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ABSTRACT

This dissertation work explored the application of remote sensing technology for
the assessment of forest carbon storage in Mt. Apo Natural Park. Biomass estimation is
traditionally conducted using destructive sampling with high levels of uncertainty. A
more accurate and non-destructive method for assessment of biomass level is imperative
to characterize remaining forest cover. This research study aimed to: 1) examine the
vegetation profile and estimate species-specific biomass of Mt. Apo Natural Park, 2)
develop an algorithm to assess biomass in plot-level using a terrestrial lidar system
(TLS), and 3) generate landscape-level biomass estimates using interferometric synthetic
aperture radar (IFSAR). This research endeavors to provide answers to these questions:
1) how the 3 tropical allometries compare in estimating field collected species-level
biomass and carbon stocks in three management zones?, 2) what are the significant
terrestrial laser scanning-derived metrics to assess plot-level biomass?, and 3) to what
degree of uncertainty can IFSAR estimate biomass at the landscape level? Field data was
gathered from 1382 trees, covering 52 local species during fieldwork in July and August
2013. Twenty-six plots (30 m x 30 m) were sampled on three management zones:
multiple use, strict protection and restoration. Local insurgency problems restricted the
research team from sampling additional plots. Destructive sampling was not permitted
inside the protected area, thus requiring biomass to be estimated via the use of

referenced biomass from 3 allometric equations by relating tree height, diameter-at-



breast height, and wood specificity volume. A vegetation profile across the park was

generated using a canopy height map (CHM).

Results showed that resampled IFSAR products can be used to characterize
biomass and carbon storage at the landscape level. This research has demonstrated the
adoption of IPCC’s Tier 2, a combination of field and remote sensing data in the
assessment of available biomass levels in a tropical forest. The maps created can assist
in providing information for biomass and carbon level in MANP for monitoring,
reporting and verification in compliance with REDD requirements. Furthermore, this
study can provide helpful information regarding policy implications for reforestation and

afforestation activities.
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CHAPTER |

INTRODUCTION

Why are ecologists interested in carbon? We can cite two reasons, first, half the
dry weight of plants and animals, including humans, is carbon and secondly, carbon in
the form of carbon dioxide (CO) is the leading greenhouse gas released to the
atmosphere from human activities.

1.1. Carbon Balance and International Agreements

1.1.1. Global Carbon Cycle

The carbon cycle is a complex system of biological, chemical and physical
processes. In plants, carbon is brought into the terrestrial biosphere through
photosynthesis. Carbon accumulation occurs in the net primary production (NPP),
measured as the difference between photosynthesis and respiration. NPP quantifies the
conversion of atmospheric CO2 into plant biomass (Running et al., 2004). Carbon is
released back to the atmosphere through respiration, decomposition, fires, and some

human land use practices (Foley and Ramankutty, 2003).

The amount of carbon stored in the terrestrial biosphere is the result of the
balance between NPP, and carbon losses through decomposition, land use, fires and
other disturbances. There is a net sink of carbon when carbon accumulated through net

primary productivity exceeds the amount of carbon released to the atmosphere. A net



source occurs when more carbon is released to the atmosphere through respiration, fire,

land use and disturbances than is accumulated via NPP.

The global carbon cycle has focused on the imbalance in the carbon budget or the
missing carbon. Houghton et al. (1998) developed an equation for the global carbon

balance:

Atmospheric increase
= fossil fuel + net emissions from changes in land use

— oceanic uptake — residual terrestrial sink (Eq. 1)

In 1980s, the average annual emissions of 7.1 Pg C were higher than the 5.3 Pg C
average annual accumulation of carbon in the atmosphere. The average annual emissions
of 7.1 Pg C come from 5.5 + 0.5 Pg from combustion of fossil fuels, and 1.6 + 0.7 Pg C
for changes in land use. The average annual accumulation of 5.3 Pg C carbon comes
from 3.3 + 0.2 Pg of carbon uptake from the atmosphere, and 2.0 + 0.8 Pg C yr? of
annual oceans uptake. An additional sink of 1.8 Pg C yr is required for balancing the

carbon budget.

The global carbon cycle considered regrowth of forests following previous
disturbance, CO; fertilization and nitrogen fertilization as contributing to the missing
sink (Houghton et al., 1998). The atmospheric CO, increases more rapidly in warm
years, and less rapidly in cool years, which implies a positive feedback of climate-carbon

system.



1.1.2. Greenhouse Gas Emissions & Carbon Sequestration

Greenhouse gases trap infrared radiation in the form of heat in the atmosphere.
The United States Environmental Protection Agency (EPA) listed carbon dioxide as the
major greenhouse gas (GHG) emitted in 2012 (Hofmann et al., 2006). Other greenhouse
gases are methane (CHa), nitrous oxide (N20), and fluorinated gases. CO2 enters the
atmosphere through the burning of fossil fuels, solid waste, wood products, vegetation
respiration, and cement manufacturing. During forest clearing and forest fires, the stored
above- and belowground carbon in biomass and litter is released to the atmosphere.
Forest clearing, mostly in the tropics, is a major source of CO2 emitted to the atmosphere

(Canadell et al., 2007).

CO: is sequestered from the atmosphere through photosynthesis. A metric
measure, carbon dioxide equivalent, was adopted by US-EPA to compare the emissions
from various GHGs based upon their global warming potential (US-EPA,
www.epa.gov). Carbon dioxide equivalents are expressed as “million metric tons of

carbon dioxide equivalents” (MMTCO: EQ).

1.1.3. International Agreements on GHG Emissions

There are two leading international agreements that address the issue of
greenhouse gas emissions in the atmosphere: the United Nations Framework Convention
on Climate Change (UNFCCC) and the Kyoto Protocol (www.unfccc.org). Both
agreements have focused on assessing land cover changes and have initiated activities to

address data and monitoring shortcomings. Whereas, the UNFCCC did not explicitly



stipulate levels to which member- countries should agree to reduce GHG emissions, the
Kyoto Protocol specifically stated that emissions should be reduced by at least 5% below
the 1990 levels by 2008-2012. The Kyoto Protocol had two commitment periods: 2005-
2012 and 2012-2020. In 2012, the Protocol was ratified by other Annex | countries,

excluding Canada and Unites States of America.

The UNFCCC is an international environmental treaty negotiated at the United
Nations Conference on Environment and Development in 1992. The treaty’s objective
was to “stabilize GHG concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with Earth’s climate system”. Among its first
tasks was the establishment of national inventories of GHG emissions and removals.
These national inventories were used to create the 1990 benchmark levels by the Annex
I, or developing countries. UNFCCC also provides a common global framework to
combat global warming, and the conversion of forests as the major source of GHG

emissions (Grainger and Obersteiner, 2010).

1.1.4. Intergovernmental Panel on Climate Change (IPCC)

The Intergovernmental Panel on Climate Change (IPCC) is the leading
international body for the assessment of climate change. It was created in 1988 by two
UN organizations, the World Meteorological Organization (WMQO) and the United
Nations Environment Programme (UNEP) (IPCC, www.ipcc.ch). IPCC is a scientific

body under the auspices of the United Nations, with 195 country-members. Its mandate



is “to review and assess the most recent scientific, technical and socio-economic

information produced worldwide relevant to the understanding of climate change”.

The UNFCCC adopted a collaborative initiative called Reducing Emissions from
Deforestation and Forest Degradation in developing countries (REDD) (Gibbs et al.,
2007, Asner et al., 2009). This program promotes the informed and meaningful
involvement of all stakeholders, including indigenous peoples and other forest-
dependent communities in national and international REDD implementation. UN-
REDD estimated that deforestation and forest degradation, through agricultural
expansion, conversion to pastureland, infrastructure development, fires and destructive
logging contribute approximately 20% of global greenhouse emissions. REDD is
designed as a mechanism to create financial value for the carbon stored in forests. It
offers incentives for developing countries to reduce emission levels from forested lands.
REDD promotes the role of conservation, sustainable management of forests and

enhancement of forest carbon stocks.

IPCC provided guidelines to UNFCCC in support of the REDD implementation.
These guidelines aimed to assist countries in developing carbon assessment
methodologies (IPCC, 2006). There were five carbon pools identified by IPCC (2003a)
to be monitored for deforestation and degradation. These carbon pools are: aboveground
biomass, belowground biomass, litter, dead wood and soil organic carbon. The most

practical method is to monitor aboveground biomass (CIFOR, 2008).



IPCC (2003a and 2006) following suggestions from Brown (1997) provides the
guidelines for conducting REDD assessments. REDD countries will need to identify: (1)
the aerial extent (in hectares) of deforestation and forest degradation, (2) for degradation,
the proportion of forest biomass lost, (3) location (by forest type) where deforestation or
degradation occurred, (4) the carbon content of each forest type, and (5) the process of
forest loss which affects the rate and timing of emissions (IPCC 2003a and 2006).
Biomass refers to the total amount of aboveground living organic matter in trees,
expressed as oven-dry tons per unit area. Aboveground biomass is found in the
components of trees, shrubs, palms, and saplings. Belowground biomass is found in dead
plant mass such as fine litter and wood. Root biomass is estimated to be 20% of the
aboveground forest carbon stocks (Houghton et al., 2001; Achard et al., 2002). Dead
wood or litter carbon stocks are assumed to be 10-20% of the aboveground forest carbon
stocks in mature forests (Harmon and Sexton, 1996; Houghton et al., 2001; Achard et al.,
2002). The most direct way to measure aboveground forest biomass is by harvesting the
trees, drying and weighing the carbon stored. The carbon is measured using a bomb
calorimeter or absorption spectroscopy methods. Carbon content was estimated at 50%
of the dry biomass by Westlake (1966), and 42%-55% of dry biomass by Chapin et al.
(2011). Forests usually store more carbon than any of the other ecosystems, and are

considered as natural brakes on climate change (Gibbs et al., 2007).

The IPCC (2003b) outlined three tiers for estimating GHG emissions: Tier 1
makes use of biome-averages that provide rough approximations that can be readily used

to estimate the nation’s carbon stocks, Tier 2 involves combining ground-based tree



measurements such as tree diameters and heights to estimate forest carbon stocks, and
Tier 3 utilizes high-resolution methods, including ecosystem modeling, that are repeated
through time and are specific for each country (Penman et al., 2003, IPCC 2006). Tiers
2 and 3 make use of satellite or airborne remote sensing instruments to estimate tree
volume and other forest characteristics to estimate the biomass and carbon stocks of
forests (Gibbs et al., 2007, Goetz et al., 2009). The accuracy of forest biomass and
carbon stock estimates increases from Tier 1 to 3, thus reducing measurement

uncertainties (Asner et al., 2009).

1.1.5. Global Forest Resource Assessment (FRA)

The United Nations Food and Agriculture Office (FAQO) publishes the Global
Forest Resource Assessment (FRA) every five to ten years, initiating the first survey in
1947. This assessment provides a comprehensive accounting of aboveground carbon
stocks for tropical forests and how they are changing. The most recent publication is
FRA 2010. There are two primary sources of data for the FRA: Country Reports
prepared by national correspondents and remote sensing analyses conducted by FAO,
with national focal points and regional partners (DeFries et al., 2002, Grainger, 2008).
FRA 2010 reported that 13 million ha of global forests were converted to other uses
between 2000 and 2010. Most of these forest losses were in the South American and
African tropics. Countries in Asia, on the other hand, had adopted afforestation activities

and registered a net gain of 2.2 million ha in the same period.



Baccini et al. (2012) reported that the FRA national estimates were primarily
derived from ground-based forest inventories. They provided some criticism of the FRA
2010 effort including that the majority of existing forest inventories are not current,
many countries do not undertake forest inventories or have obsolete inventories, and that
national estimates were biased towards the timber volume of commercial tree species
(Baccini et al., 2012). They recommended that high quality information on the spatial
distribution of carbon stocks is needed in order to reduce the uncertainty in estimates

(Baccini et al., 2012, Mitchard et al., 2013).
1.1.6. Tropical Forest Deforestation and Degradation

The tropical rainforest biome covers about 6% of the Earth’s surface (Myers,
1988). These rainforests are mainly located around the equator. The average temperature
is between 20°C and 35° C. These areas receive more than 200 cm of rainfall per year
(Chapin et al., 2011). Tropical forests are among the most carbon-rich ecosystems in the
world (Drake et al., 2002). Forests provide ecosystem services like habitat, biodiversity,
climate regulation, water source, and carbon sequestration and economic services
including merchantable resources like timber, fuel, and forage. Natural resources, like
forests, are faced with providing both commercially-derived values and non-market
values associated with many other ecosystem services. They have a large potential to
sequester carbon primarily through reforestation, agroforestry and conservation of
existing forests (Brown et al., 1996). Deforestation and degradation directly impacts the

largest pool of carbon stored in the aboveground living biomass of trees. UN-FAO has



estimated that tropical deforestation and forest degradation accounts for 20% of global
anthropogenic CO, emissions to the atmosphere (Olander et al., 2008). These resources
are being destroyed at rapid rates with the highest conversion rates in Southeast Asia
(Achard et al., 2002, FAO 2003). This rapid loss of tropical forest in Southeast Asia is

the primary concern of this dissertation, particularly carbon dynamics in the Philippines.

1.1.7. Tropical Deforestation and Biodiversity Hotspots

Like most forest cover in the equatorial regions, the Philippines has moist
tropical forests, where a hectare of land contains at least 300 plant species (Bagarinao
1988). Bagarinao (1988) reported that the country has 12,000 species of flowering
plants, pteridophytes, bryophytes, algae, and fungi, of which 3,500 species are
considered endemic, and large varieties are grown as ornamentals. Mittermeier et al.
(2004) state that there is a minimum estimate of 6,091 and 588 endemic plants and
vertebrates, respectively in the Philippines. These figures are approximately 3.8% of the
global total of endemic species (Myers et al., 2000).

The Philippines government’s Department of Environment and Natural
Resources (DENR) presently reports an extremely high habitation of 52,177 species of
flora and fauna, with greater than 50% of these endemic species (DENR,
www.denr.gov.ph). The second largest and rarest eagle in the world lives in the
Philippines rainforests in the forest canopy of large trees and is also listed as “Critically
Endangered” on the International Union for the Conservation of Nature’s (IUCN) Red

List: the Philippine eagle (Pithecophaga jefferyi). However, Lewis (1986) reported that



the population of this eagle is declining due to forest degradation and road network
construction. McNeely et al. (1990) indicated that the Philippines’ forest cover is
regarded as one of the world’s “biodiversity hotspots”. A region must meet two strict
criteria to be able to qualify as a biodiversity hotpot: firstly, a region must have at least
1,500 vascular plants as endemics and secondly, the region must have 30% or less of its
original natural vegetation (Myers 1988, 1990, and 2003, Pressey et al., 1993, Ginsberg
1999, Prendergast et al., 1999, Mittermeier et al., 1999, Myers et al., 2000, Mittermeier
et al., 2004). The Philippines is one of 34 hotspots in the world that represent 2.3% of
the land surface and supports > 50% of the world’s endemic plant species (Heaney et al.,
2004 in Mittermeier et al., 2004). According to Olsen’s biogeographic classification
(Olsen et al., 2001), the Philippines tropical forest is designated Tropical and Subtropical
moist broadleaf forest where 297, 179 km? of the original forest has been reduced by
93% to 20,803 km? or only 7% of its forests remains (Heaney et al., 2004 in Mittermeier
et al., 2004). Revilla (1997) reported that at the time of the island’s discovery by
Europeans in 1521, 90% of the country was covered with lush tropical rainforest,
equivalent to 27 million hectares. By 1900, the forest coverage had been reduced to 21
million hectares, and by 1996, there was only 6.1 million ha remaining (Revilla 1997).
Revilla (1997) further stated that in the 1990s, deforestation was reducing the forest
cover at rates ranging from 190,000 to 200,000 hectares per year. Lasco et al. (2001)
reported that major causes of deforestation were attributed to shifting cultivation,
permanent agriculture, ranching, logging, fuel-wood gathering and charcoal-making.

This loss of forest totaling over 25 Gt C has led to Conservation International (ClI)
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ranking the “World’s 10 Most Threatened Forest Hotspots™ including the Philippines as
the 4™ ranked hotspot in the world (Jensen, 2003; Myers, 2003). This reduction and
observed fragmentation of the southern Asian tropical forests has led to reduction in
habitat, endangerment, and extinction of fauna and flora (Brooks et al,. 1997 and 1999).

1.1.8. Protected Areas

In 1992, the Philippines government adopted a conservation strategy through
implementation of the National Integrated Protected Area System (NIPAS), assisted by a
$20 million grant from the Global Environment Facility (GEF) (Heaney et al. 2004 in
Mittermeier et al., 2004). Under this protection are the remaining natural forests types,
which consist mainly of old-growth dipterocarp, mossy, secondary forest, pine and
mangroves. These forests types, however, are open access, and most are located in
highly inaccessible areas. The poor accessibility poses problems for monitoring, and thus
protection is not enforced to the utmost level.

The NIPAS Act of 1992 has identified 240 protected areas in the Philippines.
These protected areas are administered by the Department of Environment and Natural
Resources - Biodiversity Management Bureau. These protected areas cover a total area
of 35,700 square kilometers or 11.9% of the country. However, if protection is
considered in IUCN categories | to IV then only 6% of the country is protected (Heaney
et al., 2004). Protected areas are managed according to their classifications. There are 14
classifications, to wit: national parks, natural parks, natural monuments, protected
landscape, protected landscape and seascape, protected seascape, game refuge and bird

sanctuaries, resource reserves, managed resource protected areas, marine reserves,
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watershed forest reserves, natural biotic areas, wildlife sanctuaries, and wilderness areas.
Verburg et al. (2006) described that in certain locations in the Philippines, hotspots of
deforestation and forest degradation overlap with the protected areas. These
deforestation activities happened in spite of different national policies implemented to
reduce illegal logging and agricultural expansion.
1.2. Carbon Dynamics in the Philippines

The Philippines is endowed with tropical rainforests that could help mitigate
climate change through carbon sequestration. In the Philippines, various studies have
been conducted in selected forest sites aimed at estimating carbon storage (Table 1-1).
Han et al. (2010) piloted a study using destructive sampling approach in 2007-2008 at
Mt. Makiling Forest Reserve in Luzon Island. Their study aimed to compare the carbon
storage and flux between a 60-year old secondary natural forest stand and a large-leafed
mahogany plantation. Their results showed that the total carbon storage in aboveground
biomass, litter layer and soil of the secondary forest stand was 313.12 Mg C ha, which
is 1.7 times larger than the carbon storage of the large-leafed mahogany plantation,
estimated at 185.28 Mg C ha. Soil respiration rate and bacteria count in the secondary
forest is higher than in the mahogany plantation especially during the wet season, which
contributes to higher carbon emissions.

Lasco et al. (2004) also conducted a non-destructive sampling at a similar study
site in 1992-1996. They reported that the secondary forest could store 418 Mg C ha™. In
the southern part of the country, Lasco et al. (2006) studied the effects of selective

logging on carbon stocks of Dipterocarpaceae forests on fixed plots using a
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chronosequence of 1-21 years after logging. They found that unlogged forests had
average carbon stocks of 258 Mg ha %, of which 34% was in soil organic carbon (SOC).
After logging, the above-ground carbon stocks declined by 50%, while changes in SOC
showed no apparent relationship with number of years after logging. Table 1-2 lists
selected research findings on estimates of tropical forest aboveground biomass and
carbon density.

UN-REDD was implemented in the Philippines with a primary partnership
involving the Department of Environment and Natural Resource (DENR). The UN-
REDD Philippines Initial National Programme started with a budget of $500,000 US

(UN-REDD, www.un-redd.org). Its time frame is from January to December 2011.

During this time, DENR established the social and environmental safeguards, set-up a
harmonized methodology for reference baselines, and established a technical working
group mandated to use a national monitoring, reporting and verification (MRV)
approach.

1.2.1. The Study Area: Mount Apo Natural Park

The Mt. Apo Natural Park (MANP) primary conservation area totals 54,974.87
hectares. It is located on Mindanao Island in southern Philippines at 7° 0°30” N latitude,
125° 16 °33” E longitude, with geographic coordinate system of WGS 84, and projection
of UTM 51 N. Figure 1-1 shows the location of MANP research site in the Philippines.
MANP is bounded by two governmental administrative regions: Region XI, which lies

on the north and south portions of the park, and Region XII, which borders the western
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side. Various local government units (LGU) also oversee MANP’s administration
including Davao City in the north, Davao del Sur in the east, and Cotabato in the western
portion of MANP. Figure 1-2 shows the habitat map of MANP with an elevations range
from 600 to 2,954-m, and mean monthly temperature ranges from a low of 26.4° C
during January to 27.9° C during April. Monthly relative humidity ranges from 78%
during March and April, to 82% during June and July. Annual precipitation ranges from
1,135 mm to 4,489 mm, with a mean of 2,500 mm.

MANP is a landscape of steep inclines and craggy boulders on soils that
developed from volcanic parent material that supports lush forests and mossy swamps.
MANP is geothermically active with a number of hot spring spa concessions in the park,
as well as an active energy development program by the Department of Energy of the
Philippines. MANP includes 2 volcanoes: Mt. Apo at 2,954 m asl, which last erupted in
1640 (Kellman, 1970) with most of the lava being deposited on the western slope and
the extinct volcano Mt. Talomo (2,674 m). MANP is the major watershed for two
regions of Southern Mindanao (Region XI) and Central Mindanao (Region XII), with 19
major rivers originating from the volcanic formations (Mt. Apo Natural Park
Management Plan, 2000).

Mt. Apo is also home for six indigenous peoples from the tribes of Bagobo,
Manobo, Ubo, Ata, K’lagan and Tagacaolo. A total of 25,252 individuals from 39
village (or barangay) communities live inside the park (MAFI-c, www.mafi.org.ph).
One-third of this population belongs to the indigents, and the remaining are migrants

from other islands in the Philippines. The indigenous people consider Mt. Apo as a
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sacred ground and a place for worship, and the burial ground of their great forefather,
Apo Sandawa. Politically, some communities still maintain the traditional Tribal
Councils or Council of Elders.

A vegetation cover map of MANP is presented in Figure 1-3. The remaining
natural forests types consist mainly of old-growth Dipterocarpaceae, Bryophytes, pines
and mangroves. MANP is populated with trees mostly from the Dipterocarpaceae
family, including Shorea astylosa commonly called Yakal, which is an endemic listed as
“critically endangered” on the IUCN Red List (Ramos et al., 2012).

Mount Apo Natural Park (MANP) was declared as a National Park on May 9,
1936, by President Manuel L. Quezon by virtue of Presidential Proclamation No. 59
(MAFI-a, www.mafi.org.ph). From 1936, numerous land use policies were adopted
along with the turn-over of leadership in the Philippine government. Amendments were
adopted in 1983 converting over half of the park including forested areas into alienable
and disposable areas, to include agricultural use (Lewis, 1988). Large areas inside the
park were destroyed due to human settlements and agricultural activities (Lewis, 1988).
In 1984, IUCN declared Mt. Apo as one of the world’s most threatened protected natural
areas, drawing international attention. The 1983 amendments were revoked in 1985
during the term of Pres. Corazon C. Aquino, under Proclamation 853, reverting portions
of alienable and disposable areas back to forested area (Lewis, 1988). The Mount Apo
Protected Area Act of 2003, or Republic Act 9237, was legislated in 2004. Mt. Apo is
listed as a natural park, and was established in 2007 as a World Heritage Site. Natural

parks are defined in NIPAS Act (1992) as “relatively large areas not materially altered
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by human activity where extractive resource users are not allowed and maintained to
protect outstanding natural and scenic areas of national or international significance,
educational and recreational use”. Figure 1-4 shows the management zone map of
MANP. Based on the NIPAS Act, a national government strategy was implemented to
divide the natural park into zones with 30,000 ha assigned as strict protection zone,
26,000 ha as managed reserved zone, and 7,800 ha for built-in or multiple use zones.

1.2.2. Dissertation Rationale

This dissertation attempts to provide an estimation of the forest cover, biomass,
and carbon stocks remaining in MANP (Figure 1-1), despite the agricultural and urban
pressures existing in the area. | will also map the spatial distribution of forest biomass
and carbon content at IPCC tier 2 at the species, plot, and landscape spatial scales.

At the landscape spatial scale a tree canopy height, biomass, and carbon maps of
MANP will be created using 2013 commercial airborne radar imagery. Forest carbon
stocks will be compared in the three management zones: multiple use, strict protection,

and restoration (Figure 1-4).

This research endeavors to provide answers to the following questions:

1. How do three different allometric equations developed for tropical forests by
Brown (1997), Ketterings et al. (2001) and Chave et al. (2005) compare in
estimating field collected species-level biomass and carbon stocks across

management zones in MANP? What is the uncertainty of this method?
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. Can algorithms be developed for using Terrestrial Laser Scanning (TLS)
technology to assess plot-level biomass and what is their uncertainty?
. To what degree of uncertainty can Interferometric Synthetic Aperture Radar

(IFSAR) estimate biomass at the landscape level?

This research offers innovation in the following manner:

. Chapter Il will use an IPCC Tier 2 approach, by combining field data in
developing species-specific biomass estimates. In compliance with REDD
guidelines, this study also attempts to assess carbon stocks by forest type. The
field data will also quantify the frequency of occurrence of two endangered
species inside the MANP. Chapter Il will also present the estimation of the
referenced biomass values using three allometric equations, which will be used
all throughout the dissertation. The referenced biomass will be used in lieu of the
biomass data from a destructive sampling approach, which is the approach used
in many previous studies.

. Chapter 111 will use an IPCC Tier 2 approach using field data and high-resolution
TLS data to develop an algorithm for the plot-level biomass and carbon stock
estimates.

. Chapter IV will use an IPCC Tier 2 approach to estimate and map the spatial
distribution of tree heights, biomass, and carbon stocks using field data and

airborne IFSAR.
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1.2.3. Limitations of the Study

This research conducted a one-time inventory of local field and airborne remote
sensing data of MANP from July to August 2013. Consequently, this is an IPCC Tier 2
approach (IPCC, 2006). An IPCC Tier 3 approach requires repeated observations over
time which is not the case of this study. Nevertheless, | hope to provide a baseline
approach for assessing biomass and carbon stocks at various scales in MANP. Security
problems in Region XI forested area also posed restrictions on the research team’s
ability to cover additional sampling areas. A total of 26 plots were sampled, stratified on

the MANP’s management zones, forest types and elevation ranges.

In order to generate a referenced biomass for the MANP, 3 tropical allometric
equations were considered, relating field-derived H and DBH attributes, and published
data on wood density. Other published biomass estimation studies used a destructive
sampling approach to derive oven-dried biomass. This destructive sampling approach,
however, was not allowed inside the MANP, which is a protected area. These tropical
allometric equations also has its pros and cons, which will be discussed in Chapter I1.

1.2.4. Organization of the Dissertation

Chapter Il will address question 1 by inventorying the forest characteristics of the
study area: Mt. Apo Natural Park (MANP). This study will characterizes the structure,
composition, biomass, and carbon stocks of the commercial hardwood trees in tropical
plant communities present in the lowland, midland and upland areas of MANP. Three

tropical allometric equations that were developed by Brown (1997), Ketterings et al.
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(2001) and Chave et al. (2005) will be compared for species-specific biomass and carbon
stocks using tree mensuration metrics. This study will also compare the impacts of three
primary land uses and land cover types on these vegetation characteristics.

Chapter 111 will address question 2 and seeks to develop algorithms for
calculation of plot-level biomass and carbon stocks using terrestrial laser scanning data
(TLS). TLS produces three-dimensional (3D) over- and understory information. A new
referenced biomass algorithms may be developed by comparing the outcomes of using
three tropical allometric equations developed by Brown (1997), Ketterings et al. (2001)
and Chave et al. (2005).

Chapter 1V will address question 3 by producing landscape-level biomass,
carbon, and tree height estimates using interferometric synthetic aperture radar (IFSAR).
Canopy height mapping (CHM) will show the park-level distribution of forested and
non-forested areas. A digitized land management map will also be created, showing
biomass and carbon storage per zone.

Finally, Chapter VV will provide a summary of the findings of the three essays.
Recommendations were also provided and key points for future research efforts are

suggested.
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CHAPTER I
VEGETATION PROFILE AND BIOMASS ESTIMATES

IN MT. APO NATURAL PARK

2.1. Introduction

Mt. Apo National Park was created by Proclamation No. 59 on May 9, 1936, and
amended by Proclamation No, 35 on May 8, 1966. The Mt. Apo Foundation, Inc.
(MAFI) reports that this national park originally covered an aggregate area of 76,900
hectares. Since 1966, numerous land use policies have been adopted along with many
changes of leadership in the Philippine Government. Amendments were adopted
converting forested areas into alienable and disposable areas, to include agricultural use.
During 1960s, there was a considerable deforestation in Mt. Apo due to establishment of
coffee plantations (Meher-Homji, 1991). The Philippine Government, in 1983,
reclassified over half of the park for agricultural use. However, this reclassification was
revoked in 1985 (Lewis, 1988). In 1984, the International Union of Conservation of
Nature (IUCN) declared Mt. Apo as one of the world’s most threatened protected natural
areas, drawing international attention. Large areas inside the park were destroyed due to
human settlements. Ramos et al. (2012) described Mt. Apo as populated with trees
mostly from the dipterocarpaea family, including Shorea astylosa, which is included in
the IUCN Red List of threatened species. Large areas inside the Mt. Apo Natural Park

were also degraded due to agricultural activities.
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On June 17, 1986, prior government amendments were revoked during the term
of Pres. Corazon C. Aquino, under Proclamation 853, reverting portions of alienable and
disposable areas back to forested areas. On September 24, 1996, Mt. Apo Natural Park
was declared by Pres. Fidel V. Ramos, through Proclamation No. 882, a protected area.
Republic Act 9237, or the Mt. Apo Protected Area Act of 2003, was signed into law
declaring an area of 54,974 ha as effective park area, with peripheral areas designated as

buffer zones (MAFI-a, www.mafi.org.ph). On December 18, 2003, the Association of

Southeast Asian Nations (ASEAN) declared Mt. Apo National Park as one of only two
ASEAN Natural Heritage Parks in the country (ASEAN, www.asean.org). MANP was
recognized for its effort to meet United Nation’s Millennium goals on the environment
with respect to reducing biodiversity loss. The other ASEAN Natural Heritage Park is
Mt Iglit in Mindoro, Philippines. This park is the home of endangered tamaraw.

In December 2009, the UNESCO National Commission of the Philippines
submitted MANP for inclusion in the UNESCO World Heritage list. MANP remains in
the Tentative List, and must comply with UNESCO’s Operational Guidelines before it
can be included in the World Heritage List. To be in the World Heritage List, the site
must show its justification of outstanding universal value. Among the justifications
submitted include: (1) Mt Apo belongs to the 15 biogeographic zones in the Philippines
considered to have the highest land-based biological diversity in terms of flora and fauna
per unit area (UNESCO, www.unesco.org), (2) Mt. Apo is considered to be one of the
richest botanical mountains in the region hosting hundreds of rare, endemic and

threatened species of flora. Mt. Apo is the habitat for endemic species. It was estimated
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to have eight hundred (800) vascular and non-vascular plant species that were collected
between 300 meters asl and 1000 meters asl. Among the identified floral species are: 629
species, 42 of which are endemic and 18 species are considered at risk, including the
Vanda sanderiana (Waling-Waling) which is recognized as the "Queen of Philippine
Orchids" and recommended by plant enthusiasts as the Philippine National Flower.
Endemics were identified at each forest formation, between 300 meters asl and 1000
meters asl. These include members of the genera Pipturus, Sauravia and
Poikilospermum. Humalanthus populneus, Elephantopus spicatus, Piper apoanum and
Vanda sanderiana are possibly extinct in the wild. Endemic at mild altitudes include the
endangered Lithocarpus submonticolus and Peperonia elmeri. In the upper montane
forest, the endemic species are Cypholopus microphyllus and Nepenthus copelandi.
Thirty-seven (37) species were highly valued, such as, the endangered Agathis
philippinensis  (Almaciga) and dipterocarps, such as the rare Vatica
manggachapoi (Narig) and Shorea palita (Lauan) (MAFI-b, www.mafi.org.ph).

Aside from the floral species, MANP is also the habitat for a total of 227
vertebrate species. These fauna species belong to 59 families of amphibians, reptiles,
birds and mammals. There were 118 species of butterflies belonging to 69 families
recorded in the area. There are 272 species of birds, wherein 111 (40%) are endemic to
Mount Apo. The Bird Life International (BI) identified 2 species that were classified in

the critical endangered list (Bl, www.birdlife.org). One endemic but critically

endangered bird species is Pithecophaga jefferyi (Philippine Eagle), whose remaining

population is believed to be only around 500 (UNESCO, www.unesco.org). The
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Philippine eagle, the second largest eagle in the world, is of outstanding universal value
for science and conservation. Its nesting and feeding areas are located in dipterocarp
forests including closed canopy forests. The Philippine eagle is not found elsewhere in
the world. It symbolizes environmental preservation, and represents the country as the
national bird.

Mt. Apo is also home for six indigenous peoples from the tribes of Bagobo,
Manobo, Ubo, Ata, K’lagan and Tagacaolo. A total of 25,252 individuals from 39
village (or barangay) communities live inside the park (MAFI-c, www.mafi.org.ph).
One-third of this population belongs to the indigents, and the remaining are migrants
from other islands in the Philippines. The indigenous people consider Mt. Apo as a
sacred ground and a place for worship, and the burial ground of their great forefather,
Apo Sandawa. In terms of political structure, some communities still maintain the
traditional Tribal Councils or Council of Elders.

2.1.1. Rationale

The rationale of this research is to assess forest carbon stocks in one of the
world’s threatened protected natural areas. Mt. Apo is home for endangered flora and
fauna, but noise of chainsaw operations were heard inside the MANP during the
fieldwork activities in August 2013 in the Camp Baroring area. Logging bans were
implemented by the government, but strict monitoring and enforcement may be lacking.
As a UN-REDD partner country, the Philippines is duty-bound to be active in
monitoring deforestation and degradation activities inside protected areas, like Mt. Apo

Natural Park.
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This research uses innovative technologies in compliance with UN-REDD
guidelines to identify carbon content by forest type. An IPCC Tier 2 approach is used.
Tree mensuration metrics were used to estimate species-level biomass, including
endangered tree species identified by IJUCN. These endangered species include: Agathis
philippinensis (Almaciga) and Dipterocarps, such as the rare Vatica manggachapoi and
Shorea palita (Lauan).

2.1.2. Objectives

The objectives of this study are to:

1. Characterize the structure, composition, and biomass stocks of the hardwood
tropical trees in plant communities present in the lowland, midland and upland
areas in the Mt. Apo Natural Park.

2. Compare the allometric equations for deriving biomass from tree mensuration
metrics. The 3 tropical allometric equations will further be assessed on its pros
and cons, and will be evaluated to be used as bases for reference biomass
estimation in the succeeding essays.

3. Compare the impacts of three primary land management zones: the multiple use
(MU), strict protection (SP) and restoration (R) zones, on these characteristics.
2.1.3. Hypothesis
Considering probable recovery from open access agricultural policies of the

1980s, we hypothesize that the SP conservation areas will have the greatest species
diversity, the tallest plants, the greatest diameter-at-breast height (DBH), and the highest

importance value relative to the other two land uses. We further hypothesize that the
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restoration sites will be intermediate between the SP and MU sites, with the MU sites
being the most disturbed. We also hypothesized that the general tropical allometric
equation developed by Chave et al. (2005) will show the most accurate biomass
estimation, compared to the allometry developed from commercial hardwood samples by
Brown (1997) and site-specific equation by Kettering et al. (2001).

2.2. Review of Related Literatures

Various estimates of total carbon for the Philippines have been published that
have used compiled harvest data and forest inventory. Gibbs et al. (2007) reported
national-level forest carbon stocks in developing countries using default values
published by IPCC. Table 1-1 listed these compiled results of the total estimated carbon
stocks in the Philippines. These carbon stock estimates range from 765 to 2503 Mt C
ha! with high uncertainty levels coming from biome-averages.

Drake et al. (2002) reported that tropical forests are among the most carbon-rich
ecosystems in the world. Brown (1996) also stated that tropical forests have a large
potential to sequester carbon primarily through reforestation, agroforestry and
conservation of existing forests. However, Achard et al. (2002) reported that these
resources are being destroyed at rapid rates, with the highest conversion rates in
Southeast Asia. Knowledge of carbon pools and storage with net primary production of
tropical forest is based primarily on a small number of studies. Hertel et al. (2009)
observed that most topical studies are from South and Central America, while precise

data from Southeast Asia and Africa are rare.
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In the Philippines, various studies have been conducted in selected forest sites
aimed at estimating carbon storage. Table 1-2 lists scientific papers examined on carbon
storage in selected areas in the Philippines. First, Han et al. (2010) piloted a study using
a destructive sampling approach in 2007-2008 at Mt. Makiling Forest Reserve on Luzon
Island. Their study aimed to compare the carbon storage and flux between a 60-year old
secondary natural forest stand and a large-leafed mahogany plantation. Their results
showed that the total carbon storage in aboveground biomass, litter layer, and soil of the
secondary forest stand was 313.12 Mg C ha, which is 1.7 times larger than the carbon
storage of the large-leafed mahogany plantation, estimated at 185.28 Mg C ha*. Soil
respiration rate and bacteria count in the secondary forest was higher than in the
mahogany plantation especially during the wet season, which contributes to high carbon
emissions. Second, Lasco et al. (2004) also conducted a non-destructive sampling of a
similar study site in 1992-1996. They reported that secondary forest can store 418 Mg C
hal. Finally, in the southern part of the country, Lasco et al. (2006) studied the effects of
selective logging on carbon stocks of dipterocarp forests on fixed plots using a
chronosequence of 1-21 years after logging. They found that unlogged forests had
average carbon stocks of 258 Mg C ha?, of which 34% was in soil organic carbon
(SOC). After logging, the above-ground carbon stocks declined by 50%, while changes
in SOC showed no apparent relationship with number of years after logging.

Various studies were conducted using limited sampling plots. Ribeiro et al.
(2008) published a study on aboveground biomass and leaf area index mapping for the

Niassa Reserve, northern Mozambique. Fifty circular plots were established in
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homogeneous areas of vegetation within the 23,000 km? conservation area. In another
study, Ribeiro et al. (2013) conducted a study of vegetation dynamics and carbon stock
density in miomo woodlands in Niassa National Reserve, the 14™ largest protected area
in the world. Their team established 50 permanent sampling plots over the protected area
of 42,000 km?. Plot selection was largely limited due to accessibility issues. However,
the plots were almost evenly distributed across the vegetation gradient.

2.3. Data and Methods

2.3.1. Data Acquisition

The study team secured a research permit from the Mt. Apo Protected Area
Management Board (PAMB) prior to conducting any fieldwork. The PAMB is
composed of representatives from various stakeholders including, national and local
government units, civic organizations, and tribal communities residing within the park.
Aside from closely coordinating with PAMB, written communications were sent and
courtesy visits were also made to the 5 local government units that surround MANP.
These local government units are: three cities of Davao, Digos and Kidapawan, and two
municipalities of Magpet, and Makilala.

Field sampling was conducted in July and August 2013. Twenty-six 30-m
diameter forest stands were established in July and August 2013, in a manner similar to
Ribeiro et al. (2013). The location of 26 study plots inside MANP is presented in Figure
2-1. The center of the plot was geographically referenced using a Garmin Il plus
Geographic Positioning System (GPS) unit. A Kestrel 3500 weather unit was also used

to provide information on altitude, temperature, wind speed, and relative humidity.
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Finally, a compass was employed initially to locate directions to guide where to place
the scan targets.

2.3.1.1. Structure

Stems taller than breast-height of 1.37 m with a diameter-at-breast-height (DBH)
>5 cm were recorded using a DBH tape. Tree height, and canopy diameter were
measured using a Laser Technology TruPulse laser hypsometer, and canopy cover using
a concave spherical densiometer, and basal area index (BAI) using factor prism were
also measured for all trees.

2.3.1.2. Flora and Species Composition and Distribution

Individual species for hardwood trees were identified by local names with the
help of a native guide. Local names for tree species were identified to family name by
the technical staff of the Watershed Management Department of the Energy
Development Corporation (EDC, www.energy.com.ph). Species and family names were
identified using the manual on collection of plants in a 1-hectare sampling plot in EDC
by Amoroso (2013), and from an interactive outpost of Co’s Digital Flora of the

Philippines (www.philippineplants.org). Information for wood densities was collected

from the website of World Agroforestry Center (www.worldagroforestry.org).

This study utilized the importance value index (IVI) to provide a synthetic
measure of species composition and distribution within a stand, between each land use,
and across the entire park (Kunwar and Sharma, 2004). Importance values rank species
within a stand based on three criteria. These criteria include relative frequency, which

measures how commonly a species occurs relative to the total number of species,
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relative abundance or density which is the total number of individuals of a species
relative to the total number of individuals for all species, and lastly, relative dominance
measures the total amount of forest area occupied by a species relative to the area
occupied by all the species. Each criterion for a particular species was computed as:
RF = [Frequency (species i)/ Sum of frequencies of all species] X 100 (Eq. 2)
RD = [Density (species i) / Sum of densities of all species] X 100 (Eq. 3)
RDo = [Total basal area (species i)/Sum of basal areas of all species] X 100 (Eq. 4)
Where RF is Relative Frequency, RD is Relative Density, and RDo is Relative
Dominance and
RF + RD + RDo = IVI (Eq. 5)
The computation for stock density or basal area is:
BA (i) = (2/40000) D? (i)/A (Eq. 6)
Where 1 is the local species name = 1,2,....,52, D 1s the DBH, and A is the area of the
plot = 0.071 ha. The maximum importance value for any one species is 300. These IVI
indices were then ranked for comparison between species and between three land
management zones identified by the Mt. Apo Foundation, Inc (MAFI-e,

www.mafi.org.ph). The three management zones are shown in Figure 1-4. These land

management zones are the multiple use (MU), strict protection (SP) and restoration (R)
Zones.

2.3.2. Modelling for Referenced Biomass

Both species-specific and plot-level aboveground biomass was estimated using

three allometric equations developed by Brown (1997), Ketterings et al. (2001), and
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Chave et al. (2005) respectively. Biomass was estimated for the ten leading species, as
identified from 1VI results. Plot-level biomass, based on the same 3 equations, was also
calculated showing mixed species wood densities.

Brown (1997) developed an allometric equation using the destructive sampling
method for tropical forests in Kalimantan, Indonesia and other tropical areas. The
equation related oven-dried biomass with stem diameter. Height was omitted as it was
observed to be related to site-specific stem diameter (Ketterings et al., 2001). Brown’s
data was collected by various investigators from different tropical forest areas at
different times (Basuki et al., 2009). The data covers 170 sample trees, with a DBH
range of 5 to 148 cm. Brown’s method was used in the FAO 2005 Forest Assessment of
the Philippines to estimate plot to country-level forest biomass stocks (Saket et al.,
2005). A limitation for this model is that it is based on old forest inventories, with 1970s
or earlier. These national forest inventories covered sites where there are viewed to have
large commercial values, e.g., closed forest, and with little regard to open, drier forests
or woodlands, where people extract other non-timber resources. The range of DBH is
from 10-80 cm.

Chave et al. (2005) developed a pantropical model that included tropical forests
in America, Asia and Oceania. This model was developed using time-series data from
1950 to 2005 from 27 study sites producing 2,410 tree samples from mixed species with
a DBH range of 5 to 156 cm. These tree samples represent areas from young, secondary

and old-growth forest types.
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Ketterings et al. (2001) established a site-specific allometric equation using
destructive sampling in mixed secondary forest in Sumatra, Indonesia. This study
utilized 29 trees from 14 genera with a DBH range from 7.6 to 48.1 cm.

Tree biomass equals the product of the volume and the density. Wood density
(WD) was estimated in Ketterings et al. (2001) with an average of 0.60 kg dm™ (range of
0.53 - 0.67 kg dm™®). A comparable spread was also observed in other mixed tropical
forests. Brown et al. (1995) in their study of Amazonian forest estimated a WD average
of 0.67 + 0.09 kg dm™ (0.52-0.80 kg dm™. Brown (1997) estimated an average of 0.71
kg dm™ from 428 species in Asia. Brown and Lugo (1984) showed a global average for
tropical forests of 0.62 kg dm=. Uhl et al. (1988) in their study of 30 common tree
species conducted in Paragominas, Para State, Brazil reported a value of 0.71 kg dm™,

2.3.3. Data Processing Flowchart

The collected field data was processed to estimate species-level biomass. Figure
2-2 shows the data processing flowchart for biomass estimation. The primary data on
tree metrics [DBH and height (H)] were processed to estimate biomass. Secondary data
and land-use map graphics were acquired with permission from the Mt. Apo Foundation,
Inc. (MAFI) website (www.mafi.org.ph) and used to characterize management zones
and vegetation profiles.

A hypothesis test using Chi-squared distribution was performed to check if the H
and DBH samples across three management zones came from the same reference data.
An importance value index was also computed for the 52 species. A third tree metric,

wood density data, was also gathered from the World Agroforestry Center. These
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statistical metrics were considered to compute for a referenced biomass that will be
further used in the succeeding chapters. The aboveground biomass (AGB) was estimated
based on the three tropical-designed allometric equations from Brown (1997), Ketterings
et al. (2001), and Chave et al. (2005). Two levels of biomass estimation was computed: a
species-level and a mixed species or plot-level.

2.4. Results and Discussions

A total of 1,382 individual trees belonging to 52 local species were recorded.
These samples were found in the 26 plots. These study plots were mostly located in the
north and west side of the Mt. Apo Natural Park. Our research group attempted to enter
the eastern side, or the Davao City portion, but we were strongly advised by the
Philippine Army to defer this field visit due to the reported presence of communist
rebels in the mountain area. The group also did not attempt to go to the southern side,
Bansalan and Sta. Cruz, for similar security reasons. Added to this reason is that the
vegetation cover in the southern multi-use management zone of MANP is mostly
covered with coconut plantations.

A profile of study plots by land cover type is presented in Table 2-1. Eleven plots
were mapped inside the closed-canopy forest, with a total of 32 species sampled. Open
canopy forests were represented in 9 plots, containing 27 species. There were also 6
plots sampled inside the cultivated areas, with 21 species.

Table 2-2 lists the classification of the study plots by management zone. Thirteen
stands were sampled within the multiple use (MU) management zone. These plots were

located in Sayaban, Kidapawan City (N=2), Bongolanon, Magpet (N=4), New Israel,
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Makilala (N=3) and Kapatagan, Digos City (N=4). A total of 34 species within 638
individual trees were sampled.

Seven stands were established within the strict protection (SP) zone. A total of
465 individual trees belonging to 28 species were measured. These sampling plots were
located in Lake Venado (N=2), Makadak (N=3) and EDC reforestation sites (N=2).

Six stands were also established in the restoration (R) zone that were located in
Agco (N=2) and Matiaw (N=4) areas. A total of 279 individual trees were measured that
belonged to 23 species.

2.4.1. Habitat Type

The habitat map for the park is shown in Figure 1-2. Distribution of the study
plots by elevation range and habitat type is provided in Table 2-3. The park is classified
into five distinct habitats. Lowland forest or lowland evergreen is located at elevation
range of 600-1200 masl. This forest type is covered by multi-strata rainforest with closed
canopy ranging from 10-20 m high. This area is also covered by secondary forest and
open cultivated and denuded areas. Five plots were sampled falling in the lowland
evergreen forest. These plots were located in Sayaban, Kidapawan City, and New Israel,
Makilala.

Montane or low montane ranges from 1200-1500 masl, where vegetative
structure is relatively lower in stature. Ten plots were located in the lower montane
habitat site. These plots were located in Agco, Kidapawan City, Bongolanon, Magpet,

and Sitio Matiaw, Kidapawan City.
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Mossy forest or high montane is located in elevation ranges from 1500-2500
masl which are characterized by high density of epiphytes, mosses and liverwort. Eleven
study plots were established in the upper montane area. These plots are located in Lake
Venado, Makadak, and Kapatagan, Digos City.

Summit area is found in elevation greater than 2500 masl on steep walls. This
area is mostly occupied with tall grasses. No sampling plots were established in this area
due to absence of hardwood trees species.

All the study plots were distributed as either an open canopy, with mature forest
covering <50 percent, or a closed canopy forest, with mature forest covering >50
percent. The southern part of the park (Sta. Cruz, Davao del Sur) is mostly dominated
with coconut plantations, while areas in Bansalan are mostly cultivated areas.

2.4.2. Tree Height and Stem Diameter

Tree heights and stem diameters differed across management zones. Table 2-4
showed the descriptive statistics by management zone, detailing tree height, stem
diameter, elevation range and number of species per zone. The multiple use zone has H
range of 2.1-35 m, DBH range of 9.5-293 cm, and has the most number of species,
totaling to 34 distinct local species. The strict protection zone has H range of 2.3-27.1 m,
DBH range of 6.5-441 cm, and contains 28 species. The restoration zone has H range of
2-38.4m, DBH range of 9-432 cm and has the least number of species, with only 23
species. The restoration zone contained both the tallest tree (Agoho) and the biggest tree

with largest DBH (Tinikaran).
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Figure 2-3 provides a look at the frequency distribution of tree height by
management zones. Tree heights were categorized by height size class of < 2 m to the
maximum height class of 35-40 m. The over-all height distribution were: <2 m, 3 trees,
2-5m, 147 trees, 5- 10 m, 660 trees, 10-15 m, 309 trees, 15-20 m, 162 trees, 20-25 m, 55
trees, 25-30 m, 23 trees, 30-35 m, 13 trees, and 35-40 m, 5 trees. All of the management
zones listed 1 tree having a height of < 2 m. Each class size shows the topmost number
of trees per management zone. Trees with height range of 2-5 m and 5-10 m are mostly
found in the strict protection zone. However, as height increases to the class sizes of 20-
25 m, 25-30 m, and 30-35 m, most of the tallest trees are found in the multiple use zone.
Agoho (H=38.4 m), which is a pine tree, is the tallest tree found in the restoration zone.
This observation may be attributed to the species diversity (N=34) that promotes tree
growth and height.

The frequency distribution for stem diameters by management zone is found in
Figure 2-4. Trees were classified by stem diameter class size, from 5-10 cm, to a
maximum class size of 401-500 cm. The over-all DBH distributions were: 5-10 cm, 7
trees, 11-50 cm, 824 trees, 51-100 cm, 346 trees, 101-150 cm, 116 trees, 151-200 cm, 32
trees, 201 - 250 cm, 20 trees, 251-300 cm, 10 trees, 301-400 cm, 3 trees, and 401-500
cm, 2 trees. The two largest trees were found in the strict protection zone (Tinikaran,
DBH= 441 cm) and the restoration zone (Ulayan, DBH = 432 cm). Trees with stem
diameters of 2-5 cm, and 5-10 cm, were mostly found in the strict protection zone.
However, wider stem diameters from 10-15 c¢cm, and up to the class size of 30-35 cm,

were predominantly found in the multiple use zone.
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A Chi-squared procedure to test for normality of distribution was applied. Table
2-5 shows the result of the test for normality for H and DBH. These hypothesis tests aim
to ascertain if the distribution for H and DBH across the management zones come from
the same reference distribution. For H distribution, a test value of 0.9872 shows that it
failed to reject the null hypothesis that the samples come from the reference distribution.
A similar conclusion can be derived for the DBH distribution at a test value of 0.8980 at
a 95% confidence interval.

The collected local tree species were ranked based on their frequency. Table 2-6
shows the frequency distribution for 52 local tree species. An important finding can be
gleaned from these results related to the 2 endangered species. Agathis philippinensis
(Almaciga) was only sampled in 3 out of the total of 1,382 trees. These sampled
Almaciga trees were only mapped in the closed-canopy forest. On the other hand, a
higher frequency of occurrence is observed in Shorea palita (Lauan), where 59 trees
were mapped. Lauan trees were found in all three land cover types. However, Lauan
trees made up only 4% of the total trees.

The results from the MANP fieldwork were compared to the results of field study
conducted by Lasco et al. (2004) in the northern side of the country, in Mt. Makiling
Forest Reserve. They measured trees with DBH range from 5-166 cm, and height range
from 2.5-24 m. MANP trees are bigger in DBH, with range of values from 6.5 — 441 cm.

MANP trees are also taller, with H range from 2-38.4 m.
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2.4.3. IVI Index

Figure 2-5 shows the results for the IVI index for the top 20 ecologically
important species, based on the species frequency from the total of 52 species. The top 5
ecologically-important tree species, based on IVI index, were: Tinikaran (I\VI=67),
Ulayan (IVI=61), Tapol (IVI=57), Philippine Cedar (IVI= 55), and White lauan
(IV1=46). The next 10 ecologically-important species are: Kalingag (IV1=44), Madsum
(IV1=43), Abo-abo (IVI=35), Asik-asik (IVI=34), Indang (IV1=33), Manok (I1VI=26),
Alingatong (IV1=25.4), Basikong (IVI=25), Angelo (IVI= 24.5), and Mahogany
(IV1=23). The last 5 ecologically-important species are: Agoho (IVI1=21.1), Tambis
(IV1=21), Banti-banti (IVV1=20), Balingos (IV1=18), and Malatambis (1V1=17).

The results shown in Figure 2-5, however differ when the 1VI index is computed
according to management zone. Philippine cedar (IVI= 26) is the topmost ecologically
important tree species in the multiple use zone, while Agoho (IVV1=31) is the leading tree
species in the restoration zone. For the strict protection zone, Tinikaran (IVI=71) is the
most important tree species.

A similar study was conducted by Arsenio et al. (2011) on the vegetation of Mt.
Maculot, in Pampanga, northern part of the Philippines. They used IVI as a tool in
identifying measures for biodiversity conservation for the 61 species belonging to 51
genera and 28 families. Their results showed that the tree species with the highest
importance value index were: Canarium asperum Benth (Burseracea) (IVI=22.71),

Diplodiscus paniculatus Turcz. (Malvacaea) (IVI=21.91), Bischoffa javanica BI.
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(Phyllanthaceae) (IV1=20.94), and Palaquium philippinense (Perr). C.B. Rob.
(Sapotaceae) (1V1=15.72).
2.4.4. Species-specific Biomass
The allometric equation developed by Brown (1997) for tropical forest is:
TAGB =exp (-2.134 + 2.53 In (DBH)) (Eq. 7)
where TAGB is total above-ground biomass in kg tree’* and DBH is in cm.
Kettering et al. (2001) developed an equation of:

TAGB =rp®9(DBH)?*¢  (Eq. 8)
where r is a parameter that is constant over wide range of geographical areas, p #?is the
average wood density for the study area, and c is the parameter estimated by relating
DBH and H. Ketterings et al. (2001) used these values: r is 0.11, p 9 is 0.604 g cm=,
and c is 0.397.

Chave et al. (2005) generated an allometric equation of:
AGB = exp(-2.977 + In (pD?H) = 0.0509 x pD?H  (Eq. 9)
where p is the species-specific wood density (g cm=), D=DBH (cm) and H is height (m).
Of the 52 species, there were 31 hardwood species which only had fewer than 10
tagged trees. There are also 11 species for which the number of sampled trees was
between 10-35. This limited number of observations for 42 species restricts the
estimation of species-level biomass. Table 2-7 shows the species-specific biomass
estimates for the top 10 species, based on the frequency of occurrence.
Results using the Brown (1997) equation showed the highest biomass level in kg

tree’!, as it only considered DBH as its independent variable. When additional variables

38



were added to the equation, like wood density and H, the equation provided a more
comparable range, as shown by the biomass estimates between Ketterings et al. (2001)
and Chave et al. (2005).

Wood densities for the top 10 tree species are also shown in Table 2-7. Range for
WD is 0.51-0.77 g cm™. Wood densities for Tapol and Asik-asik adopted the average
WD of 0.71 g cm™ from Brown (1997).

Tinikaran (N=319 trees) has the highest number of trees in the sampled plots
with DBH range of 12-441 cm, and H range of 2.3-25.2 m. Leptospermun flavescens or
Tinikaran is an indigenous forest species in MANP. Average biomass levels were
estimated as: 7,391.6 kg tree’* by Brown (1997) equation, 2,070.3 kg tree by Ketterings
et al. (2001) equation, and 1,623.8 kg tree ™ using Chave et al. (2005) equation. Figure 2-
6 shows the IVI index by management zones. This figure displays that some species
were found in all zones, while others are only found in a specific zone. Species like
Almaciga, Malatambis, Nato, Kalisaw were only found in the SP zone. Agoho is only
found in R zone. Tambis, Bay-ang and Kape are only found in MU zone.

Most of these local trees are endemic to the park, and thus there are only a few
species-specific biomass estimates available in the literature. Han et al. (2010) using the
destructive sampling method, reported carbon storage of 313 Mg C ha! for a natural
forest stand in Mt. Makiling Forest Reserve, Philippines and carbon storage of 185 Mg C
ha™! for a mahogany plantation. Lasco et al. (2004) also conducted a study in the same
area using non-destructive sampling, and reported carbon storage of 418 Mg C ha™.

Another study by Lasco et al. (2006) in a selectively logged Dipterocarpaceae forest in
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Surigao del Sur, Philippines, estimated carbon stocks of 258 Mg C ha, and 34% of soil
organic carbon.

The results for the species-specific biomass estimates supported the findings in
IVI ranking. The top ten species with the highest biomass were also the ten top
ecologically important species, with the exception of Mahogany (IVI rank=15).

The number of species in each plot provided information on the species
heterogeneity. Figure 2-7 showed the pie chart distribution of the number of species per
plot. Nine plots contained 1-5 species, 11 plots have 6-10 species, 4 plots have 11-15
species, and 2 plots have the heterogeneity of 16-20 species. A closer inspection relating
plot heterogeneity and biomass level did not support direct correlation. Biomass was
largely related to the DBH and H attributes of the species.

2.4.5. Plot-level Biomass

Biomass was also estimated for mixed species by plot level. Table 2-8 presented
the actual mean biomass by DBH class size. For small DBH class size of 5-50 cm,
Brown (1997) exhibited the largest biomass estimate compared to the two equations. As
DBH class size increases, Chave et al. (2005) consistently showed the intermediate
biomass estimates, and the most accurate values. Estimates from Brown (1997) tends to
show at least 2x bigger than Chave et al. (2005) values. Over-all, Chave et al. (2005)
showed the intermediate estimates across all class sizes, and is the most accurate
biomass estimate. The allometric equations developed by Ketterings et al. (2001) is

site-specific, and Brown (1997) is biased to commercial timber.
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Plot-level mean biomass is shown in Table 2-9. Plot-level information is
provided on the total number of trees sampled, number of species present, DBH range,
and H range. Biomass levels were compared using the similar three allometric equations
considered in estimating species-specific biomass. A similar observation was noted with
the species-specific biomass estimates, regarding the highest biomass amounts using
Brown (1997) equation. Brown (1997) tend to show at least 2x higher than Chave’s
estimates. Biomass estimates using the Ketterings et al. (2001) and Chave et al. (2005)
equations showed comparable figures. Chave et al (2005) showed the best estimate.
Plots from Antapan and Lake Venado 2 showed the highest level of biomass. These plots
also showed the highest range of DBH, with trees measuring up to 432 cm and 441 cm,
respectively. Plots with at most 2 species, Sayaban Elementary, Godi-godi 1, Makadak 1
and Makadak 3, did not show high biomass values. The high number of species per plot,
like in the case of Coong-Matiaw (N=104), Makadak 2 (N=93), and Sayaban High
School (N=89), also did not show high plot biomass storage. This plot biomass
characterization suggested that high biomass storage is mostly attributed to the DBH.

Table 2-10 shows the carbon stock estimates by management zones. Carbon
content is 50% of the biomass values (Westlake, 1966). The mean carbon stocks were
estimated using the three tropical allometries. In terms of species frequency, the MUZ
has the most number of trees species (N=34). The SPZ has the second highest number of
28 tree species, while the RZ has the least number of 23 tree species. MUZ, despite
having the highest number of plots, and most heterogeneous species, showed the 2"

largest carbon content. On the other hand, RZ with the smallest plots and number of
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species, showed the highest carbon content, with mean of 2,721 kg C tree. Carbon
estimates generated from Chave et al. (2005) equation showed the intermediate values
and the most accurate estimation. Relating to the plot biomass information in Table 2-9,
RZ contain Plot Antapan, which has the highest biomass storage.

Finally, carbon stocks by land cover type are presented in Table 2-11. Thirty-
seven plots from the closed-canopy forest contain the highest number of species sampled
(N=37). Twenty-seven plots from the open-canopy forest contained 27 species. Six plots
from the cultivated area have 21 species. The equation from Chave et al. (2005) also
showed the intermediate carbon values. The highest carbon storage is found in the
closed-canopy forest with mean value of 3,142 kg C tree™. This result is consistent to the
hypothesis established.

2.5. Conclusions

This study aimed to provide a profiling for the various types of plant
communities present in the lowland, midland and upland areas in the park. The results
showed that smaller trees with stem diameters of 2-5 cm, and 5-10 cm, were mostly
found in the strict protection zone. However, wider stem diameters from 10-15 cm, and
up to the class size of 30-35 cm, were predominantly found in the MUZ. In terms of
height attributes, most of the tallest trees were found in the multiple use zone. Over-all,
these findings showed that MU zone contained the highest species diversity, which
rejected the hypothesis set for the SP zone. However Tinikaran, an indigenous forest
species, and has the highest importance index, is dominant in the SP zone. R zone has

the least number of species, but contained the highest biomass, with the biggest DBH of
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432 cm in Plot Antapan, and also has the tallest tree, Agoho (H= 38.4 cm), a pine tree
from Plot Matiaw 3. Half of the sampled plots represent areas in the MU zone.
Additional plots can be mapped in areas from SP and R zones, when security issues can
be settled, to allow further collection of field data. Plot biomass results suggested that
high heterogeneous mix of species do not support high biomass storage. Large DBH as
in the case of two plots, Antapan and Lake Venado 2, with DBH of 432 and 441 cm,
contributed to the highest biomass content.

IVI was also used as an index of ecosystem importance and as a quantifier for
vegetation studies. From the 52 listed species, the results for the top 10 highest species-
specific biomass also supported the findings in IVI ranking. The IVI results also showed
low frequency of occurrence for the 2 endangered species, Agathis philippinensis
(Almaciga) and Shorea palita (Lauan). The findings implied a stark reduction of these
species inside the protected area.

Most of these 20 species, which were developed into species-level biomass, have
limited existing literature to be used for comparison in terms of species-specific biomass
estimates. The existing local species with biomass estimates include mahogany and
Dipterocarpaceae.

The 3 tropical allometric equations have shown how referenced biomass can be
estimated. Brown (1997) equation exhibited large biomass values, usually at least 2x
bigger than Ketterings et al. (2001) and Chave et al. (2005). This big difference is
attributed to the fact that FAO used national inventories which were mainly based on

commercial hardwood timber volumes, mostly with large DBH. Another allometry
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developed by Ketterings et al. (2001) tended to show the smallest biomass values among
the three equations. This is attributed to the fact that this equation was developed in a
site-specific forest condition in Indonesia, where constant parameters were used: a) to
reflect geographical area (r = 0.11), b) average wood density for the study area (p &9 =
0.604 g cm™®), and c) fixed parameter estimated by relating DBH and H (c=0.397).
Chave et al. (2005) has shown to be the best estimation approach in both the species-
level and plot-level biomass estimation. This equation was developed from pan-tropical
forest zones, and has considered wide variations for DBH and H, and species-specific
wood density information. In the succeeding essays, these three allometric equations
will be continued to be assessed in generating referenced biomass, and relating to
various remotely-sensed biomass metrics.

Management zoning also provided insights on plot heterogeneity, which were
helpful to promote species dynamics and growth structure. Ground-based forest
inventory will further be validated using remote sensing approach to help quantify
carbon stocks in inaccessible forested areas. It is also recommended to add permanent
field plots to other areas that were considered critical areas during the 2013 fieldwork.
These plots can help characterize vegetation dynamics in this uncovered portion of
MANP. These biomass data will be beneficial for the Mt. Apo’s forest inventory, as well
as in monitoring, reporting and verification activities in line with the REDD program.
These results will be considered as a first step for monitoring species-level carbon stocks

and vegetation dynamics over time.
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CHAPTER 11
ASSESSMENT OF TROPICAL FOREST BIOMASS USING TERRESTRIAL

LIDAR SYSTEM

3.1. Introduction

Measurement and quantification of forest structure is a vital step in developing a
better understanding of how forest ecosystems work (Drake et al., 2002). The ability to
estimate forest biomass is an important step in estimating the amount of carbon in
terrestrial vegetation pools, and relating its significance to global carbon cycle studies.
The terrestrial LIDAR system (TLS) offers the benefit of extracting forest structural
metrics at the plot-level, which are cost-effective compared to rigid field measurements.
These vertical structures can be used to estimate above-ground carbon storage (Lefsky,
2010). LiDAR remote sensing provides the technological capability to assess woody
plant structures at a high-level of detail, thereby allowing more accurate estimates of

biomass over large geographic areas.

TLS technology provides objective and consistent, though not necessarily
unbiased measurements due to the influence of scanner parameters, scan resolution,
speed and pulse duration (Pueschel, 2013). To increase accuracy in the extraction of tree
metrics, the attempt to scan objects should be scanned from multiple locations to reduce
the problem on shadowing, or occlusion of background objects by foreground objects.

Basic inventory tree metrics that have shown accuracy in extraction are: tree location,
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stem density and diameter-at-breast-height. Other important metrics, however, such as
tree height and stem volume, have not so far been retrieved with high accuracy.
3.1.1. Rationale

This essay displays the application of Tier 2 approach as required by the
Intergovernmental Panel on Climate Change (IPCC). A high-resolution TLS data will
be added to the field measurements in developing an algorithm for the plot-level
biomass. In compliance to the Reducing Emissions from Deforestation and Degradation
(REDD) guidelines, the carbon content will also be assessed by forest type (Olander et
al., 2008).

This research attempts to provide an answer to this question: how can TLS
technology be helpful in developing a plot-level biomass model? TLS-extracted height

metrics will be related to reference biomass using ecological models.

3.1.2. Object