16 is lower by around 16 cm and flight line 15 is higher by about 1.4 m with the rest 
of the strips. Based from these profiles, flight lines 15 and 16 were excluded from 
the project because it will just introduce height errors in the DTM generation and 
classification of points, thus leaving 15 strips for further processing in the Tangkiling 
area. 

Figure 7. Cross-section of big height discrepancy between flight lines 14 (gray) and  
               15 (yellow).

Figure 8. Profile along linear element.

Palangkaraya is a highly urbanized, flat terrain, with fairly dense point cloud 
and big overlapped regions. These increase the likelihood of having coincident and 
close by data points. Thus, height difference computation was done in straightforward 
approach. Considering the original data (i.e., unfiltered points), random samples 
approximately starting from left, then middle and right portion of each overlapping 
flight line of not less than 100 points over flat areas were selected (Fig. 9). There were 
27 areas for a total of 54 samples selected in Palangkaraya area. In each sample, 
total number of points, minimum and maximum heights were determined and the 
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mean and standard deviation of the elevation of points were calculated. The mean 
of each sample was subtracted to get the height difference. Figure 10 summarizes 
the computed height differences in overlapping regions. The X-axis represents the 
corresponding samples from left to right. For each pair of the overlapping strip, the 
height differences of the three collected samples from left to right are shown in the 
graph. Samples collected in each overlapping strips showed a variation of ±8 cm and 
±15 cm height differences in Palangkaraya and Tangkiling.

Relative planimetric offsets were randomly determined with manual 
measurements between two overlapping roofs. Table 2 shows the planimetric offsets 
measured on the selected building samples. Due to Microstation’s working unit settings, 
the minimum measurable unit is up to 1 cm only thus some of the results have zero 
values. Changing the settings will affect the previously created design file and may 
cause inconsistencies in the project, thus, the units are not modified. The planimetric 
shifts calculated based on the resultant diagonal varies from 10 cm to 70 cm.

DTM and classified points

Shaded relief surface of unfiltered (Fig. 11) and filtered (Fig. 12) points of 
Tangkiling area shows the successful elimination of non-terrain points likewise in 
Palangkaraya area. The highest elevation found in the unfiltered points is 178.36 m 
while in the filtered points, 164.48 m.

Summary of the total number of classified points is shown in Table 3. Based 
from the results, 20.96% and 13.74% were classified as ground points and 45.80% 
and 69.40% as vegetation points in Palangkaraya and Tangkiling, respectively. This 
only shows that Tangkiling is mostly covered with trees than Palangkaraya.

            Figure 9. Distribution of sampled points in Palangkaraya area.
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Sample # Location ∆X [m] ∆Y [m] Sample # Location ∆X [m] ∆Y [m]

01 FL 1 & 2 0.15 0.05 12 FL 5 & 6 0.28 0.45

02 FL 2 & 3 0.10 0.00* 13 FL 6 & 7 0.35 0.61

03 FL 3 & 4 0.17 0.29 14 FL 7 & 8 0.20 0.12

04 FL 4 & 5 0.30 0.11 15 FL 8 & 9 0.28 0.20

05 FL 5 & 6 0.09 0.22 16 FL 9 & 10 0.34 0.56

06 FL 6 & 7 0.41 0.21 17 FL 2 & 3 0.06 0.42

07 FL 7 & 8 0.31 0.21 18 FL 3 & 4 0.29 0.01

08 FL 8 & 9 0.10 0.05 19 FL 4 & 5 0.43 0.06

09 FL 9 & 10 0.30 0.15 20 FL 6 & 7 0.10 0.02

10 FL 3 & 4 0.02 0.05 21 FL 8 & 9 0.08 0.17

11 FL 4 & 5 0.46 0.24 22 FL 9 & 10 0.00* 0.00*

Figure 10. Strip overlaps height differences in Palangkaraya area.

Table 2. Relative planimetric offset results. 
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Figure 11. Unfiltered LiDAR. 

Figure 12. Filtered LiDAR (Digital Terrain Model). 

+178.36m
+157.68m
+137.00m
+116.32m
+95.65m
+74.97m
+54.29m
+33.61m
+12.93m

+164.48m
+145.54m
+126.60m
+107.65m
+88.71m
+69.77m
+50.83m
+31.88m
+12.94m
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Class
number Class

No. of points
Palangkaraya Tangkiling

1 Default 0 0

2 Ground 13,438,533 20,879,938

3 Low vegetation 11,786,732 28,077,295

4 Medium vegetation 12,787,174 42,583,353

5 High vegetation 21,910,767 83,997,301

6 Building 10,887,413 1,144,240

7 Low point 7,541 2,393

8 Model key point 1,788,032 3,937,442

9 Bridge 27,512 0

10 Tower 2,662 4,057

11 High point 64 132

Orthophoto

An orthophoto was first generated using the available exterior orientation 
(EO) parameters. The results showed misalignments between camera orientation and 
the given EO (Fig. 13). With the DTM generated from LiDAR, GCPs were measured 
and automatic aerial triangulation was performed in order to adjust the EO. The final 
sigma naught reached was 27 microns which is equivalent to 3 pixels, i.e., 27 cm 
on the ground which is approximately one-third of the average point distance of the 
LiDAR data. With the utilization of GCPs, acceptable EO parameters were achieved , 
leading to a seamless orthophoto (Fig. 14).

3D building models

Two options on Terrascan’s building vectorization tool, hole in the ground 
and fence element, were tested in 3D building modeling. Results indicated that manual 
editing is necessary as there are many incorrect roofs created. With a priori knowledge 
from other data sources such as orthophotos, realistic 3D building models can be 
created. In Figure 15, roof planes which are automatically detected were edited into the 
correct shape based on the orthophoto thus, creating the model (Fig. 16).

Table 3. Classified points statistics.
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Figure 13. Orthophoto generated with the given Exterior Orientation (EO).

Figure 14. Seamless orthophoto generated with the adjusted Exterior Orientation 
(EO).
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Figure 15. Detected roof planes (a) and final roof planes (d) after editing.

Figure 16. Isometric view of constructed 3D building models.

c. Manual editing d. Final roof boundary

b. Overlaid in orthophotoa. Detected roof planes
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 Assessment/Analysis

Having a big side lap, no gap was observed in both of the study areas. From the 
results of the different methods used in overlap investigation, variations of differences 
in height as well as in planimetry in overlapping areas were observed. Only the two 
crossing flight strips in Tangkiling area have big height difference compared with the 
rest of the strips that resulted in their exclusion from the project. Trajectories were 
needed in order to adjust the two crossing strips. It was the exact location of the laser 
sensor on the aircraft at the time of emission of laser pulse. No systematic behavior 
occured both in height and planimetry. This indicated that a strip adjustment was 
already conducted to correct systematic errors. 

Parameter tests were conducted in filtering and classifying points in both 
project areas that led to an appropriate setting.  Randomly selected checkpoints were 
also utilized for the test areas in order to verify the change in elevation based on the 
result of the different parameters used. Based on the results, smaller iteration angle 
and distance classifies smaller number of ground points. Increasing iteration distance 
alone increases also the total number of points. However, because the option to 
reduce iteration angle is enabled with an assigned value of 5 m, the total number of 
points was also reduced even increasing the iteration distance.

With regards to the checkpoints selected, big height difference shows that 
buildings and trees were filtered out. There was no significant change with the 
elevations from each of the generated DTMs with different parameters. The highest 
height difference measured was 3 cm while the others are all the same. It appears 
that the DTMs generated with different parameters are almost the same. A manual 
assessment using a shaded surface model was performed to ensure that optimal 
ground classification is achieved. Big color changes were visually checked as this 
may indicate wrong or insufficient classification. Based on the tests and visual checks, 
6° and 8° were selected for iteration angle with similar iteration distance of 1 m for 
the ground classification routine in Palangkaraya and Tangkiling, respectively.

It is also recommended to classify fewer points to ground than too many 
because it is easy to find and fix holes in the ground, likewise it is more difficult to find 
and fix low vegetation points which have been classified as ground. Some parts of the 
river have recorded laser reflection although water has a strong absorption of laser 
especially when the beam meets the surface perpendicularly. This could be caused 
by soil or other elements in the water. Another factor is the small water movement 
particularly on river curves. They were also classified as ground. Water points do not 
belong to ground surface. Those points need to be further classified into different 
classes except from ground points on the river. Overall, the filtering was successful 
in both areas. 
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As the criteria for vegetation classification relies on geometric characteristics 
of a point relative to its neighborhood, low vegetation class includes lots of 
misclassifications. This is because of the definition that points less than 0.2 m above 
ground is low vegetation points by which many points on concrete paved road were 
classified as low vegetation. Misclassifications are mostly in the overlapping areas 
which are due to different scanning angles. This is the reason why low vegetation 
points need manual classification. It would be better to classify it as overlapping 
points. 

Medium and high vegetation gave the biggest number of points because 
there is so much vegetation in the study areas. Everything from 0.20 m onwards is 
automatically classified into medium and high vegetation. There is a need for manual 
reclassification of other objects which are wrongly classified into this class. Additional 
data such as orthophoto is necessary in order to verify vegetation classification.

The results of building classification reveal that increasing the Z tolerance 
value increases the number of points into building class. But it also increases the 
possibilities of misclassification, in which some points in trees are being classified in 
the building class, especially in dense forest areas such as in Tangkiling. Occlusions, 
roof complexity and textures, and point densities also have great influence in building 
classification. It was also time consuming running the building classification for the 
whole project area (approximately 4 to 5 hours for Palangkaraya and Tangkiling, 
respectively, for a 1.86 GHz with 2GByte RAM PC). Figure 17 shows one block in 
Palangkaraya area using 0.15 m and 0.30 m Z tolerance. In the right figure, buildings 
which are not classified are encircled while on the left, trees in the middle of the road 
were misclassified. A total of 455,809 points using 0.15 m tolerance and 757,179 
points with 0.30 m tolerance were classified into building class for the block shown. 
Similar in Tangkiling area, the building macro was used for the whole area. The 
statistics showed that a total of more than 1 million points were classified into the 
building class. Upon visual verification with the use of an orthophoto, large number 
of points belongs to trees. Thus, manual editing was carried out in order to correct 
the misclassifications.

 
 Roof shapes generated from LiDAR were compared with stereo-compiled 
roof boundaries using aerial image. A more detailed roof shape is achieved with 
stereo-compiled roof boundaries such as the one illustrated in Figure 18. There was 
also a gap in the small lower left part while in upper left, small opening was ignored. 
Additional small details on top of roof were not detected also but it takes only a few 
minutes in the processing and editing the model. For a more complex roof, a labor-
intensive manual editing is necessary with the LiDAR derived roof boundary. This 
could be attributed to low point density and laser discrepancies between overlapping 
strips. 
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Conclusion

The handling and processing of LiDAR data proved to be relatively easy 
and quick to perform. Classification of points was done automatically except on few 
classes such as bridges, towers, and high points. In this case, manual intervention is 
necessary. Likewise, vegetation and building points require additional editing since 
some points are misclassified. In the aspect of DTM, it was successfully generated. 

Except for the two rejected strips in Tangkiling area (flight lines 15 and 16), 
because of big height discrepancies among the rest of the strips, the quality assessment 
conducted showed small variations of height and planimetric offsets (<0.15 cm) in 
overlapping areas. Corrections and adjustments could have been done if trajectories 
were available. No systematic behavior was observed in the study areas.

Thus, realistic 3D building models can only be achieved with higher point 
density. The limitation of the vectorization tool of Terrascan is that due to low point 
density, less planar surfaces are detected which require intensive editing. Complex 
roof types cannot be modeled appropriately compared with stereo-compiled 
approach. Orthophotos are also of great importance as a reference to have a correct 
and faster generation of the 3D building models. 

The orthophoto generated reveals that the integration of digital aerial camera 
and laser scanner produces fast topographic data even without the availability of 
GCPs. But more precise GPS and INS exterior orientation and GCPs are necessary 

Figure 17. Effects of Z tolerance settings.
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(a) (b)

(c) (d)

Figure 18. Comparison of simple building roof.
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to generate a seamless orthophoto. As demonstrated in this study, relying on exterior 
orientation provided by GPS and INS does not give sufficient results. Thus, as an 
alternative solution, LIDAR data was used as a source of control points producing 
seamless orthophoto provided that LiDAR is absolutely within the required standards.

 

Recommendations

To facilitate handling and processing of LiDAR data, service provider must 
provide the LiDAR data in standard LAS format, including additional information such 
as trajectory files and intensities. Not only is it needed in processing but it will ensure 
that all the data related to the project are not lost. 

Quality assessment should not only be limited on relative accuracies, thus, it 
is necessary to establish ground control points to serve as check points in determining 
absolute accuracy of the datasets.

Realistic 3D building models can be achieved with higher point density. 
This would mean adjusting the scanner’s pulse rate, scan angle, and flying height and 
speed.  

Large-scale base maps in the Philippines are produced using the conventional 
photogrammetry utilizing aerial photographs. This method for DTM generation is very 
time consuming and labor intensive particularly in obscured and heavy vegetation 
areas. Unlike LiDAR, highly accurate DTM in forested areas can be generated easily 
and quickly since laser pulse can penetrate through small gaps in forest canopies that 
automatically yield XYZ coordinates. LiDAR cost may vary depending on project’s 
application. Different factors must be taken into consideration in a cost-benefit 
analysis to determine the basis of a LiDAR project. As demonstrated in this study, the 
fusion or combination of LiDAR and photogrammetry will lead to fast production of 
geospatial data for different mapping and GIS applications. 

Factors such as data application, desired accuracy, terrain type, and land 
cover should always be taken into consideration in every LiDAR project. LiDAR 
technology can augment the system currently in use in mapping activities in the 
Philippines especially in the aspect of fast and high accuracy generation of DTM in 
forested areas.
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TIMBER PRODUCTION AND TIMBER PRODUCTS TRADE ARE AMONG THE 
important activities that provide livelihood to many people in the upland areas of the 
Philippines. Therefore, it is important that people and entities who are legally engaged 
in these activities and the institutions tasked to assist them have access to information 
that will help them find solutions to their common problems. This will enable the 
former to maximize returns from their efforts and the latter will be provided with 
inputs to design programs to improve the timber and timber products trade situation 
in the country.

 
There exists a situation where some producers and users of timber and 

timber products may not be aware of each other’s existence.  In some cases, timber 
producers are complaining of low demand for their products while some timber and 
timber products’ users are complaining of lack or inadequacy of raw material supply.

 
To contribute to a better timber trading situation in the Philippines, this study 

focused on the flow of timber and timber products among industry players. It looked 
at the current practices of all players, identified bottlenecks and other operational 
constraints as well as possible solutions as the products flow from producers to 
processors and to end users.  In addition, the study examined the trends on supply, 
demand, prices and quality of timber products. 

Review of literature 

Tuukka (1999), in his study of the Timber Trade and Wood Flow in Myanmar, 
examined three interrelated topics, as follows: general pattern of wood use and 
demand/supply in the country, timber trade to/from the country, and the role of forest 
industries in national industrial strategies. He noted that all natural forest resources 
are owned by the state and are managed by the Ministry of Forestry. Additionally, 
based on the Forest Law, all teak trees are state property, even on private land, which 
obviously discourages private investment in teak plantations. Likewise, he found 
out that the principal sales channels of logs are transparent and market-oriented. 
However, the sales arrangements for teak logs and other hardwoods differ from each 
other wherein all teak logs have to pass through Yangon depots which naturally led to 
a concentration of teak sawmills in and around the capital city. For other hardwoods, 
local forest authorities are entitled to arrange sales, only export logs need to go 
through Yangon depots. Pricing is based on competitive bidding by frequent sealed 
bids. There are some long-term contracts. In these arrangements, the price is not 
negotiated but based on the average of the prices paid in the past six months’ auction 
sales.
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He also noted that forest products are the main source of export earnings 
for Myanmar, providing 24% of the export revenue in 1996 and 1997 with logs 
dominating the export. The processed products provide only one-fifth of the total 
revenue. This may be due to: a) own processing provides more flexibility and b) 
inadequate quality of the produce from Myanmar mills. The main export markets are 
the neighboring countries such as India and Thailand.  

As far as wood supply-demand balance is concerned, Castren (1999) 
further noted that there exists an imbalance on the wood fuel supply and demand in 
Myanmar. This is the reason why the government embarked on large reforestation and 
fuelwood plantation programs. However, they have not been able to fully eradicate 
the problem. 

In the Philippines, on the other hand, a supply and demand balance for 
wood from 1990 to 2030 was derived as part of the Revised Master Plan for Forestry 
Development (RMPFD) which was completed in 2003  (FMB 2003). The model was 
developed through assessment of the extent of forest resources, trends on wood 
production, export and import and availability of raw materials. The average changes 
in demand and supply for the wood products for the period 1990 to 2000 were 
determined. These were then used to project the demand and supply for the years 
2005 to 2030 considering some adjustments (Table 1).  

 Scenarios 1990 2000 2010 2020 2030
Status quo scenario

Supply with imports 2503 800 1377 1842 1942

Demand 3492 1991 2466 3060 3805

Balance -989 -1191 -1089 -1218 -1863

Sustainable scenario

Potential supply 3807 3604 3588 3200 2924

Demand 3492 1991 2466 3060 3805

Balance 315 1613 1042 240 -881

Source: Revised Master Plan for Forestry Development (2003)

Table 1.  Projected supply and demand (‘000 cu m) for wood in the Philippines.

Based on the model, the supply and demand figures for 1990 and 2000 are 
accordingly, actual data while figures from 2010 to 2030 are projections based on 
the model. For the purpose of projecting the supply, two scenarios were considered: 
1) the status quo which is based on the current trend, without interventions and                      
2) the sustainable scenario which refers to the outcome that happens if the prescribed 
interventions of the RMPFD are implemented. The demand projection is based on 
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2000 consumption figures and the projected population with some adjustments. The 
demand projections for the period 2010 to 2030 are the same for both the status quo 
and the sustainable scenario. 

Under the status quo scenario, supply is on an increasing trend during the 
planning horizon (2000-2030) but at a diminishing rate. More specifically, the volume 
of supply under this scenario increases by 72% from 2000 to 2010, 34% from 2010 to 
2020, and 5% from 2020 to 2030. On the other hand, under the sustainable scenario, 
supply is on a decreasing trend from 2000 to 2030 and the rate of reduction increases 
through same period. However, around 2022, demand overtakes the supply and the 
resulting deficit increases at an increasing rate. 

Overall, the results from the wood balance model of RMPFD clearly indicate 
that there is an increasing trend in demand from 2000 to 2030. However, in the 
case of supply, there is a seeming conflict between the status quo scenario and the 
sustainable scenario for the same period. According to the status quo scenario, there is 
an upward or increasing trend whereas if we go by the sustainable scenario, potential 
supply is on a downtrend.   

In 2000, Centeno, et al. conducted a study entitled Marketing Strategies for 
Selected Industrial Tree Plantation Species in the Philippines to analyze the market 
situation of an industry that grows and processes selected industrial tree plantation 
species (ITPS) in the Philippines.

The study showed that a mismatch in demand and supply existed between 
the plantation owners and the wood users since most processors still prefer to use 
dipterocarp species from natural forests. Processors using plantation species generally 
prefer sourcing their log requirements from large tracts of contiguous plantations. 
Thus, small farmers need to attain economies of scale by organizing themselves 
to supply the raw material requirements of the wood industry. Effective marketing 
intermediaries are also needed as plantation owners generally practice poor marketing 
strategies. All of these recommendations can be supported by an information database 
that will show their current and future capacities to supply timber, their location, as 
well as, the needs of existing wood processors and users.

Methodology

Data used in the study were derived from the results of a nationwide survey 
that was conducted among the different industry players. Survey instruments were 
prepared based on the outcomes of the pilot testing conducted to industry players in 
Regions 3, 4A, 11 and CARAGA. 
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In determining the sample for the survey, industry players were categorized 
into producers, processors, consumers and agents. These categories were further 
stratified by sizes – small, medium and large, based on area for the producers, 
production capacity for the primary and secondary processors, and volume bought 
for the consumers. The sample size was determined assuming a sampling error of 5% 
and a confidence interval of 95%. 

A total of 649 timber industry players comprised the survey sample from the  
16 regions nationwide. This consists of 143 timber producers, 313 processors, 143 
dealers, 30 construction firms and 20 categorized as others.

The survey included the processes each trade player undergoes, procurement 
of raw materials, price setting, sources of information, marketing strategies and 
problems encountered in their respective operations. The survey also looked into the 
perception of the industry players with respect to policy environment, supply and 
demand, wood quality and price, and explored the willingness of these players to 
establish a marketing information system through the internet.

Descriptive statistics such as frequencies, percentages and means were used 
in data analyses. Trend estimation was also used, specifically to determine the supply 
and demand trends of timber and timber products for the next 10-20 years.  

Results and discussion

Timber and timber products trade flow

Raw materials and products flow

Figure 1 shows that the processors, dealers and construction firms have the 
same suppliers of raw materials. Although the buyers of their respective products 
differ, it is observed that the flow of the timber and timber products is generally 
consistent with the universal supply chain (i.e., buyers from producers are processors 
and lumber dealers; buyers from lumber dealers and processors are households and 
other lumber dealers). Moreover, the type of materials supplied and products bought 
vary depending on the nature of operation of each user. As expected, processors 
demand an extensive range of raw materials and at the same time, provide the most 
diverse products among all industry players.
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Current practices of industry players

It is expected that timber producers go into plantation development for the 
income that it can generate. This is revealed in the survey in which commercial 
purpose is the main motivation for plantation development in the country (Table 
2). Moreover, these producers are dictated by the demand, availability of planting 
materials and site suitability for the type of species they want to plant in their areas. 
Price of planting materials, on the other hand, is not a factor in choosing the species 
for plantation. The inelasticity of the price of planting materials relative to choice of 
species implies that there is probably a short supply in the planting materials that 
producers have no choice but to utilize the available species, without considering 
the prices. 

Table 2. Reasons for plantation development in the Philippines.

Factor
Degree of importance

Average rating
0 1 2 3 4 5

Commercial 10 1 0 10 8 72 4.2

Environment 23 1 4 18 12 43 3.2

Government policy 38 1 7 7 9 38 2.6

Household consumption 40 1 9 13 13 21 2.2

On financing plantation development, results of the survey showed that 
the main source of funding is through personal funds followed by funding from 
organizations or own company and the government (Table 3).

Table 3. Sources of fund for plantation development (in % distribution of respondents).
Classification Source of fund

Personal Organization Government Loan
CBFMA 8 65 13 14

IFMA 25 58 17 0

ISF 49 0 51 0

PLTP 83 17 0 0

PTPOC 94 5 1 0

Titled Land 97 0 0 4

TLA 98 0 2 0

Tree Farm 83 3 12 2

Overall average 75 14 8 3
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Most of the private tree farms operate using their personal funds while the 
Integrated Forest Management Agreements (IFMA), Timber License Agreements (TLA) 
and some Community-Based Forest Management Agreements (CBFMA) are mostly 
funded by organizations since they mostly operate these areas. Some Integrated 
Social Forestry (ISF) projects and CBFMA are funded by the government. The sources 
of financing vis-à-vis type of plantation indicated that plantation development as an 
investment either has not attracted potential financing institutions or investors are 
too risk averse to avail loans from these institutions even though tree plantation is 
perceived by most producers as a profitable venture.

Based on the perception of the industry players, price is a significant  factor 
in the acquisition of raw materials followed by quality, demand and availability of 
supply in the aspect of timber processing. The overall importance given to the said 
factors implies good business sense on the part of the industry players. Both price and 
quality are significant variables in determining the price of the timber products while 
the availability of raw materials would ensure that these materials are sufficient and 
match the requirements of the market. 

Industry players utilize different strategies in marketing their products. Table 
4 shows that producers use personal solicitation while processors employ personal 
promotion to market their finished products based on the industry players’ degree of 
use of the strategies. The criteria for setting the selling price, however, are generally 
the same across industry players such that prevailing price, margin for profit and risk 
and buyer’s price are the common bases for price setting. These criteria, however, 
carry different weights depending on the group such that prices of producers are 
heavily influenced by the buyer’s price while it has minimal effect on the prices of 
processors and dealers. Instead, margin for profit and risk weigh heavily on the prices 
of the said industry players.

Table 4. Marketing strategies employed by producers and processors.
Group Strategy Degree of Use*

(Average)
Producers Ads, flyers, web 0.2

Membership in organizations 0.5

Personal solicitation 3.4

Dealers/Agents 0.5

Direct selling 0.3

Processors Ads, flyers, web 1.1

Membership in organizations 1.7
*Scale 0 to 5 refer to the degree of use. 0=least frequently used and 5=most frequently used.
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Group Strategy Degree of Use
Personal promotion to buyers 2.9

Dealers/Agents 1.1

Showroom 2.0

Trade fairs 1.3

Niche marketing 0.8

Table 4. Continuation

Various tools are also employed by industry players in coping with 
competitors. Results for producers, however, show that use of tools to cope is not 
prevalent. In contrast, processors and dealers appear to have more experience in the 
use of tools or strategies (e.g., quality, incentives and price).

Information availability, needs and access

Sources of information about raw materials are mostly the suppliers of raw 
materials themselves, direct contacts or agents. For processors, their most frequently 
used sources of information are timber producers, followed by direct contacts, and 
agents. For dealers, the most common sources of information are direct contacts, 
followed by timber producers and wood producers. For construction firms, direct 
contacts and newspapers are the more common sources. Internet or paid advertisements 
through radio or local bulletin and newspapers, however, are not popular media to 
acquire information on raw materials. This implies that these types do not have the 
required information or that these are not readily accessible or available to these 
industry players.

Even with minimal internet use among industry players, results of the 
survey indicated that majority (63%) of them is interested in using the medium to 
acquire information on raw materials as well as on type of product, dimension, price, 
availability and reliability of suppliers.

Constraints in timber trading

The most common problems encountered in plantation development and 
maintenance are financial, technical, squatting, peace and order and forest fires. Table 
5 shows the complete list of problems in plantation development. Financial issues 
include the inadequacy of capital resources for the establishment and maintenance 
of plantations, harvesting and marketing of raw materials. This problem is further 
aggravated by the fact that these plantations are mostly financed through personal 
funds. Technical problems, on the other hand, include the sourcing of raw materials, 
care and maintenance of plantations, harvesting and mensuration. Squatting and peace 
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and order constrain tree farmers from developing the areas and impede maintenance 
and harvesting activities while forest fires result in direct financial loss to farmers. 

 
Processors, dealers and construction firms also listed the problems they had 

encountered in material acquisition and results showed that price and quality are 
the dominant problems as illustrated in Table 6. To determine the said problems, 
the respondents ranked the different problems according to their importance (0 to 
5, 0 as the least important and 5 as the most important). The average rating was 
determined to show the general perception of the respondents vis-à-vis the problems 
they encountered in resource material acquisition. It is not surprising that price turned 
out to be the most important problem to all key players in their procurement of raw 
materials since the price of the raw materials will have an impact on the profit. 

Issues related to financing are the major problems encountered by producers 
in marketing their products. These include inadequate financial resources both for 
harvesting and semi processing of timber and distribution of products. Limited market 
and low prices are also problems faced by producers due to few buyers of timber and 
the inaccessibility of producers to the market and processing plants.

In addition, there are some government policies that posed constraints in 
timber trading as pointed out by the industry players. These include: a) uncertainties 
brought about by the logging moratorium and the possibility of suspension or 
cancellation of licenses or agreements, b) export bans, c) transport restrictions,                                                 
d) slow processing of documents, and e) too many checkpoints. These policy 
constraints and regulatory issues also contribute to the weak timber trade situation.

Issues Share (%)
Financial 27

Technical 18

Squatting, peace and order 18

Forest fire 11

Weather-typhoon, drought 8

Pests and diseases 6

Accessibility 4

Boundary conflict 2

Timber poaching 2

Water supply 2

Stray animals 2

Table 5. Common issues in plantation development.
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Trends in demand and supply

Trends in wood demand and raw material supply

Converting the lumber and plywood production into their log equivalent, 
the demand trend for both lumber and plywood shows that there was an increase in 
demand for both timber products as shown in Figure 2.

For the said period, lumber demand exhibited an upward trend. Demand 
for lumber improved by 61% or an average annual increase of 10%. The plywood 
demand, on the other hand, exhibited an upward  trend but at a slower rate compared 
to lumber. During the same period, plywood demand increased at an average yearly 
reduction of 0.3%. Although both demands are increasing, the trend for lumber 
implies a higher growth per year. 

Raw material supply, on the other hand, was  declining from 1998 to 2008 
given the trend of local log production which posted a growth of 5% (Fig. 3) and the 
relative contribution of local production and imports to total volume of raw materials. 
Imported raw materials was declining in the same period with an average negative 
growth of 14%.

Perception on current trading situation

Industry players also revealed their assessment of variables affecting the 
trading environment in the country: a) policy environment, b) supply (local and 
imported), c) demand (local and export), d) wood quality (local and imports), and                              
e) wood price. Results showed that majority of the industry players perceived that the 
policy environment is the same, good or better with producers having the most positive 
perception. Even with the observation that raw material supply is declining over the 
years, industry players believed that wood supply is sufficient. It is understandable 

 
Table 6. Problems in resource material acquisition (Average Rating).

Group
Problem

Price Quality Distance Sustaina-
bility Gov’t Policy

Processor 3.10 2.70 1.60 2.30 2.30

Dealer 3.20 3.00 2.00 2.60 2.30

Construction 3.50 3.00 1.70 2.30 2.20

Average 3.27 2.90 1.77 2.40 2.27
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Figure 2. Apparent demand for lumber and plywood from 1998 to 2008.

Figure 3. Log production from 1998 to 2008.
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that producers provided the positive perception given that they are the source of the 
raw materials while processors, dealers and construction firms believed otherwise.

Wood demand, on the other hand, is perceived favorably by the majority of 
the industry players with 69% believing that local demand is either the same, good 
or better. There is also a favorable perception on export demand with 63% viewing 
it positively. On the average, 4 out of 5 industry players believed that local wood 
has better quality compared to imported ones. Industry players are in split decision 
on their perception of wood prices. Fifity-four percent (54%) provided a favorable 
response while 46% viewed wood prices as either uncertain, bad or worse.

In general, respondents who want to expand their operations are in the 
minority. Only 46% of processors indicated willingness to expand provided certain 
conditions are satisfied such as favorable market, sustainable supply of raw materials, 
availability of capital, as well as favorable government policies. For dealers, 6% 
indicated that they are definitely expanding, 13% said they are most likely to expand 
while the rest (81%) are either uncertain, less likely or not expanding at all. In contrast, 
9% of construction firms is definitely expanding, 41% is most likely to expand, while 
50% said they are either uncertain, less likely or not expanding at all. The fact that a 
number of respondents are still planning to expand despite the perceived unfavorable 
trading environment is a good sign.

Perception on the five-year outlook of trading situation

On the aspect of the policy in relation to the trading situation, a significant 
number of respondents expressed very pessimistic views of the outlook over the next 
five years with 43% viewing it as uncertain, bad or worse. This observation also holds 
true to the industry players’ outlook to wood supply, both in local supply (65%) and 
import supply (60%). This result is in contrast to the current perception of the industry 
players that wood supply is viewed favorably.

The five-year outlook of the local wood demand is perceived to be more 
favorable than export demand. Sixty-four percent (64%) of the trade players believed 
that local demand will either remain the same or good or better while 36% indicated 
that it will be uncertain, bad or worse for the next five years. On the other hand, 
export demand is viewed to be unfavorable over the next five years with 53% of 
respondents believing that it is going to be uncertain, bad or worse.  

Unlike local wood supply which is perceived to get worse, local wood quality 
is generally perceived to be favorable with 70% of the industry players believing that 
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local wood quality is either going to remain the same or will turn good or better. The 
most favorable perception is given by producers with 85% anticipating that it will 
either remain the same or will be good or better. Processors, dealers and construction 
firms have generally the same positive views as the producers. 

As for wood price, industry players across groups are generally not in 
agreement about the five-year outlook of wood price. Majority of producers (64%) 
believed that it will stay the same or will be good or better. At the opposite end are the 
construction firms where 73% of the respondents are saying that it will be uncertain 
or will be bad or worse.  

Conclusion 

Results of this study showed that although there are a variety of problems in 
timber trade, the two major causes of the weak trading situation and problems in the 
flow of products to end-users are caused mainly by financial constraints and limited 
access to and sharing of information among industry players. 

Industry players recognize that lack of financial support, in plantation 
development, material acquisition and marketing aspects, limits their capacity 
in timber trading which further result in foregone opportunities to expand their 
plantation/operations or improve the quality of timber and timber products.

The limited access and sharing of information, on the other hand, is 
manifested in a number of issues such as: a) a main factor that influences tree farmers’ 
choice of species is the availability of planting materials instead of market demand; 
b) information about raw materials for all industry players are sourced mostly through 
direct contacts; c) producers are facing technical problems in areas of proper selection 
and care of planting stocks, appropriate nursery and silvicultural practice, plantation 
management, harvesting and cutting to marketable sizes, and lack of measurement 
standards; and d) some producers complain of very limited market whereas processors 
are saying that there is very limited supply.

In addition, certain policies and regulatory issues aggravate the situation such 
as: a) uncertainties brought about by the logging moratorium and the possibility of 
suspension or cancellation of licenses or agreements, b) export bans, c) transport 
restrictions, d) slow processing of documents, and e) too many checkpoints.

The study showed that there is a definite downward trend in supply of raw 
materials.  Sixty-five percent (65%) of industry players surveyed believed that supply 



67Timber and timber products trade flow 

is either going to be uncertain, bad or worse in the next five years. There is also a 
downward trend in the demand for lumber. However, 64% of the industry players 
think that within the next five years demand for wood products is going to be the 
same or turn good or even better. Meanwhile, 70% of industry players are saying that 
local wood quality will either remain the same, turn good or even better.

Despite these issues, there are some bright spots in the timber and timber 
products trade: (i) majority of the industry players are interested to use a website as a 
medium for accessing and sharing information; (ii) 90% of the producers believed that 
tree plantations are a profitable investment; and (iii) some industry players, though a 
minority, are planning to expand their businesses.

Recommendations

To achieve the overall objective of strengthening the timber and timber 
products trade flow situation in the Philippines, it is proposed that industry players 
be empowered with relevant information and conducive policy and institutional 
environment for timber trade. The following specific measures are proposed:

1. Information accumulation, access and sharing
a. Establishment of a website wherein web-based market information 

database may be accessed and shared freely.
b.  Provision of a system for periodic update and quality control of 

information or data posted in the web.
c.  Establishment of an effective monitoring system for the prices of 

different timber and wood products.
d.  Provision of a system for the periodic update of costs of timber 

production and harvesting, transportation, processing, marketing 
and distribution, and other transaction costs of moving timber and 
wood products.

e.  Strengthening the aspect of information, education and 
communication on timber and timber products.

2. Policy and institutional development and other support mechanisms
a.  Review of policies impeding the movement of timber and wood 

products. Policies should be reviewed to address concerns of 
industry players and more importantly, creating a more facilitating 
movement of products which could result in minimized transport 
cost.

b.  Reduce uncertainty through more stable and predictable policies.  
This will respond to the general perception on the policy environment 
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wherein industry players view timber trade with some degree of 
pessimism.

c.  Improve access to financing for plantation development and related 
activities. The availability of financing support will help increase 
plantation development activities, improve quality of timber and 
avoid situations where tree farmers are taken advantage of. To pave 
the way for better access to financing for tree plantation, there is a 
need to link tree farmers to government financial institutions and 
potential investors. 

d.  Review grading rules and develop product standards. A better 
understanding of the grading rules and adherence to the appropriate 
timber product standards will be beneficial to all players given the 
conflict experienced, specifically on the aspect of pricing.

e.  Develop a system or facility for providing technical as well as 
marketing assistance to industry players, especially tree farmers. 
This system can initially be set up through the Forest Management 
Bureau with support from interested donors and in collaboration 
with nongovernment organizations. It may include two areas for 
assistance: a) technical and b) setting up of demonstration farms.

f.  Explore the possibility of establishing a wood industrial park. This 
concept will help address a number of issues (e.g.,  financing, 
transport, marketing and distribution) faced by timber industry 
players and at the same time open up a range of economic 
opportunities for small and big investors in timber and wood-
products trading.
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This study investigated the effects of various background conditions 

typically found in mangrove communities on the relationships on various 
spectral vegetation indices and leaf area index. ASTER image was used to 
identify/classify mangrove areas within the study area. Mangrove canopy 
spectral reflectance and leaf area index (LAI) were measured in the field using 
a spectrometer and Photosynthetically Active Radiation (PAR) sensor. These 
data were then used to calculate Spectral Vegetation Indices such as NDVI, 
SAVI2, and OSAVI. The relationships between several spectral vegetation 
indices measured from the field and derived from ASTER image and field LAI 
have been assessed particularly the effects of background variation typically 
found beneath mangrove canopies. As expected, soil influences are prevailing 
in partially vegetated canopies, they are more significant in LAI below 1.5. 
Based on the correlation coefficient, the vegetation indices which consider 
soil parameter normalized the soil-background effects such as SAVI2, OSAVI, 
with corresponding regression coefficient of 0.81, 0.74, respectively. Based 
on the result of 3D plot of SMA over various types of vegetation indices, 
SAVI2 turned out to be sensitive to background or substrate variations in 
almost all types of substrates.

 
MANGROVES ARE TREES AND SHRUBS FOUND ALONG TROPICAL AND SUB-
tropical coastlines where the sea and freshwater mix. These important ecosystems 
are biologically diverse and fragile and are now severely threatened due to human 
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activities in the coastal zone. While there is an urgent need to manage, restore and 
rehabilitate remaining mangrove areas, these interventions are either short-sighted or 
severely constrained because of insufficient information on the current biophysical 
conditions of mangrove ecosystems (Primavera et al. 2005). Vegetation indices (VIs) 
derived from satellite data are one of the primary sources of information for operational 
monitoring of the earth’s vegetative cover. These indices are radiometric measures of 
the spatial and temporal patterns of vegetation photosynthetic activity that are related 
to canopy biophysical variables such as leaf area index (LAI). LAI is defined as half 
the total area per unit ground surface area which is an important parameter needed 
for many physiological and ecosystem studies. 

Most vegetation indices have been designed to be sensitive to vegetation but 
insensitive to other variables affecting the remotely sensed signal. These VIs do not 
involve any external factors other than the measured reflectance, such as Normalized 
Difference Vegetation Index (NDVI) (Rouse 1974). These indices have performed 
well in many applications but were also found to have limitations because of their 
sensitivity to different substrates (Huete 1988). 

Several soil adjusted vegetation indices are developed to minimize and 
reduce soil background effects particularly at sparse vegetation and low leaf area 
index such as Soil Adjusted Vegetation Index2 (SAVI2), and Optimized SAVI (OSAVI) 
(Huete 1988, Rondeaux 1996). 

Mangroves LAI might be over or underestimated due to a wider range of 
variation in background conditions and over a tidal cycle at a specific location. Aside 
from being inundated during high tide and dry during low tide, mangroves also grow 
in various types of substrates such as white sand and dark muddy soil. Therefore, it 
is important to systematically investigate these influences of variations in background 
reflectance properties, created by different background types and changes in moisture 
content or inundation, on the relationships between spectral indices and canopy 
biophysical properties in order to identify robust predictive approaches (Phinn et al. 
2003). The influences of substrate conditions on mangroves have been previously 
tested in simulated conditions (Diaz and Blackburn 2003) but not in real-world 
mangrove forests or stands.

This study examined the effect of the variations in background conditions 
typically found in mangrove communities and on their relationships on various spectral 
vegetation indices and LAI. Specific objectives were: to investigate and understand the 
behavior of spectral vegetation indices in the presence of various background types, 
moisture and inundation, and to identify which vegetation index would appear to be 
the most robust for estimating canopy biophysical properties of mangrove forests in 
an operational remote sensing scenario for monitoring mangroves.
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Review of literature

NDVI was introduced by Rouse in 1974 to produce a spectral VI that 
separates green vegetation from its background soil brightness using Landsat MSS 
digital data. It is expressed as the difference between the near infrared and red bands 
normalized by the sum of those bands. It is the most commonly used VI as it retains 
the ability to minimize topographic effects while producing a linear measurement 
scale. Furthermore, the measurement scale has the desirable property ranging from -1 
to 1, with 0 representing the approximate value of no vegetation, and negative values 
represent water or inundated surfaces. 

SAVI2 was developed by Major (1990) based on the theoretical consideration 
of the effects of wet and dry soils and is superior to the NIR/red ratio, the perpendicular 
vegetation index and a soil-adjusted vegetation index (SAVI). 

 A minor, but potentially important, variation to SAVI has been proposed by 
Rondeaux (1996) and it is called Optimized SAVI (OSAVI). OSAVI is an approach to 
optimize the adjustment factor for general applications resulting in a recommended 
adjustment factor of L=0.16.

 Leaf Area Index (LAI) is defined as the total one-sided area of all leaves in 
the canopy within a defined region (m2/m2). LAI is an important structural parameter 
for quantifying the energy and mass exchange characteristics of terrestrial ecosystems 
such as photosynthesis, respiration, transpiration, carbon and nutrient cycle, and 
rainfall interception (Chen et al. 1996). Direct measure of canopy LAI is relatively 
accurate but extremely laborious and destructive. Thus, it is practical to measure LAI 
only on limited experimental plots. Remote sensing techniques, particularly the use of 
satellite imagery, have been used to measure LAI on a landscape scale or even global 
scale (Running et al. 1989). With remote sensing techniques, scientists have made 
progress in developing methods that correlate remotely sensed data with regional 
estimates of a number of forest ecosystem variables, including LAI, absorbed fraction 
of photosynthetically active radiation (fPAR), canopy temperature, and community 
type. In the past three decades, the traditional broadband vegetation indices (VIs), 
such as the Thematic Mapper (TM)-derived normalized difference vegetation index 
(NDVI), have been widely applied to estimate canopy LAI (Chen et al. 1996).
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 English (N/A) proposed a calculation method to provide an estimate of canopy 
LAI. This index can be multiplied by the average rate of canopy photosynthesis to 
provide an estimate of net canopy according to the relationship:

Where:
LAI = leaf area index (m2 leaf area per m-2 ground area)
I = photon flux density beneath the canopy
Io = photon flux on the top of the canopy
K = 0.525-canopy light extinction coefficient that is determined by the angle   
     and spatial arrangement of the leaves
 = Sun Zenith Angle (calculated from time, date, location)

 This equation allows the direct estimation of leaf area index from the ratio of 
light flux density below and above the canopy (I/Io), and the canopy light extinction 
coefficient, k. The ratio, I/Io, is measured using the same techniques as that described 
by Bunt (N/A). However, English (N/A) recommends that the value of k used to obtain 
an estimate of LAI should be 0.525. This is based on a number of studies which 
showed that k commonly lies between 0.4 and 0.65 in mangrove canopies, with an 
average of about 0.5. Using a value for k=0.525, and values for Ic/Io obtained from 
field measurements, it is possible to obtain an estimate of LAI.

Methodology

Study area

The study area is located in Taklong Island National Marine Reserve 
(TINMAR) in Nueva Valencia, province of Guimaras (Fig. 1). The geographic location 
of the area lies within 10º24’ to 10º26‘N latitude and 122º29’ to 122º31.15’ E 
longitude. Based on previous inventory conducted by UP Visayas, there are about 22 
types of mangrove species commonly found in the area in which majority belongs to 
Rhizopora, Avicennia and Bruguiera families.   

Data gathering  

Image processing

ASTER (Advance Spaceborne Thermal Emission and Reflection Radiometer) 
image taken on April 13, 2005 was used in this study. ASTER has a total of 14 bands, 
3 in visible near-infrared (VNIR), 6 in shortwave infrared (SWIR) and 5 in thermal 

I
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infrared (TIR) with 15 m, 30 m, 90 m resolution, respectively, but only VNIR and 
SWIR were used in this study. The exact boundaries of the study area were masked 
on the image to sub-set the area of interest. Then, the masked image was digitally 
classified to separate mangrove from non-mangrove (Fig. 2). Spectral vegetation 
indices were extracted from the ASTER image using the VI’s formula.

Field data collection

Pre-selected sampling sites within mangrove forest with different background 
conditions were subjected for simultaneous measurement of canopy spectra and light 
flux density (Fig. 3). These sites were selected based on various soil background, 
canopy closures and other mangrove conditions. Reflectance spectra were measured 
within each selected sample above the canopy using Ocean Optics™ Spectrometer. 
The system detects and records data with spectral range from 345 nm to 1047 nm. To 
measure the radiance, a fiber optics was attached to the sensor and was positioned 
just above the canopy. The spectrometer is connected to a laptop computer, which 
initiates the scanning procedure, graphically displays the reflectance values and stores 
the reflectance data. Prior to actual measurement, the spectrometer was calibrated 
using a “white reference panel”. This reference panel was measured twice at each 
sampling site before and just after the measurement. The average value was used in 
calculation of reflectance. Measurements of target radiance were repeated at least 
twice at each sampling site and the average value was used for the calculation. Data 
were collected close to solar noon, between 9:30 AM to 2:30 PM. All the gathered 
data were converted to Microsoft Excel format and the reflectance were calculated 
using the formula:

R =
      

Where: 
R is the canopy reflectance 
Lcanopy is the measured normal radiance above canopy (average)
Lpanel is the radiance measured for the calibration panel

The measured spectral reflectance was plotted using Microsoft Excel, 
reflectance on the X-axis and wavelength on Y-axis.  The average values of wavelength 
that corresponds with ASTER band 1, 2, 3 (Green, Red, NIR) were computed. These 
were used for the computation of spectral vegetation indices. Photons flux density 
was measured using PAR detector (Onset Applications). This detector was designed 
to detect photons between 400-700 nm in wavelength. The detector was mounted on 
a bracket with a pole and the cable was connected to data logger (HOBOTM by Onset 
Application). All the measured data were stored in the data logger. The instrument was 

L canopy

L panel
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positioned vertically outside the mangrove canopy to measure photon flux density on 
the top of the canopy (Io), then after several seconds the detector was positioned just 
about a meter above the ground/substrate to measure the photon flux density beneath 
the canopy (I). The time of measurements, location, canopy closures, and substrate 
conditions was noted in a field form. LAI was calculated using the formula introduced 
by English.

Calculation of vegetation indices from field spectral measurement

 Results of the mangrove canopy spectral measurements from the field were 
converted into Excel format and values corresponding to ASTER red and NIR bands 
were estimated through averaging.  With the Red and NIR reflectance obtained from 
the field and the soil coefficient values, vegetation indices were calculated based on 
the formula cited above.

 Vegetation indices are often used to predict LAI values and various studies 
have shown that VI values are well correlated with LAI. To determine the relationship 
between vegetation indices and in situ leaf area index (LAI), a polynomial regression 
lines was fitted. The relationships of these two variables were analyzed on the basis 
of the resulting correlation coefficient (R2). Correlation results were considered as 
basis in identifying which indices would appear to be the most robust for estimating 
canopy biophysical properties of mangrove forests in an operational remote sensing 
scenario for monitoring mangroves.

 Graphical presentation of Spectral Mixture Analysis (SMA) is based on the 
concept that the relative proportion of a few spectrally distinct components is what 
dominates the variance across a given remotely sensed scene.  In linear SMA, the 
spectral properties of a pixel are modeled as a linear combination of endmember 
spectra weighted by the percent ground coverage of each endmember.  The selected 
endmember in this study were coherent set of spectra that were representatives of 
physical components on the surface. In this case, the target objects were two mixed 
materials, a substrate as the background and a proportionally increased vegetated area 
as the foreground. Endmembers were obtained from substrate spectra that include 
various levels of inundation, wet sand and dry sand, and spectra of pure mangrove 
leaf.  The linear mixture model is based on following equations:

RNIR = fS x RS + fM x RM  and RRED = fS x RS + fM x R M

Where: 
RNIR and RRED = Reflectance value in NIR and Red wavelength
fS = Fraction coefficient of substrate
fM = Fraction coefficient of mangrove vegetation
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RS = Spectral reflectance of substrate component at a given wavelength
RM = Spectral reflectance of mangrove component at a given wavelength
fS + fM = 1

 The values derived from this equation were plotted in a graph, red on X 
axis and NIR on Y axis. The scatter plots were analyzed and evaluated based on 
spectral behavior of different substrates/inundation as vegetation-substrates fraction 
decreases or increases. This model is based on the assumptions that contributions 
from soil and leaf are functions of their exposed surface areas. The scatter plots and 
several vegetation indices were combined and interpolated using Surfer 7 (Golden 
Software, Inc.) to illustrate the effects of background variations or inundations on 
various vegetation indices.

Results and discussion

Mangrove classification using ASTER image and accuracy assessment

 Several image classifications algorithms (supervised and unsupervised 
classification) were applied on ASTER image VNIR and SWIR bands. Training 
areas (ROIs) were selected representing different land cover types to minimize 
misclassification. Support Vector Machine (SVM) algorithm of ENVI 4.4 showed the 
best result and were finally used to separate mangrove areas from non-mangrove.  
A total of four categories/classes were generated: mangrove, non-mangrove, water 
bodies and sand bars. It can be noted that sand bars are usually located on the western 
part of the islands. Based on field observations, the substrates in these areas/vicinities 
were generally white sand.

 A total of 50 sample points were obtained randomly on the classified image 
to assess its accuracy by comparing it with the reference data (Table 1). Out of 50 
sample points, only 45 were correctly classified. Hence, the overall classification 
accuracy is 90% (45/50 x 100).

Vegetation index maps from ASTER data

Vegetation index maps were constructed based on ASTER bands using the 
same formulation mentioned above. ENVI band math were used to calculate various 
VI formulas and Figure 4 shows the result.  All the 28 sample sites that were measured 
in the field were plotted on these images to determine correlation between VIs from 
ASTER image and field LAI.
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Field data measurement result

Field data collection was conducted last January 28-30, 2009 and April 20-25, 
2009. Field activities included reconnaissance survey, canopy spectral measurement, 
light flux density measurement and reflectance measurement of various substrates. A 
total of 28 sites were sampled and measured on field. 

Spectral signatures of mangrove canopy of the same type in terms of canopy 
closure sparsity over different types of substrate obtained from the field measurements 
were plotted to illustrate how substrate variations affect the overall reflectance of 
mangrove canopy. The spectral reflectance of mangrove canopy behaves differently at 
certain type of substrate. This might be the reason why mangroves with low LAI have 
the tendency to be misclassified due to background or substrate optical properties.  

The spectral reflectance and light flux density over/below the canopy of the 
28 different mangrove sites representing various substrate and canopy conditions 
were measured simultaneously. Calculations of LAI were based on mangrove canopy 
transmittance (computations were based on light influx over and beneath the canopy, 
constant k of 0.525 and sun zenith angle which is computed based on date, time and 
location of measurement). The results of light flux density measurement for over and 
below and calculated LAI are summarized in Table 2.

Vegetation Indices were also calculated based on spectral signatures 
measured from the field using spectrometer. The spectral values of Red and NIR bands 
were achieved by computing the average reflectance value within a wavelength range 
of an ASTER image (Red 630-690 nm, NIR 760-860 nm). The results of these VI 
computations are summarized in Table 3. These VI values were correlated with LAI 
values (measured from the field). A polynomial regression was fitted in each plot to 
show correlations. The result showed that SAVI2 exhibited the highest correlation 
value of (R2=0.81) followed by OSAVI (R2=0.74) and NDVI (R2=0.54). 

 Reference data
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Classes Mangrove Non-mangrove Sandbars Water Total
Mangrove 14   1 15

Non-mangrove 1 13 1  15

Sandbars  1 4  5

Water 1   14 15

Total 16 14 5 15 50

Table 1. The Confusion matrix of the classification using SVM.
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Site Computed 
LAI (m2/m2)

Vegetation indices
measured from the field

Vegetation indices from 
ASTER Image

SAVI2 NDVI OSAVI SAVI2 NDVI OSAVI
1 0.16862 1.7129 0.417 0.3998 1.83834 0.28834 0.21998

2 2.44542 4.3564 0.8556 0.7993 2.88432 0.48137 0.34933

3 0.63191 1.5591 0.5329 0.4283 2.05194 0.33861 0.2513

4 1.50595 3.137 0.8283 0.7101 2.33719 0.39562 0.2862

5 0.89557 2.6303 0.8555 0.6697 2.09131 0.34711 0.23995

6 2.18995 4.007 0.8679 0.7823 2.64776 0.44748 0.33219

7 1.06445 2.8786 0.658 0.6356 1.91533 0.30732 0.23433

8 0.30303 2.6567 0.7877 0.6547 1.71924 0.25685 0.14782

9 2.29013 4.7072 0.8135 0.8061 2.94923 0.48996 0.35479

10 0.48587 1.8438 0.7159 0.534 1.89964 0.30353 0.23755

12 1.0891 2.6243 0.6597 0.6117 2.21893 0.37322 0.24886

13 1.2469 3.1878 0.7078 0.679 2.41237 0.40905 0.31569

14 1.47843 4.2592 0.8229 0.7853 2.52809 0.42859 0.30222

15 0.51313 3.1317 0.775 0.695 2.12367 0.35393 0.23742

16 0.93598 2.4546 0.7805 0.6312 2.40826 0.40833 0.3019

17 2.18977 3.4592 0.8378 0.7379 2.79875 0.4696 0.34347

18 0.76719 2.2357 0.6409 0.5624 2.21252 0.37196 0.29697

19 0.58251 2.4303 0.6524 0.5888 1.93848 0.31283 0.2185

20 0.16279 1.718 0.7223 0.5164 1.8038 0.27949 0.16752

21 2.43215 4.3141 0.8875 0.8048 3.0448 0.50209 0.34285

22 1.17983 3.1974 0.8048 0.7088 3.09893 0.50871 0.35307

23 2.71058 3.6632 0.8972 0.7672 3.49949 0.55272 0.39794

24 3.73087 5.0655 0.8769 0.8389 3.49504 0.55228 0.40516

25 0.22244 2.6518 0.622 0.6009 2.15188 0.35977 0.23536

26 1.07534 2.7183 0.7176 0.6402 1.76152 0.26834 0.15964

27 3.3458 5.3226 0.8651 0.8468 2.58654 0.43797 0.29059

28 3.20256 4.3853 0.8423 0.7974 2.83474 0.47462 0.34835

Table 2.  Computed LAI from the field and vegetation indices from the field and 
from ASTER Image.
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After constructing vegetation indices maps from ASTER image, the geographic 
locations of all the 28 sites that were measured in the field were plotted on these 
vegetation index maps. For every sample site, values of VI were extracted and then 
correlated with  LAIs (from the field). A polynomial regression was also fitted and 
NDVI (R2=0.72) exhibited the highest correlation coefficient value followed by SAVI2 
(R2=0.70) and OSAVI (R2=0.67). These are also presented in Table 3 and Figure 5.

The endmembers used for Spectral Mixture Analysis were reflectance spectra 
of pure mangrove canopy and various substrate types including various levels of 
inundation. A total of seven substrate types were selected as variables that include 
dry sand, wet sand, 10 cm, 14 cm, 23 cm, 55 cm, and 85 cm depths. After applying 
the equations for spectral mixture analysis, the results were presented as a scatter plot 
(Fig. 6). In the red band, five substrate categories (dry, wet sand, 10 cm, 14 cm, 23 
cm depth) showed a similar trend of increasing reflectance with decreasing vegetation 
proportion. On the other hand, highly inundated substrates behaved differently, 
particularly in 85 cm depth where its red reflectance value decreased. In contrast, 
NIR reflectance of all substrate categories decreased with decreasing vegetation 
proportion.

To simulate and illustrate the effects of substrates/inundations variations and 
vegetation mixtures over several vegetation indices, three-dimentional plots were 
created using Surfer 7 software (Figs. 7-9). Yellow color in the plot represents high 
VI values, while green color represents low VI values. Figure 6 shows NDVI values 
at different vegetation-substrate proportion on various types of substrates. It can be 
observed that NDVI values decrease as vegetation percentage decreases on a dry sand 
substrate until 55 cm depth, while on highly inundated areas (85 cm depth) values of 
NDVI slightly changed are almost the same as vegetation proportion decreased. In the 
case of OSAVI and SAVI2 (Figs. 8 and 9), good response was observed. OSAVI and 
SAVI2 values decreased with decreasing vegetation percentage on all substrate types. 
However, SAVI2 is the most consistent among other indices because it seems that it is 
less affected by substrate variations particularly on highly inundated areas.

Vegetation indices Correlation coefficient (R2)
"in situ" spectra Aster image spectra

SAVI2 0.8106 0.706

OSAVI 0.7472 0.667

NDVI 0.5417 0.719

Table  3.  Comparison of Correlation coefficient (R2) obtained from the regression 
of LAI and VIs derived from in situ measurement spectra and ASTER 
image spectra.
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Figure 5.  Comparison of correlation coefficient (R2) obtained from the regression 
of LAI and VIs derived from in situ measurement spectra (column A) and 
ASTER image spectra (column B).
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Figure 7.  NDVI values at different proportions of vegetation 
and substrates over various substrate types.

Figure 8.  OSAVI values at different proportions of vegetation 
and substrates over various substrate types.
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Conclusion 

The relationships between several spectral vegetation indices and LAI have 
been assessed particularly the effects of background variation typically found beneath 
mangrove canopies. Based on coefficient of determination using data from the field 
for all substrate types and in situ LAI, the effects of background were moderately 
pronounced for NDVI, and the least affected was OSAVI (which consider soil/
substrate as parameter). Out of these three indices, SAVI2 got the highest correlation 
coefficient of R2=0.81 and seemed to be the best VI to assess mangrove LAI.

While examining the vegetation indices derived from ASTER image which 
were also correlated with field LAI, NDVI and SAVI2 appeared to be highly correlated 
with LAI with almost the same correlation coefficient values of R2=0.719 and 0.706, 
respectively. Among the indices obtained from both ASTER and “in situ” spectra, only 
SAVI2 performed best among vegetation indices because it was highly correlated with 
field LAI in both cases. Therefore, SAVI2 turns out to be the ideal or the most robust 
VI which can be used to calibrate LAI from an ASTER image.

The application of Spectral Mixture Analysis (SMA) demonstrated how 
mangrove canopy spectra behave at certain types of substrates at varying amounts of 

Figure 9.  SAVI2 values at different proportions of vegetations and 
substrates over various substrate types.
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vegetation. The result showed that while vegetation proportion decreases, VI values 
also decrease while red values increase at different levels of inundation over various 
substrate types. Based on the result of 3D plot of SMA over various types of vegetation 
indices, SAVI2 turned out to be less sensitive to background or substrate variation in 
almost all types of substrates including highly inundated areas. The rest of vegetation 
indices also performed well but only to a certain extent such as on dry areas and on 
substrates with less moisture.  

This study provided some insights in selecting suitable VIs to derive mangrove 
canopy biophysical properties across different substrate types. SAVI2 was found to be 
the best index that can remove the effects of background due to tidal inundation 
which is considered as a major problem in mangrove mapping. 

Recommendations

It is therefore recommended that SAVI2 be applied or further tested on 
mangrove temporal studies such as mangrove forest cover change detection and 
assessment. Also, further work is needed to test these findings on other situations 
where other factors are present such as the composite canopy response. The effects 
of sun/sensor geometry and the atmosphere on a remotely sensed signal should also 
be considered or investigated.
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The study aimed to evaluate the extent of implementation and level 

of people’s participation in four selected sites of Community-Based Forest 
Management (CBFM) projects in the province of Leyte, Philippines. Findings 
will serve as basis for proposed interventions toward the improvement of 
program implementation.  

The extent of implementation of the CBFM projects in terms of the 
rules and regulations under the Implementation Stage was perceived by the 
primary stakeholders or project beneficiaries as substantially implemented 
in the projects managed by CUFA-MPC, FSMIRAI and Mag-aso CBRMPSA, 
whereas fully implemented by PIAFDAI. Significant differences were 
established in the perception of the primary stakeholders in the extent of 
implementation of the rules and regulations among project sites. The 
perception of PIAFDAI project beneficiaries is significantly higher compared to 
CUFA-MPC, FSMIRAI and Mag-aso CBRMPSA. The secondary stakeholders, 
i.e., DENR implementers, LGUs and other assisting organizations perceived 
the extent of implementation of the rules and regulations in the CBFM 
projects managed by PIAFDAI, CUFA-MPC and FSMIRAI as substantially 
implemented whereas in the Mag-aso CBRMPSA it is perceived as partially 
implemented.
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The project beneficiaries perceived their level of participation in 
key CBFM activities as moderate by PIAFDAI and CUFA-MPC and low 
participation by the FSMIRAI and Mag-aso CBRMPSA beneficiaries. Highly 
significant differences were established on the primary stakeholders’ 
perception on their level of participation in activities, namely, application 
of silvicultural practices such as thinning, weeding, and assisted natural 
regeneration, plantation establishment, maintenance and protection in 
established plantations, livelihood activities, and forest product utilization.  

  
Participation or involvement of the four POs in CBFM key activities 

is not significantly related with age, gender, civil status, educational 
attainment, monthly income, household size and religion except for the 
gender of FSMIRAI members which is highly significant. 

The study drew some recommendations to improve the CBFM 
implementation which included the need for a strong coordination among 
CBFM primary (project beneficiaries) and secondary (DENR implementers, 
LGUs and other assisting organizations) stakeholders in all CBFM activities, 
the requirement for teamwork and concerted efforts of these stakeholders 
to ensure effective implementation and strengthen project beneficiaries’ 
participation, and creation of an effective and always functional  participatory 
monitoring and evaluation team composed of representatives from the 
DENR, POs, LGUs and other assisting organizations.

IN THE PAST, THE IMPLEMENTATION OF FOREST MANAGEMENT PROJECTS 
tended to apply the “top-down” approach which describes that the people act merely 
as an object and have no right and voice to make any suggestions about forest 
management activities.  In the Philippines, it was only in the 1970s when several 
people-oriented forestry programs started. More programs were implemented over 
the years, such as, the Family Approach to Reforestation (1979), the Integrated Social 
Forestry Program (1982), the National Forestation Program (1986), the Community 
Forestry Program (1989), and up to the emergence of the Community-Based Forest 
Management (CBFM) Program in 1995 which unites and integrates all people-oriented 
forestry projects. The International Tropical Timber Organization (ITTO 2006) notes 
that the Philippine government has put considerable efforts into the development 
of community forestry, but the success of this approach in restoring the country’s 
degraded landscapes and in increasing rural outcomes remains to be proven.

It can be said that the project may have been implemented, but the extent 
or level of involvement of the project beneficiaries is still to be determined. Program 
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evaluation has grown rapidly because information is needed to meet the obligation 
of providing effective services (Posavac and Carey 2003). As what Hansenfeld et 
al. (2002) point out, evaluation is important not only because it informs decision 
makers about whether the program is successful, but also because it is a major tool of 
learning. Evaluation can identify ways to improve the quality of the program. Thus, 
development workers untiringly pursue evaluation studies on various programs to 
generate valuable data for improvement.

This study therefore provides relevant information to the CBFM stakeholders, 
e.g., project beneficiaries as the primary stakeholders and the DENR implementers, 
local government units (LGUs), and other assisting organizations as the secondary 
stakeholders in improving the CBFM implementation. This investigation also 
stemmed from the clamor of concerned sectors to know the status of projects and the 
beneficiaries’ participation in the different CBFM activities.  

This study aimed to evaluate the extent of implementation and the level 
of people’s participation in four selected CBFM projects in the province of Leyte, 
Philippines. Specifically, the study sought to answer the following research questions:

1. What is the extent of implementation of the selected CBFM project sites 
as perceived by the primary stakeholders and secondary stakeholders in 
terms of the rules and regulations of CBFM project implementation?

2. Are there significant differences in the perception of the primary 
stakeholders in the selected CBFM projects on the extent of 
implementation of the rules and regulations?

3. What is the level of participation of the primary stakeholders in key 
activities of CBFM implementation as perceived by the primary and the 
secondary stakeholders? 

4. Are there significant differences in the perception of the primary 
stakeholders in the four CBFM projects on their level of participation in 
key CBFM activities?

5. Are there significant relationships between the project beneficiaries’ 
profile characteristics and the level of participation in the key activities 
in CBFM implementation?

6. What recommendations can be provided to improve CBFM 
implementation?
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Review of literature

 Stakeholders of development programs and projects have to do their roles 
to ensure the success of program implementation. Knowing what is perceived and 
observed by the stakeholders about program performance is a valuable input for action 
and decision. As quoted by Cherry (undated), perception is our sensory experience 
of the world around us and involves both the recognition of environmental stimuli 
and actions in response to the stimuli. Through the perceptual process, one gains 
information about properties and elements of the environment that are critical to 
survival. Perception does not only create experience, it allows us to act within our 
environment. For the CBFM program and other community development projects, 
some assessment reports on the implementation and people’s participation have been 
documented. 

 In the in-depth case studies done in six CBFM projects in the Philippines 
with two cases in each major island of Luzon (VIBANARA in Ilagan, Isabela and 
NAMNAMA in Caba, La Union), Visayas (KMYLB in Alcoy, Cebu and UMACAP 
in Capoocan, Leyte)  and Mindanao (SAMMILIA in Lianga, Surigao del Sur) and 
(NPPFRDC in Compostela Valley), Pulhin (2005) synthesized key findings wherein 
assessment focused on four aspects of CBFM, namely, organizational development 
and stability, livelihood, area development, and policy. As to organizational 
development and stability of the POs, continuous technical and financial support 
maintain the interest in CBFM and training was also a key component for successful 
implementation. However, livelihood support was ill-conceived and often not 
sustainable, and PO's financial management was poor. Positive impact was observed 
in forest area development and management. Policy and institutional support  remain 
weak due to problems such as internal inconsistency between the DENR structure 
and the needs and demands of CBFM, inefficiencies due to current functions of DENR 
offices at different levels, complex procedures and  restrictions imposed on harvesting 
in areas with resource use permits, insufficient implementation of progressive policies 
for the participation of NGOs, LGUs and other sectors, and weak monitoring and 
evaluation and  information system by DENR. 
 
 Active participation of stakeholders or project beneficiaries in development 
projects is necessary for successful project implementation. It somehow measures the 
attitude of the project participants in their implementation efforts towards achieving 
project goals. It is one of the critical components of success (Pretty et al. 1995) and  
the key to resolving conflicts between forest stakeholders and devising polices that 
do not threaten the rights of the specific groups among the poor (World Bank 2001).  
Some authors emphasized that the degree of stakeholder participation varies from 
country and project but the most effective approach in involvement in sustainable 
use, biodiversity conservation, forest protection and monitoring activities are those 
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designed at the local communities (GEF 2001; Lasco and Pulhin 2004). Provision of 
benefits and the determination to do forest management strategies served as motivation 
factors for people who participate in different activities in community forestry 
projects. For instance, Bambalan (2007) indicated that the farmers’ participation in 
the implementation of Community Forestry of the Quirino Foundation Incorporated 
was high because the project paid the labor of the PO members. Momongan (1997) 
stressed the CBFM experience in Region 11 that members of communities of Taytayan, 
Marayag and Napnapan together with the other sectors were active in stopping and 
apprehending illegal loggers in the area. Canonizado and Rebugio (2004) share  that if 
there is a high degree of participation among stakeholders in the CBFM development 
process, it is more likely that benefits derived would be more equitably distributed 
and that if PO members participate more actively in the development process they 
are more likely to be benefited than those who participate less. The authors further 
emphasized some facilitating factors in project management such as  the existence 
of highly trained professional staff, committed and vibrant leadership, transparency, 
harmonious relationship, presence of extensive and intact natural forest, and road 
networks. 

 On the other hand, limiting factors include centralized decision making, lack 
of capital, lack of experience and confidence of the PO in livelihood and enterprise 
development, lack of functional linkages with external support organizations, 
inadequate technical support from implementing organizations, and overlapping or 
inconsistent policies and regulations.

Theoretical and conceptual framework 

 This study was anchored on one of the sociological theories, the structural-
functional paradigm. According to Maciones (2002), the structural-functional 
paradigm is a framework for building a theory that sees society as a complex system 
whose parts work together to promote solidarity and stability. This paradigm points 
out the importance of social structure and looks for any structure’s social functions 
or consequences for the operation of society as a whole. Based on this perspective, a 
society is composed of interrelated parts, each of which serves a function and (ideally) 
contributes to its overall stability (Kendall 2002). In this study, the CBFM project 
beneficiaries are teamed up with the DENR implementers and other institutions 
like the LGUs and other assisting organizations as they attain sustainable forest 
management through the implementation of the CBFM program and projects. The 
project beneficiaries as the primary stakeholders of the CBFM play a significant role in 
program implementation together with the secondary stakeholders such as the DENR, 
LGU and assisting organizations.
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 As shown in Figure 1, CBFM as a program is the subject for evaluation in 
the four project sites in the province of Leyte, Philippines. Typically in this study, 
the provisions of DAO No. 29 series of 1996 and 2004 on the rules and regulations 
under the Implementation Stage of the CBFM strategy as well as the level of people’s 
participation in key CBFM activities serve as the criteria for evaluating the CBFM.  
The extent of implementation of the various rules and regulations is evaluated in 
terms of the stakeholders’ perception as to whether the rules and regulations are 
fully implemented, substantially implemented, partially implemented, and not 
implemented.  The level of people’s participation pertains to the extent to which the 
project beneficiaries as primary stakeholders involved themselves in the conduct of 
the different key CBFM activities signified by such descriptions as very high, high, 
moderate, low, very low (level of participation) and zero or no participation. The 
extent of implementation of the rules and regulations and level of participation as 
perceived by the primary and secondary stakeholders may serve as the basis for 
improving the implementation of the CBFM in the said sites.

 Since CBFM implementation is a human activity, participation will be 
inevitably related to some profile characteristics of the project participants involved.  
Thus, the arrow that points from the profile characteristics of the project beneficiaries 
to the level of participation shows that socio-demographic factors such as age, gender, 
civil status, religion, monthly income, household size and educational attainment can 
influence the level of participation of project participants in CBFM activities. The 
evaluation result of program implementation by the CBFM stakeholders serves as the 
basis for intervention to improve the CBFM implementation.

Methodology

Study area

The study was conducted in four selected CBFM projects in Leyte, Philippines. 
The criteria in site selection were as follows: 1) projects which were issued with 
CBFMA by the DENR during the period when the issuance of tenurial instruments 
to qualified POs in the region started or from 1998 to 2004, the year when the slight 
revision of DAO 29 series of 1996 was effected; 2) projects with more than a hundred 
of  PO members during the start of project implementation; and 3) projects located in 
the upland ecosystem, accessible and with good peace and order situation. 

The four sites are specifically located in: 1) Barangay Salvacion, Basper, 
Palanog, Tacloban City; San Isidro, Sta. Fe, Leyte; and Divisoria, Alang-alang, Leyte 
(CBFM Project of PIAFDAI); 2) Barangay Villamagsaysay, Babatngon, Leyte (CBFM 
Project of CUFA-MPC); 3)  Barangay Santol, Pinarigusan, Caray-caray, Bagacay, San 
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Andres, Bahay and Guinciaman, San Miguel, Leyte (CBFM Project of FSMIRAI); and 
4) Barangay Mag-aso, Piliway, Buracan, Tarugan, La Paz, Leyte (CBFM Project of 
Mag-aso CBRMPSA). 

Respondents of the study

 There were two groups of respondents. The first group is composed of the   
project beneficiaries or the PO members as the primary stakeholders. The second  
group or the secondary stakeholders are the DENR personnel directly involved in 
CBFM implementation, staff/representatives of the LGUs who have jurisdiction over the 
projects, and staff/representatives of other assisting organizations or non-government 
organizations (NGOs) who provided assistance  to the POs in CBFM implementation. 
In this study, the NGOs who provided technical and financial assistance were the 
Foundational Center, Incorporated for PIAFDAI, FSMIRAI and CUFA-MPC, and GIZ 
for Mag-aso CBRMPSA and CUFA-MPC. The grouping of respondents was based on 
the roles of the various CBFM stakeholders and is also adopted from the concept 
of Nilsson and Woodford-Berger, 2000:11 as cited by Mikkelsen (2005) which 
categorizes that primary stakeholders are those who are directly or ultimately affected 
by an intervention, either positively or negatively, while secondary stakeholders are 
intermediaries such as implementing organizations, or other individuals, persons, 
groups or institutions involved in intervention, including funding agencies.  

Research design, data gathering and analysis 

 This study was conducted using the descriptive survey method. Stakeholders 
of the CBFM projects were surveyed and information were obtained through 
personal interviews of project beneficiaries, DENR implementers, LGUs, and other 
assisting organizations  with the use of pre-tested research instrument,  key informant 
interviews, focus group discussions (FGDs), and project site visits. Secondary data 
available in the CBFM regional office, Provincial Environment and Natural Resources 
Office (PENRO) Leyte and Community Environment and Natural Resources Office 
(CENRO) concerned were gathered, reviewed  and analyzed. These secondary data 
consist of project records, reports and maps of the selected CBFM study sites. A 
structured interview schedule was constructed based on the provisions of DAO 29 
series of 1996 with slight revision stipulated in DAO 29 series of 2004. The coverage 
of the provisions of the rules and regulations focused on the Implementation Stage of 
the CBFM strategy. The data gathering instrument for the PO members was translated 
to the local dialect to facilitate understanding.

 Simple random sampling was applied in picking out samples from primary 
stakeholders of the population. About 30% of the total population was taken as 
sample size. Total enumeration was done for the secondary stakeholders such as 
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 The data were analyzed using Statistical Package for the Social Science 
Version 12 (SPSS v.12). Median was used to average each provision of the item 
on the extent of implementation and the level of participation of the respondents. 
Kruskal-Wallis analysis of variance was used to determine significant differences on 
the extent of implementation of the rules and regulations and the level of participation 
of the project beneficiaries in key CBFM activities among primary stakeholders’ 
perceptions. Furthermore, Mann Whitney U Test was used for pair-wise comparison 
among project beneficiaries’ perceptions in the four CBFM sites.  Perception of the 
secondary stakeholders was not subjected to statistical analysis because there were 
only few respondents per site. Thus, the analysis was purely a description of the 
secondary stakeholders’ perception on the extent of implementation of the rules 
and regulations and the level of participation of primary stakeholders in key CBFM 
activities.  Relationships between the project beneficiaries’ profile characteristics and 
the level of participation in key CBFM activities were determined using Pearson “r” 
Product-Moment of Correlation for interval variables such as age, monthly income 
and household size, and Eta Coefficient or Correlation Ratio for the relationship with 
nominal variables such as gender, civil status, educational attainment and religion.

Results and discussion

Background of the CBFM project sites and demographic profile of POs
 
 Table 2 shows a brief background of the four CBFM projects covered in the 
study indicating the year when the tenurial instrument was awarded, the size of area, 
and PO membership. 

DENR implementers, LGUs and other assisting organizations/NGOs considering that 
the respondents were few. Table 1 summarizes the distribution of respondents.

Name of CBFM 
PO

Primary stakeholders
Secondary stakeholders

Population Sample size
PIAFDAI 121 36 16

CUFA-MPC 70 21 11

FSMIRAI 124 37 13

Mag-aso CBRMPSA 184 55 10

Total 499 149 50

Table 1. Distribution of the respondents surveyed in the four CBFM project sites.
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Particulars
Name of PO

PIAFDAI CUFA-
MPC

FSMIRAI Mag-aso 
CBRMPSA

Year when CBFMA was 
awarded

1999 2000 1999 2004

CBFM area (ha) 938.85 491 3,707 490

Total PO membership
      During the start of project
      During the conduct of the 
      study or in 2007

211 107 277 194

121 70 124

Age (percentage of the PO 
members by age group)
     Young age (20-39 yrs old)
     Middle Age (40-59 yrs old)
     Elderly (60-79 yrs old)

39%
42%
19%

48%
38%
14%

16%
54%
30%

30%
51%
19%

Religion 97% 
Catholic

91% 
Catholic

78% 
Catholic

98%
Catholic

Gender 56% 
female

57%
female

62% male 56% male

Civil status 82%
married

95%
married

89%
married

89%
married

Average household size 5 5 5 5

Monthly income 
      Below P3,001.00
      P3,001.00-P5,000.00
      P5,001.00-P8,000.00

83%
11%
6%

81%
14%
5%

73%
22%
5%

78%
20%
2%

Education (percentage of 
the respondents with formal 
schooling)

94.5% 95% 100% 100%

Table 2.  Brief background information of the four CBFM projects and demographic 
of the POs.
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Extent of implementation of the four CBFM projects in Leyte, Philippines in terms 
of the rules and regulations as perceived by the CBFM stakeholders

As perceived by the primary stakeholders

The rules and regulations encompass the aspects on the development 
and management in CBFM areas, forest protection and conservation, harvesting, 
processing and transport of forest products, and the continued support of the DENR, 
LGU and other assisting organizations to the POs in terms of linkage to resource 
institutions and monitoring of PO outputs. Generally, the rules and regulations were 
perceived by the primary stakeholders or project beneficiaries as fully implemented 
by PIAFDAI whereas substantially implemented in the CBFM project sites managed 
by CUFA-MPC, FSMIRAI, and Mag-aso CBRMPSA. A closer look at the data revealed 
varied perceptions of the project beneficiaries in terms of specific rules and regulations 
among project sites. The CUFA-MPC considered the provisions on management and 
development activities in the CBFM areas as fully implemented. Activities include 
plantation establishment, application of silvicultural practices, and development of 
non-timber forest resources; protection of the identified protection forest and the 
continued support of the secondary stakeholders to the PO as regards monitoring 
the PO outputs to ensure observance of the technical requirements provided in the 
CBFMAs. In the case of Mag-aso CBRMPSA project beneficiaries, most of the specific 
rules and regulations (six provisions) were perceived as fully implemented. However, 
for FSMIRAI, no provision was fully implemented, most of the rules and regulations 
were only substantially implemented (Table 3).

As perceived by the secondary stakeholders  

The data revealed that, generally, the extent of implementation of the 
rules and regulations was perceived by the secondary stakeholders as substantially 
implemented in the CBFM projects managed by PIAFDAI, CUFA-MPC and FSMIRAI. 
Rules and regulations that have been considered in these sites are wanting to a certain 
extent, that it is better than partially implemented; whereas Mag-aso CBRMPSA 
respondents have only partially implemented the provisions (i.e., the rules and 
regulations have been considered much wanting and on the average more inferior to 
substantially implemented (Table 4).

It can be observed in the overall assessment among sites that the perception 
of the primary stakeholders in the CBFM projects managed by PIAFDAI, and Mag-aso 
CBRMPSA is higher than the secondary stakeholders. Similarly, on the specific extent 
of implementation among sites, some provisions on the assessment of the primary 
stakeholders are higher than the secondary stakeholders. The observed trend of rating 
could be due to the direct beneficiaries' intention to show to the implementing/
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        Rules and regulations PIAFDAI CUFA-MPC FSMIRAI    Mag-aso CBRMPSA
  Average  Extent Average Extent Average Extent  Average Extent

1. The management and 
 development activities 
 in the CBFM areas 
 include:
 1.1 plantation establishment 3 SI 4 FI 3 SI 4 FI
  in open areas.
 1.2 application of silvicultural 3 SI 4 FI 2 SI 3 SI
  practices 
  (e.g., thinning, weeding,
  assisted natural 
  regeneration).
   1.3 development of non- 3 SI 4 FI 3 SI 1 NI
  timber forest resources

2. Agroforestry (mixed  4 FI 3 SI 3 SI 4 FI
 planting of agricultural crops,  
 fruits and forest trees) is done 
 in areas identified as 
 suitable for agroforestry 
 development. 

3. The PO with the assistance  4 FI 3 SI 3 SI 4 FI
 from the CENRO and the 
 LGU is primarily responsible
 for the protection and 
 con servation of the natural
 resources within the
 coverage of the CBFMA. 

4. The protection forest identified 4 FI 4 FI 3 SI 4 FI
 by the community is 
 protected from illegal 
 cutting and log extraction. 

5. Qualified PO members are  4 FI 2 PI 2 PI 1 NI
 deputized in order to have 
 legal authority to apprehend 
 illegal loggers/cutters and 
 confiscate illegally cut timber. 

6. Harvesting, processing and  4 FI 3 SI 2 PI 1 NI
 transport of forest and
 biodiversity products in CBFM 
 areas are in accordance with 
 existing rules and regulations. 

Table 3.  Extent of implementation of the CBFM projects as perceived by the 
primary stakeholders.
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7. The DENR, LGU and 
 other assisting organizations
 continue to support the
 PO by:
  7.1 providing the necessary  3 SI 3 SI 3 SI 4 FI
  assistance to link the PO 
  to resource institutions
 7.2 monitoring PO outputs  4 FI 4 FI 3 si 4 FI
  to ensure observance of 
  technical requirements 
  provided in the CBFMA. 

 General Average Rating 4 FI 3 SI 3 SI 3 SI
   

       Rules and regulations PIAFDAI CUFA-MPC FSMIRAI Mag-aso CBRMPSA
 Average Extent Average Extent Average Extent Average Extent

Legend:
4 Fully Implemented (FI)
3 Substantially Implemented (SI)
2 Partially Implemented (PI)
1 Not Implemented (NI)

Table 3.  Continuation.

      Rules and regulations PIAFDAI CUFA-MPC FSMIRAI Mag-aso CBRMPSA
 Average Extent Average Extent Average Extent Average Extent

1. The management and
 development activities in the 
 CBFM areas include:
 1.1 plantation establishment  3 SI 3 SI 3 SI 2 PI
  in open areas.
 1.2 application of silvicultural 2 PI 2 PI 2 PI 2 PI
  practices (e.g., thinning,
  weeding, assisted
  natural regeneration).
 1.3 development of non- 2 PI 3 SI 2 PI 2 PI
  timber forest resources. 

2. Agroforestry or the mixed 
 planting of agricultural crops,
 fruits and forest trees is done 
 in areas identified as suitable
 for agroforestry development. 3 SI 3 SI 3 SI 3 SI

Table 4. Extent of implementation of the CBFM projects as perceived by the 
secondary stakeholders. 
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3. The PO with the assistance  3 SI 3 SI 3 SI 3 SI
 from the CENRO and the 
 LGU is primarily responsible
 for the protection and 
 conservation of the natural
 resources within the coverage
 of the CBFM. 

4. The protection forest 3 SI 3 SI 2 PI 3 SI
 identified by the community 
 is protected from illegal 
 cutting and log extraction. 

5. Qualified PO members are  2 PI 2 PI 3 SI 1 NI
 deputized in order to have 
 legal authority to apprehend 
 illegal loggers/cutters and 
 confiscate illegally cut timber. 

6. Harvesting, processing and  2 PI 2 PI 2 PI 1 NI
 transport of forest and
 biodiversity products in CBFM 
 areas are in accordance with 
 existing rules and regulations. 

7. The DENR, LGU and other 
 assisting organizations
 continue to support the PO by:
  7.1 providing the necessary  3 SI 3 SI 3 SI 3 SI
  assistance to link the PO 
  to resource institutions, 
  and
 7.2 monitoring PO outputs  3 SI 3 SI 3 SI 3 SI
  to ensure observance of 
  technical requirements 
  provided in the CBFMA. 

 General Average Rating 3 SI 3 SI 3 SI 2 PI
  

Rules and regulations PIAFDAI CUFA-MPC FSMIRAI Mag-aso CBRMPSA
 Average Extent Average Extent Average Extent Average Extent

Table 4.  Continuation.

Legend:
4 Fully Implemented (FI)
3 Substantially Implemented (SI)
2 Partially Implemented (PI)
1 Not Implemented (NI)
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assisting organizations that they have fully and substantially implemented the rules 
and regulations. For the secondary stakeholders, their judgment is "substantially 
and partially implemented" which means that more improvement along the 
implementation of the rules and regulations is needed.

Differences in the perception of the primary stakeholders in the four CBFM 
projects on the extent of implementation of the CBFM rules and regulations

The Kruskal Wallis analysis of variance test showed that highly significant 
differences at ∞=0.01 exist on the perception of the project beneficiaries on the extent 
of implementation of rules and regulations among project sites (Table 5). This implies 
that the primary stakeholders’ or project beneficiaries’ assessment when it comes to 
the implementation of the specific rules and regulations towards implementation of 
the CBFMP varies among project sites.

Mann Whitney U test revealed that the perception of the project beneficiaries 
in PIAFDAI is significantly higher compared to CUFA-MPC, FSMIRAI, and Mag-aso 
CBRMPSA. This implies that more efforts have to be done by the three POs for them 
to reach the full implementation of the rules and regulations of the CBFM program. 
The first provision which deals on the management and development activities in the 
CBFM areas particularly the plantation establishment in open areas and application 
of silvicultural practices, the perception of the project beneficiaries of PIAFDAI, 
CUFA-MPC, and Mag-aso CBRMPSA is significantly higher compared to FSMIRAI 
respondents. These differences could mean that FSMIRAI beneficiaries were not 
satisfied with their performance as there are still vast areas to be planted and applied 
with silvicultural practices. It can be noted that among the four project sites covered 
in the study, FSMIRAI has the largest CBFM area. A different trend was observed 
when it comes to the development of non-timber forest resources. It is evident that the 
average rating of 3 (for PIAFDAI and FSMIRAI) and 4 (for CUFA-MPC) are significantly 
higher compared to Mag-aso CBRMPSA which gave an average rating of 1 or admitted 
that this provision was not implemented.

During field visits, it was observed that aside from tree plantation establishment, 
the activities of Mag-aso CBRMPSA focused more on agroforestry development which 
involved raising forest and fruit trees, and other agricrops and did not give much 
attention to the development of non-wood forest resources. Because of their efforts 
to develop their agroforestry farm, they assessed the implementation of the provision 
as fully implemented. The mean rank of Mag-aso CBRMPSA is significantly higher to 
PIAFDAI's project beneficiaries who also perceived that they have fully implemented 
the rules and regulations on agroforestry development. This is because there is more 
confidence in the former's assessment of the full implementation of the provision.
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The highly significant differences at ∞ = 0.01 on the provision which states 
that “the PO with assistance from the CENRO and LGU is primarily responsible 
for the protection and conservation of the natural resources within the coverage of 
the CBFMA” was because some of the LGU representatives in the barangay level 
particularly in FSMIRAI and CUFA-MPC admitted that they were not knowledgeable 
of the CBFM in their area of jurisdiction. This was confirmed during FGDs when 
the project beneficiaries revealed that some LGU officials/representatives were not 
informed about the project. 

The three POs, namely, PIAFDAI, CUFA-MPC, and Mag-aso CBRMPSA 
consistently agreed that the provision on “the protection forest identified by 
the community/PO is protected from illegal cutting and log extraction” is fully 
implemented (Table 3). This implies that the respondents of the three POs as the 
primary stakeholders of their respective CBFM areas  believed that they have really 
done their job to the full extent. For FSMIRAI respondents, such performance was 
wanting in some respects considering the area covered to ensure full protection of the 
area. Again, it can be recalled that among the project sites, FSMIRAI has the largest 
area coverage.

Although there were significant differences on the perception of the project 
beneficiaries relative to the provision on the deputation of qualified members in 
order to have legal authority to apprehend illegal loggers/cutters and confiscate 
illegally cut timber, the project beneficiaries emphasized that they have only partially 
implemented (in the case of CUFA-MPC and FSMIRAI) and not implemented (in the 
case of Mag-aso CBRMPSA) because the said POs were affected by the suspension 
in the renewal of the processing of deputation. This information was confirmed 
by the secondary stakeholders particularly the DENR implementers. The provision 
on “harvesting, processing and transport of forest and biodiversity products are in 
accordance with existing rules and regulations” drew varied perceptions. Except for 
PIAFDAI which was previously issued a Resource Use Permit (RUP), the rest of the 
POs had to abide with the policies regarding suspension on the cutting of mature 
trees during the time of the study, thus, RUP cannot be issued to them. However, 
during the data gathering/interviews and FGDs, some of the respondents particularly 
in CUFA-MPC and FSMIRAI admitted that there were instances of gathering forest 
products in their area which was done primarily to make out a living. This scenario 
somehow confirmed some observations of other CBFM POs documented in Ilagan 
and Nagtipunan, Quirino that some people were engaged in illegal activities even 
before the CBFM project was put in place (Obedoza 1999). 

The Mag-aso CBRMPSA gave a rating of 1 or having not implemented the 
provision. Their reason was that no harvesting was done yet in their area because 
of the age of the planted trees. This assessment somehow consistently relates to the 
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provision regarding “protection forest identified by the community/PO is protected 
from illegal cutting and log extraction” which they confidently assessed as "fully 
implemented".

With regards to the provision which states “the DENR, LGU and other 
assisting organizations continue to support the PO by providing the necessary 
assistance to link the PO to resource institutions”, it is evident that Mag-aso CBRMPSA 
project beneficiaries rating (fully implemented) was significantly higher compared to 
the other POs. This means that the former are contented with the services provided 
by the DENR, LGUs (particularly the implementation of the CBRMP) and assisting 
organizations such as GTZ, compared with the project beneficiaries of PIAFDAI, CUFA-
MPC and FSMIRAI who are in accord that they have only substantially implemented 
such provision. This means that more efforts have to be done by the DENR, LGUs and 
assisting organizations to the primary stakeholders of these three project sites to meet 
the full implementation of the provision which requires the secondary stakeholders’ 
continued assistance to link the PO to other resource institutions.

Level of participation of the primary stakeholders of the four CBFM projects in 
Leyte, Philippines

As perceived by the primary stakeholders

As a whole, the primary stakeholders’ level of participation in key activities 
was perceived as moderate by the PIAFDAI and CUFA-MPC project beneficiaries 
themselves and low by the FSMIRAI and Mag-aso CBRMPSA (Table 6). Specifically, 
in the activity which involves the protection and conservation of natural resources 
within the coverage of the CBFM area in natural stands, the primary stakeholders, 
namely, PIAFDAI, CUFA-MPC, and FSMIRAI  are in the same view that their level of 
participation was low while Mag-aso CBRMPSA project beneficiaries' self assessment 
was very low. The very low participation of the project beneficiaries in key CBFM 
activities were attributed to specific reasons such as only the men were involved in 
patrol work, no occurrence of pest and diseases, and no establishment of firelines and 
firebreaks which are component tasks of the activity.

The results in the four sites consistently emphasized the project beneficiaries’ 
low participation due to lack of financial resources and lack of time to attend to 
farming activities because of their immediate need of cash for daily subsistence. Thus, 
they had to look for other work with pay to earn for the family. Problems on lack of 
cooperation among PO members, disunity and misunderstanding were also observed 
as hindering factors in participation in the four sites.      
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Legend:
4 Moderate Level of Participation  (M)
3 Low Level of Participation (L)
2 Very Low Level of Participation (VL)
1 Zero/No Participation (NP)

           Key activities PIAFDAI CUFA-MPC FSMIRAI Mag-aso CBRMPSA
 Average Level Average Level Average Level Average Level

1. Protection and conservation  3 L 3 L 3 L 2 VL
 of the natural resources 
 within the coverage of the 
 CBFMA (in the natural 
 stands) 

2. Application of silvicultural  4 M 4 M 3 L 4 M
 practices (e.g. thinning, 
 weeding and assisted 
 natural regeneration) in 
 the natural stands 

3. Plantation establishment  4 M 3 L 3 L 2 VL
 (to include specific activities  
 on planting stock production, 
 site preparation and field 
 planting) open and other 
 areas 

4. Maintenance and protection  3 L 3 L 3 L 2 VL
 of established plantations 

5. Agroforestry farm  4 M 4 M 3 L 4 M
 development

6. Maintenance and protection  4 M 3 L 4 M 4 M
 of established agroforestry 
 farm 

7. Livelihood activities 4 M 4 M 3 L 3 L

8. Forest products utilization 3 L 3 L 2 VL 1 NP

9. Establishment of 3 L 4 M 3 L 4 M
 infrastructures

10. Organizational 4 M 4 M 4 M 4 M
   development

 Overall Average  4 M 4 M 3 L 3 L

Table 6. Level of participation of the project beneficiaries in the four CBFM projects 
as perceived by the primary stakeholders.
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As perceived by the secondary stakeholders

On the overall assessment of the secondary stakeholders as regards the level 
of participation of project beneficiaries, it showed that the project beneficiaries of 
CUFA-MPC have moderate level of participation while low in PIAFDAI, FSMIRAI  
and Mag-aso CBRMPSA. Although the data were not subjected to further statistical 
test to find out significant differences in the perceptions of the secondary stakeholders 
across sites, it is evident that the level of participation of the project beneficiaries 
of CUFA-MPC is higher (moderate) than the other projects managed by PIAFDAI, 
FSMIRAI and Mag-aso CBRMPSA. In CUFA-MPC project site, the secondary 
stakeholders perceived a high level of participation from the project beneficiaries 
in organizational development. This is attributed to the assistance provided by the 
assisting organizations (FCI and GIZ) on trainings, cross-visits and seminars for the 
PO members (Table 7).

 Further, it can also be noted that both the primary and secondary stakeholders 
have the same assessment on the level of involvement of the project beneficiaries 
in the conduct of key CBFM activities. Both FSMIRAI and Mag-aso CBRMPSA 
have low level of involvement. Common problems that hindered participation of 
project beneficiaries include: lack of financial resources, lack of commitment, 
misunderstanding and disunity among PO members, lack of coordination among 
stakeholders, and unstable and unfriendly policies.

From the problems mentioned, the stakeholders gave their recommendations 
to improve  CBFM implementation. The primary stakeholders suggested the provision 
of financial assistance in CBFM activities, cooperation among members, unity and 
understanding among officers and members, continuation of IEC and trainings, good 
PO leaders and officers, regular project visit by the concerned DENR personnel, 
priority attention from the LGUs, and recruitment of young members who can go to 
the site and climb the mountains. 

On the side of the secondary stakeholders, they indicated concerns on 
provision of financial assistance, augmentation of competent/trained personnel with 
incentives, commitment and full support of concerned stakeholders, good DENR and 
LGU partnership, value formation program for the project beneficiaries, strengthening 
of livelihood activities, linkage and networking efforts, and formulation of PO friendly 
policies.  
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             Key activities PIAFDAI CUFA-MPC FSMIRAI Mag-aso CBRMPSA
 Average Level Average Level Average Level Average Level

1. Protection and conservation 3 L 3 L 3 L 3 L
 of the natural resources 
 within the coverage of the 
 CBFMA (in the natural 
 stands) 

2. Application of silvicultural  3 L 3 L 3 L 4 M
 practices (e.g., thinning, 
 weeding and assisted natural 
 regeneration) in the natural 
 stands) 

3  Plantation establishment (to  3 L 4 M 4 M 4 M
 include specific activities on 
 planting stock production, 
 site preparation and field 
 planting) open and other
 areas 

4. Maintenance and protection  3 L 3 L 3 L 3 L  
 of established plantations  

5. Agroforestry farm  3 L 4 M 4 M 3 L
 development  

6. Maintenance and protection  3 L 3 L 3 L 3 L
 of established agroforestry 
 farm 

7. Livelihood activities 3 L 4 M 4 M 3 L

8. Forest products utilization 3 L 3 L 4 M 2 VL

9. Establishment of 3 L 4 M 3 L 3 L
 infrastructure

10.Organizational development 4 M 5 H 4 M 4 M

Overall Average  3 L 4 M 3 L 3 L

Table 7.  Level of participation of the project beneficiaries as perceived by the 
secondary stakeholders in key activities in CBFM implementation.

Legend:
4 Moderate Level of Participation  (M)
3 Low Level of Participation (L)
2 Very Low Level of Participation (VL)
1 Zero/No Participation (NP)
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Differences in the perception of the primary stakeholders in the four CBFM 
projects on the level of participation

 
Highly significant differences at ∞ = 0.01 exist on the perception on the level 

of participation of the primary stakeholders on the following activities: application 
of silvicultural practices, plantation establishment, maintenance and protection 
of established plantations, livelihood activities, and forest products utilization. 
Significant differences at ∞ = 0.05 were noted on level of participation in these 
activities: protection and conservation of the natural resources within the coverage of 
the CBFMA (in the natural stands), agroforestry farm development, and establishment 
of infrastructures. In order to identify where the differences occurred, Mann Whitney 
U test was used.

The respondents of PIAFDAI, CUFA-MPC and Mag-aso CBRMPSA who are 
in accord that their level of participation on the application of silvicultural practices 
is moderate and vary significantly with the project beneficiaries of FSMIRAI who 
assessed their level of participation as low implies that the stakeholders of PIAFDAI, 
CUFA-MPC and Mag-aso CBRMPSA have higher involvement in the conduct of the 
activity compared to the project beneficiaries of FSMIRAI. The significantly low level of 
involvement of the FSMIRAI beneficiaries was attributed to leadership problems, lack 
of cooperation among members, disunity and misunderstanding, health conditions 
and old age, and absence of cutting permit.   

The significant difference on the level of participation of the project 
beneficiaries as regards forest products utilization wherein PIAFDAI and CUFA-MPC 
have low level of participation while very low and no participation on the part of 
FSMIRAI and Mag-aso CBRMPSA, respectively, was attributed to the absence of 
cutting permits granted to the POs (except for PIAFDAI who was previously issued) 
due to the suspension in the harvesting of mature trees. The data was also supported 
with the result on the extent of implementation of the rules and regulations wherein 
CUFA-MPC has substantially implemented, FSMIRAI has partially implemented 
while Mag-aso CBRMPSA has never implemented such rules and regulations 
pertaining to harvesting, processing and transport of forest products. Even without 
the cutting permit, the result of substantial implementation of CUFA-MPC and the  
partial implementation of FSMIRAI in such regulations and the low/very low level of 
participation were due to some responses of the project beneficiaries who admitted 
that there were instances of cutting of trees within their CBFM area.

The significant difference observed with regard to agroforestry farm 
development means that FSMIRAI project beneficiaries have less involvement in the 
development of agroforestry farm compared to PIAFDAI, CUFA-MPC, and Mag-aso 
CBRMPSA beneficiaries who assessed a moderate level of participation. Hindering 



112 E. Bautista
Ta

bl
e 

8.
  D

iff
er

en
ce

s 
on

 th
e 

pe
rc

ep
tio

n 
on

 th
e 

le
ve

l o
f p

ar
tic

ip
at

io
n 

of
 th

e 
pr

im
ar

y 
st

ak
eh

ol
de

rs
 a

s 
pe

rc
ei

ve
d 

by
 

th
e 

pr
im

ar
y 

st
ak

eh
ol

de
rs

.

   
   

   
   

   
   

   
   

   
Ke

y 
ac

tiv
iti

es
 

Kr
us

ka
l-W

al
lis

 v
al

ue
 

df
 

p-
va

lu
e 

In
te

rp
re

ta
tio

n

1.
 P

ro
te

ct
io

n 
an

d 
co

ns
er

va
tio

n 
of

 th
e 

na
tu

ra
l  

7.
84

7*
 

3 
0.

04
9 

 S
ig

ni
fic

an
t

 
re

so
ur

ce
s 

w
ith

in
 th

e 
co

ve
ra

ge
 o

f t
he

 
 

C
BF

M
A

 (i
n 

th
e 

na
tu

ra
l s

ta
nd

s)
 

 

2.
 A

pp
lic

at
io

n 
of

 s
ilv

ic
ul

tu
ra

l p
ra

ct
ic

es
 (e

.g
., 

 
12

.9
87

**
 

3 
0.

00
5 

H
ig

hl
y 

Si
gn

ifi
ca

nt
 

th
in

ni
ng

, w
ee

di
ng

 a
nd

 a
ss

is
te

d 
na

tu
ra

l 
   

re
ge

ne
ra

tio
n 

in
 th

e 
na

tu
ra

l s
ta

nd
s)

 

3 
 P

la
nt

at
io

n 
es

ta
bl

is
hm

en
t (

to
 in

cl
ud

e 
sp

ec
ifi

c 
13

.7
91

**
 

3 
0.

00
3 

H
ig

hl
y 

Si
gn

ifi
ca

nt
 

 
ac

tiv
iti

es
 o

n 
pl

an
tin

g 
st

oc
k 

pr
od

uc
tio

n,
 

 
si

te
 p

re
pa

ra
tio

n 
an

d 
fie

ld
 p

la
nt

in
g)

 in
 o

pe
n 

 
an

d 
ot

he
r a

re
as

 

4.
 M

ai
nt

en
an

ce
 a

nd
 p

ro
te

ct
io

n 
of

 e
st

ab
lis

he
d 

 
28

.5
05

**
 

3 
0.

00
0 

H
ig

hl
y 

Si
gn

ifi
ca

nt
 

pl
an

ta
tio

ns
  

5.
 A

gr
of

or
es

try
 fa

rm
 d

ev
el

op
m

en
t  

8.
46

3*
 

3 
0.

03
7 

 S
ig

ni
fic

an
t

6.
 M

ai
nt

en
an

ce
 a

nd
 p

ro
te

ct
io

n 
of

 e
st

ab
lis

he
d 

4.
23

4n
s 

3 
0.

23
7 

N
ot

 S
ig

ni
fic

an
t 

 
ag

ro
fo

re
st

ry
 fa

rm
 

7.
 L

iv
el

ih
oo

d 
ac

tiv
iti

es
 

12
.4

52
**

 
3 

0.
00

6 
H

ig
hl

y 
Si

gn
ifi

ca
nt



113Stakeholders' perceptions on the Community-Based Forest Management projects

8.
 F

or
es

t p
ro

du
ct

s 
ut

ili
za

tio
n 

40
.0

69
**

 
3 

0.
00

0 
H

ig
hl

y 
Si

gn
ifi

ca
nt

 

9.
 E

st
ab

lis
hm

en
t o

f i
nf

ra
st

ru
ct

ur
e 

9.
76

6*
 

3 
0.

02
1 

Si
gn

ifi
ca

nt

10
. O

rg
an

iz
at

io
na

l d
ev

el
op

m
en

t 
2.

49
6 

ns
 

3 
0.

47
6 

N
ot

 S
ig

ni
fic

an
t

O
ve

ra
ll 

8.
24

2*
 

3 
0.

04
1 

Si
gn

ifi
ca

nt

Ta
bl

e 
8.

  C
on

tin
ua

tio
n.

   
   

   
   

   
   

   
   

   
Ke

y 
ac

tiv
iti

es
 

Kr
us

ka
l-W

al
lis

 v
al

ue
 

df
 

p-
va

lu
e 

In
te

rp
re

ta
tio

n

Le
ge

nd
:

ns
 -

 
no

t s
ig

ni
fic

an
t  

* 
- 

si
gn

ifi
ca

nt
 a

t 5
%

 le
ve

l
**

 -
  

si
gn

ifi
ca

nt
 a

t 1
%

 le
ve

l



114 E. Bautista

factors in participation emphasized by the FSMIRAI respondents were leadership 
problem, lack of cooperation among members, disunity and misunderstanding, 
health and old age.

Relationships between the profile characteristics of the project beneficiaries and 
their level of participation to key CBFM activities

Data revealed that the profile characteristics, namely, age, gender, civil 
status, educational attainment, monthly income, household size and religion were 
not significantly correlated with the level of participation of the key activities in CBFM 
implementation in all project sites except for the gender of FSMIRAI respondents 
which is found to be highly significantly correlated with the level of participation. 
This implies that gender is a good predictor of participation of FSMIRAI members in 
CBFM activities. Data show that male respondents of FSMIRAI actively participated in 
CBFM activities than female respondents even if the level of participation in specific 
activities is moderate, low and very low. This is explained by the observation that 
indeed male respondents of FSMIRAI participate in most of the key activities in CBFM 
area thus they tend to have higher perception on the level of participation compared 
to female respondents. This relationship is highly significant at 0.01 level with an  
r-value of 0.488.

Conclusion 

The extent of implementation of the CBFM projects in terms of the rules 
and regulations under the Implementation Stage of the CBFM strategy was generally 
perceived by the primary stakeholders as substantially implemented in the CBFM 
projects managed by CUFA-MPC, FSMIRAI and Mag-aso CBRMPSA and fully 
implemented by PIAFDAI respondents. The primary stakeholders’ assessment on the 
implementation of the CBFMP varies among project sites. The perception of PIAFDAI 
respondents on the rules and regulations on implementation is significantly higher 
compared to CUFA-MPC, FSMIRAI and Mag-aso CBRMPSA. Thus, more efforts have 
to be done by the three POs in order to reach the full implementation of the rules 
and regulations concerning the development and management of CBFM areas and 
forest protection and conservation of the natural resources within their respective 
projects. As perceived by the secondary stakeholders, the extent of implementation 
of the rules and regulations in the CBFM projects managed by PIAFDAI, CUFA-MPC 
and FSMIRAI was substantially implemented whereas Mag-aso CBRMPSA project 
beneficiaries have partially implemented the rules and regulations. 

 The level of participation of the primary stakeholders in the different key 
CBFM activities was perceived by the primary stakeholders themselves as moderate 
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in the CBFM projects managed by PIAFDAI and CUFA-MPC and low in FSMIRAI 
and Mag-aso CBRMPSA. The variability on the level of involvement of the project 
beneficiaries among project sites was found to be significantly different. The level of 
participation of the project beneficiaries in PIAFDAI and CUFA-MPC is comparably 
higher than FSMIRAI and Mag-aso CBRMPSA primary stakeholders. The low 
involvement of beneficiaries was due to problems and other hindering factors in 
participation cited by the project participants themselves and secondary stakeholders. 
In general, and by looking at the numerical value of the assessment of the level of 
participation in key CBFM activities as perceived by the primary stakeholders and 
secondary stakeholders, both of them have more or less the same observation as 
regards to the level of participation of the project beneficiaries in CBFM activities.

 Participation or involvement of the POs in CBFM activities is not significantly 
related with the project beneficiaries’ profile characteristics such as age, gender, 
civil status, educational attainment, monthly income, household size and religion 
except for the gender of FSMIRAI members which is highly significant. Male project 
beneficiaries in FSMIRAI tend to have higher perception on the level of participation 
compared to female respondents because males do most of the activities  in the CBFM 
area.    

The very low, low and moderate level of participation of the project 
beneficiaries in specific CBFM activities as perceived by the primary stakeholders 
themselves and the secondary stakeholders which is two to three degrees lower than 
what is expected of them shows that there is still much room for improvement. 

Recommendations

Based from the findings of the study in the four CBFM project sites, the 
following are the recommendations to improve the CBFM program implementation.

1. The need for team work, concerted efforts in endeavors towards a 
clear understanding of the program – its vision, mission and goals, the 
processes involved, the respective roles of the primary and secondary 
stakeholders in the implementation of the rules and regulations and other 
provisions in  CBFM strategy and more importantly their commitment to 
perform their roles.

2. Strong coordination among CBFM stakeholders in all CBFM activities. 
Effective CBFM implementation requires the active involvement of all 
stakeholders. And considering that the POs as primary stakeholders 
are the units for intervention, utmost involvement among PO members 
should be exhibited and coordination among other stakeholders is 
extremely required.
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3. To increase the level of participation of the project beneficiaries, the 
POs should have financial resources to implement CBFM activities in 
area development including the adoption of production technologies on 
agroforestry and implementation of livelihood activities. The sustained 
implementation of these activities and active involvement of beneficiaries 
would answer the immediate economic need of the beneficiaries and at 
the same time ensure the long-term ecological stability of the area, thus, 
enhancing the productivity of these CBFM sites. There is a need for these 
primary stakeholders with the support from the secondary stakeholders 
to strengthen linkages to resource institutions.

4. Assignment of a full-time project-based technician with decent pay and 
sufficient logistical support. The technician should stay in or live near 
the project area or communities in order for him/her to work closely and 
regularly with the project beneficiaries. 

5. Creation of an effective and working participatory monitoring and 
evaluation team (to be composed of representatives from the PO, DENR 
implementers, LGUs, and other assisting organizations) to conduct 
periodic monitoring of accomplished work targets, review work plan 
and ensure implementation of activities, identify and resolve issues, 
and come up with actions to be undertaken based on the results of the 
periodic evaluation.  

6. Problems encountered by the different stakeholders should be properly 
and immediately discussed and settled among concerned stakeholders 
in order to resolve issues that affect the smooth and successful 
implementation of the CBFM projects. 

     The following topics are suggested for further study:
1. An in-depth evaluation of the major component activities as indicated 

in the CBFM agreement.  These component activities are on forest 
rehabilitation, forest protection, agroforestry development, livelihood 
activities, forest products utilization, and organizational development.

2. Impact assessment of the CBFM projects focusing on the economic, 
social and environmental aspects. The data to be generated from the 
study shall provide relevant information on how the projects influence 
or affect the welfare of the beneficiaries and the community.    

3. CBFM stakeholders’ attitude towards program implementation. With 
the result on the extent of implementation of the rules and regulations 
as substantially implemented, a deeper investigation of attitude  among 
stakeholders towards program implementation is suggested.
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