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Abstract: This study investigates the integration of assisted natural regeneration (ANR) and selective
logging (SL) to guarantee a sustainable forest operation in the Philippines using agent-based modeling.
To assess the sustainability of the operation in light of the revenue from timber harvesting and the
health of the forest in terms of the total number of trees, various simulations were run on a theoretical
forest modeled after the Mount Makiling Forest Reserve in the Philippines. The findings of the
simulation have shown that, even after many years of continuous use, the performance of SL on
a healthy forest similar to the theoretical forest is substantially identical with and without ANR.
The “with ANR” setup, however, was able to demonstrate a considerably better and more stable
harvest value over the final 100 years than the “without ANR” setup. In terms of ensuring sustainable
forest cover, simulation findings showed that even after 500 years of continuous SL activity, the
forest cover could be maintained to up to 80% with ANR. The model has shown that with the right
combination of reforestation efforts and timber harvesting methods, a sustainable forest operation
can contribute to the country’s economic needs for timber production while ensuring that the forest
is actively managed.

Keywords: agent-based model; sustainable forestry; selective logging; assisted natural regeneration

1. Introduction

The Philippines was colonized by the Spaniards way back in 1521 and the country
then had about 27 million hectares, or 90% of the country, still covered with forests [1,2].
However, in 1934, the forest cover declined to about 57% and in 2003, the country’s
remaining forests further dropped to only about 24%. In 2010, the forest cover in the
country was estimated by the National Mapping and Resource Information Authority
(NAMRIA) to be around 24% only and this accounts for about 6.84M ha of forests [3].
However, with the passing of the National Greening Program in 2011 through Executive
Order No. 26 which aims to plant 1.5B trees in 1.5M ha from 2011 to 2016, the country’s
forest in 2015 increased to 7.01M ha [3]. The country has observed further forest gain with
the last 2020 statistics on Philippine forests, which are currently estimated to be around
7.23M ha [3]. Despite this optimistic increase, the country’s forest cover is still lagging
behind the global average of 30% [4].

Forests provide one of the most important renewable natural resources, wood. The
Philippines requires 6 million cubic meters (m3) of wood annually, based on its 2006–2014
average wood consumption [5]. However, due to years of unsustainable forest practices,
various policies were enacted in the country that restricted timber harvesting starting in
the late 1980s, culminating in Executive Order No. 23 in 2011 (EO 23) [6]. This moratorium
imposed a total ban on the cutting and harvesting of timber in natural and residual forests
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nationwide. These government bans on forest operations have led to a serious shortage
of local wood supply, with local sources able to provide only 25% of wood demand while
the rest are sourced through imports [5]. Thus, there is a need for intensive quantitative
and qualitative impact analyses of these policies to determine whether they should be
continued, amended, or abolished [7].

Due to the inherent complexities in the dynamics of forest growth, coupled with the
need to assess the long-term effects of forest management regimes, models have become a
crucial component in many forest planning processes [8]. One of the most recent efforts
to assess multiple forest management regimes is described in the paper “Forest Conser-
vation in the Philippines: An Economic Assessment of Selected Policy Responses Using
a Computable General Equilibrium (CGE) Model” by Stenberg and Siriwardana [9]. A
CGE model was used to investigate the economic impact of four policies (i.e., selective
logging, stumpage tax, forestry discount rates, and set-aside areas) described in the Master
Plan for Forestry Development that was implemented in the Philippines from 1991 to
2015. Simulation results showed that economic growth that enables forest conservation is
possible with the combination of selective logging and set-aside areas. However, the study
was limited to a small open economy with an equation-based forestry submodel that uses
1998 Philippine data.

With the improvements in geographic information systems (GIS) and remote sensing,
abundant data on forests have been made available. Simulation models coupled with
GIS provide a more site-specific and up-to-date analysis of forest status and the impact of
management regimes. Thus, there is a need for a simulation model using GIS data that can
assess different policies and determine how each, or a combination of them, can contribute
to sustainable forestry.

1.1. Agent-Based Modeling

Advances in modeling led to the development of methodologies for policy modeling
that can capture multiple crucial interactions, describe mechanisms and processes, and
provide likely trajectories [10]. One of the most extensively used methodologies to describe
policies and understand forest growth dynamics is the agent-based modeling (ABM) ap-
proach. ABMs are developed to model autonomous decision-making entities, called agents,
interacting in a virtual environment [11]. In policy analysis, good ABMs come as a natural
tool where policy analysts and decision-makers can explore potential macro-effects of
different policy interventions as an ex-situ experimentation of a real-world setup [12]. Fur-
thermore, ABM is also considered a powerful simulation tool that can capture the behavior
and interaction of diverse components in a complex socioeconomic system (SES) [13]. More
advanced ABM tools can also provide support for building spatially explicit simulations
based on GIS data and executing large-scale simulations that can better describe SES [14].
The relevance of ABM in modeling forest resource management has been demonstrated
through previous case studies [15,16].

In this light, this paper presents a first attempt to utilize the ABM approach to model
forest growth and test forest management regimes that aim to promote sustainable timber
harvesting in the context of the Philippines. We describe an ABM of a sustainable forest
operation (hereafter referred to as GIS agent-based modeling architecture or GAMA Forest
Model) on a theoretical forest that was created using data based on an actual forest inventory
conducted in the Philippines.

1.2. Forest Management Regimes

Typical forest management activities involve stand regeneration, timber harvesting,
and silviculture, with many forest resource management objectives being achieved through
active timber resource management [17]. Among the different timber harvesting strategies,
there is a general view that selective logging (SL) is widely implemented and crucial to the
economy [18]. SL is the removal of selected trees in the stand that are more economically
valuable. In the context of ecosystem multifunctionality, with one of the variables being
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wood production, it has been determined that SL is a good management technique [19].
However, recent studies have emerged questioning the sustainability of SL [20].

On the other hand, forest regeneration activities can be classified into two: natural
regeneration and active restoration. There is an inverse relationship in terms of economic
potential and biodiversity benefits between the two, with natural regeneration being more
beneficial to the biodiversity of the forest but with less economic potential. In contrast,
active restoration is the opposite [21]. Between the two extremes lies assisted natural
regeneration (ANR), a mix of active planning and passive restoration. The goal of ANR is to
restore denuded forests by following and enhancing the natural ecological succession [22].
Pioneer species are let to grow or assisted to out-compete gap species such as grass and
prepare the environment for higher forms of vegetation, i.e., climax species. ANR typically
involves the use of indigenous species, thus helping restore biodiversity and ecological
functions of the ecosystem. Forests restored with ANR are known to be more biologically
diverse than those that are regenerated in conventional methods. Compared with active
restoration methods, ANR entails significantly lower costs [17]. The formal concept of ANR
emerged in the Philippines in the 1980s and has since been at the forefront of reforestation
in the country [23].

The combination of these management choices (SL and ANR) has been applied within
the context of Indonesian selective cutting and planting (TPTI). However, there has been
very little success for many reasons, one being that the concept of ANR is unfamiliar to
Indonesian foresters due to insufficient publications on the subject [24]. In terms of the
application of the combination in the Philippines, there has not been any recent project
that implemented it. Thus, we have created a model focusing on the combination of SL for
timber harvesting and ANR for reforestation to test whether the combination can promote
a sustainable forest operation.

2. Materials and Methods
2.1. Model Description

We used the ODD (overview, design concepts, and details) protocol [25,26] to describe
the model.

2.1.1. Overview

An agent-based model was developed to explore how ANR with SL can contribute
to sustainable forest resource management. The model was created inside GAMA 1.8.1,
a platform that seamlessly integrates GIS data to create data-driven, agent-based mod-
els [14]. The GAMA Forest Model simulates the growth of a theoretical forest such that
one simulation step is equivalent to one year. The model is a simplified forest containing
multiple species classified as either premium or nonpremium. The complete list of species
that are considered premium is shown in Table A1 in Appendix A. The theoretical forest
also includes rivers, roads, and protected areas (the portion of land where there is a river
crossing). Trees inside the forest are administered by parcels, such that harvesting and
planting are conducted per parcel and managed by a regime. The details of all the entities
considered in the model are given below.

Entities

Trees: A single tree stand is described using the following attributes: basal area (BA),
height (H), volume (V), and diameter-at-breast-height (DBH). BA is the common term used
to describe the average area occupied by tree stems, which is a useful index for making
timber harvest decisions. A tree’s annual growth is characterized by the increment in the
values of its attributes (Table 1).
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Table 1. Equations used for tree growth.

Variable Type Equation Reference

Diameter-at-breast-height
(DBH) Dipterocarps DBHt = DBHt−1 +

(
0.0057 × DBH0.0173

t−1
)
+

(0.0014 × DBHt−1) + (0.0004 × BAt) + 0.0034 + 0.0033
[27]

Non-dipterocarps DBHt = DBHt−1 +
(
0.0114 × DBH0.0281

t−1
)
+

(0.0014 × DBHt−1) + (0.0006 × BAt) + 0.0054 + 0.0057

Volume (V) Dipterocarps Vt = Vt−1 + 0.00005204 × DBHt
2 × Ht [28]

Non-Dipterocarps Vt = Vt−1 + 0.00005171 × DBHt
2 × Ht

Basal Area (BA) Both BAt = π ×
(

DBHt
2

)2 [29]

Height (H) Both Ht = Ht−1 + 0.238 [30]

Parcels: The abstract landscape is a spatial grid of 256 parcels (16 × 16). Each parcel
agent determines the harvestability of the parcel and computes the parcel’s total BA and
harvests profit on each simulation step. A parcel’s harvestability depends on the total
harvestable volume, which is the sum volume of all harvestable trees inside the parcel (a
harvestable tree is a tree with DBH above the minimum harvestable requirement). The
harvest profit (HP) (in Philippine peso (PHP).) of a parcel is computed using the tree
volume equations (see Table 1) and the average value and average cost of harvesting round
logs (see Table 2).

Table 2. Economic Parameters for Timber Harvesting (2019).

Parameters Value (in PHP)

Average value of premium round logs (per m3) 5492.73
Average value of non-premium round logs (per m3) 3661.82

Average harvesting cost of round logs (per m3) 3405.06
Note: Original values adopted from Mangaoang [31].

Equation (1) describes how HP is computed given the following parameters:

premv = Total volume o f premium trees inside the parcel, in m3

npremv = Total volume o f non − premium trees inside the parcel, in m3

roadpres = presence or absence o f road in a parcel, 0 or 1

The equation for computing HP is given below.

HP = parcelvalue − harvestcost, (1)

where
parcelvalue = (5492.73 × premv) + (3661.82 × npremv), (2)

harvestcost = (premv + npremv)× 3, 405.06 + parcelvalue × 0.0001 × roadpres (3)

Moreover, tree senescence is also monitored at the parcel level. We considered that a
tree has reached senescence when its DBH reaches 210 centimeters (cm) or more. At each
step, all trees that have reached senescence are removed from the parcel.

Regime: Agent responsible for implementing the SL and ANR rules. The regime agent as-
signs parcels that satisfy the ANR and SL criteria to planter and harvester agents, respectively.

To determine the candidate parcels that require replanting, the regime agent sorts them
based on the total BA and its capacity to hold trees. Available planters will be assigned
a parcel with the lowest total BA and the greatest capacity to hold trees. The capacity to
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hold trees is determined by subtracting the current number of trees on the parcel from the
maximum number of trees per parcel.

On the other hand, to perform SL, the regime agent assigns harvestable parcels to
available harvesters for harvesting. A parcel is considered harvestable if it is not protected
and its current volume satisfies the minimum harvest volume allowed per parcel. Har-
vestable parcels are prioritized based on the expected harvest profit, so harvestable parcels
with the highest harvest profit are assigned to available harvesters.

Harvester: Agent responsible for removing harvestable trees in a parcel. Harvesting
is implemented by sorting the DBH of the trees, then assessing the protection value, and
finally cutting the candidate trees. The total volume of trees allowed to be harvested is
based on the DENR [32], which establishes that the harvestable volume (in m3) per hectare
(Vr) in the operable second-growth forest is determined based on the equation. This applies
to all areas in the Philippines except Palawan and Region 8, where the percentages shall
apply to the 50 cm DBH and 60 cm and over DBH, respectively. According to the FMB [30],
DBH (diameter at breast height) is referred to as the average stem diameter outside bark at
a point 1.3 m above the ground while DAB (diameter above buttress) is measured at 0.30 m
above the highest flange or buttress.

Vr = 50% o f the volume in the 60 cm
DBH
DAB

+ 100% o f 70 cm and up, (4)

Planter: Agent responsible for “planting” new trees on the parcel. The number of new
trees that will be planted depends on the capacity of the parcel to hold trees. The new trees
will be planted in random available locations in the parcel.

Process Overview and Scheduling

One simulation execution corresponds to one year and consists of seven chronologi-
cally ordered steps, as shown in Figure 1.
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There can be multiple harvesters and planters, while there is always one regime and
256 parcels in one execution of the model. The model was run for 500 simulation years to
observe the dynamics between the harvester and planter agents. Except for the first step,
the other steps are repeated chronologically until the end of a simulation experiment.

2.1.2. Design Concepts

The model’s design followed the following concepts: emergence, stochasticity, sensing,
and observation.

Emergence. To establish dependence on the number of harvesters and planters, there
will be an emerging harvesting pattern resulting from the ANR and SL-based decisions of
the regime despite having no direct interaction between the harvester and planter agents.

Stochasticity. To simulate spatial variability, stochasticity is added to the ANR rules.
The exact tree species planted is determined based on a 50% chance of planting a premium
tree and a 50% chance of planting a dipterocarp. Stochasticity is added to determine
what combination of trees provides a greater harvest profit and leads to more forest cover.
However, the exact observation is not included in this paper.

Sensing. The regime agent is assumed to have access to the status and harvestability of
all parcels to determine which are suited for SL and ANR.

Observation. A couple of observations were noted in the model, but the most important
values are the total harvest profit, the number of remaining trees (forest cover), and the
number of candidate parcels for SL and ANR.

2.1.3. Implementation Details
Initialization

The initial configuration of the model environment is a landscape with 256 parcels,
where each parcel is a 4-ha plot of land (Figure 2a) containing a total of 336–448 tree stands
(with mean = 390). The trees are distributed in the landscape based on an actual tree
inventory (Figure 2b). Aside from trees, a parcel may also have rivers, roads, and protection
specifications (Figure 2c).
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Figure 2. Screenshots of the landscape: (a) landscape divided into parcels, (b) landscape populated
with initial distribution of trees, and (c) landscape visualized with initial volume of parcels and
location of protected parcels (in magenta).

To define an experiment, several variables must be set at the start of the simulation.
The list of parameter variables for determining the number of agents as well as the SL and
ANR rules, along with their default values and the range of permissible values, are shown
in Table 3.
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Table 3. Parameters for setting a simulation experiment.

Setup Variable Default Value Possible Values

General numberOfHarvesters 10 N
numberOfPlanters 10 N

SL minParcelVolReqForHarvesting (m3) 500.0 Q+

maxAllowedHarvestVolPerParcel (m3) 1457.5 Q+

minTreeDBHReqForHarvesting (cm) 60.0 Q+

ANR isReplanting True True|False
maxTreesPerParcel 300 N

premChance 0.5 [0, 1]
dipteroChance 0.5 [0, 1]

The number of harvester and planter agents in a simulation can be adjusted by chang-
ing the values of the variables under the general setup (there is no restriction on the number
of agents allowed). By manipulating the values of the variables under the SL setup, it
is possible to set the rules that direct the regime agent in deciding which parcels will be
assigned to harvester agents (i.e., minParcelVolReqForHarvesting and minTreeDBHReq-
ForHarvesting) and for the harvester to know how many trees can be harvested on the
parcel (i.e., maxAllowedHarvestVolPerParcel). The rules that direct the regime agent in
determining which parcels need to be replanted (i.e., maxTreesPerParcel) and that inform
the planter of how many trees and which species to plant (i.e., maxTreesPerParcel, prem-
Chance, and dipteroChance) are updated by altering the values of the variables under the
ANR setup. Additionally, it is possible to disable replanting and let the model run just
on SL. This functionality was implemented so that the system may be observed using a
natural regeneration setup (but this is for the next version of the model).

Input Data

Due to limitations on the use of existing data and to focus on the description of a
sustainable forest operation outside the constraints of existing forest lands (such as currently
imposed policies and management history), we decided to test the GAMA Forest Model on
a theoretical forest that is based on an actual forest inventory. We created a 1024-hectare
forest characterized by river and road networks that traverse the site diagonally from the
southwest (Figure 3).
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The species composition of the theoretical forest resembles that of the lowland dipte-
rocarp forest of Mt. Makiling in Laguna, Philippines. Thus, the most common species
are Dipterocarps. A total of 99,988 tree stands are present in the theoretical forest, with
a majority (66.42%) of tree individuals belonging to the ≤20 cm DBH class and 56,853
(56.8%) trees considered as premium type. Figure 4 describes the population of trees in the
theoretical forest.
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Submodels

• Selective Logging

After the regime agent has assigned a parcel to the harvester agent, the “start harvest-
ing” and “cut trees” actions of the harvester agent are invoked. The “minDBHRequired” in
the initial model configuration was set to 60 cm, according to Equation (4). The harvester
agent cuts all trees in the assigned parcel with a DBH equal to or greater than 70 cm until
the limit for harvesting volume has been reached. If the limit has not yet been reached,
the harvester harvests 50% of the trees with DBH between 60 and 69 cm. Once the limit is
reached, the DBH of all remaining trees (with a DBH ≤ 15 cm) will be increased by 2 cm
as an incentive for the additional resources released by removing the largest trees in the
parcel. The actual harvest profit is recalculated after the harvest is completed to account
only for the harvested trees.

• Assisted Natural Regeneration

After the regime agent has determined which parcels to replant, the “start planting”
action of the planter agent is invoked. ANR is executed on the parcels assigned to the
planters. The total number of new trees to be planted is based on the remaining capacity
of the parcel to hold trees. New trees will be planted at randomly available locations in
the parcel with an initial DBH of 0.5 cm and H of 0.3 m. The species that will be planted
is determined by chance based on the set probability of planting a premium tree and/or
a dipterocarp.

Figure 5 shows the complete overview of the design of the GAMA Forest Model
following the conceptual model approach proposed by Taillandier et al. [33]. It also
describes the attributes of each agent and the connections between agents as organized
inside the GAMA platform.
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2.2. Economic Analysis of Timber Extraction

On the economic side, the model was analyzed using the approach adopted from
Mangaoang [31], with necessary adjustments made based on the biophysical characteristics
of the theoretical forest used in the study and the actual price changes of timber and timber
products over time in the Philippine context. While Mangaoang [31] presented the cost and
returns to producing different timber products, this study focused on round logs/flitches
since the data are free from post-harvesting inefficiencies (i.e., low recovery rates) for sawn
timber and wood products/furniture. This implies that the simulation assumes the efficient
extraction of round logs from the theoretical forest that is valued using average market
prices. Moreover, Mangaoang’s return on investment (ROI) estimate, which was equal to
one (for harvesting round logs excluding transport cost), seems to be more realistic and
economically viable than for the other timber products, and thus was used as the basis for
the economic decision to harvest. To mirror, at scale, the values estimated by Mangaoang
for community-based timber harvesting activity for round logs, the values shown in Table 2
were used in the economic analysis.

In the model, the harvester requires at least 500 m3 of available round logs per parcel
per year to engage in SL. By default, we set the model to allow up to 10 simultaneous
harvesting activities per year, subject to the SL requirements and minimum harvestable
volume (see Table 3). Adjustments to the harvesting cost were also made considering
the location of the forest parcel in relation to the road and the presence of rivers, making
harvesting more difficult, and thus more costly. Net profit was computed as the difference
between sales from the harvested round log and the cost of harvesting. These parameters
were used by the model agent (i.e., the harvester) to decide whether it will engage in SL
among the economically viable parcels and estimate the year-on-year net profit from the
harvesting activity. Note that the model allows for adjustments in the minimum harvestable
requirements and the number of harvesters to potentially show smaller-scale or commercial-
scale SL. The year-on-year value of nontimber products can also be estimated for other
forest ecosystems using the model.

Following the harvesting rule that only a maximum of 1457.5 m3 can be harvested
per parcel, each harvester is limited to a maximum net income of about PHP 3.5 million
per parcel per year with an ROI of more than 60% (lower for protected parcels and for
parcels that are far from the main road) to as low as 0% when the conditions are not met
(will not engage in harvesting). Planters, on the other hand, bring the total trees back to
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300 (following the growth pattern based on the biophysical assumptions in the theoretical
forest) on at most 10 parcels for a given year, taking into consideration the cost of planting
as determined using the general cost adapted from Table 2.

3. Results and Discussion
3.1. Model Exploration and Analysis

We ran the model for 500 simulated years with three repetitions each and examined
the outcome in terms of the yearly harvest value. Only one parameter was altered (number
of planters = [5, 10, 15]), while all other values were retained at their default settings. The
result of the exploration is presented in Figure 6.
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Figure 6. Result of the 500-year simulation on three setups: 5-planter, 10-planter, and 15-planter.

The graph above shows that for the first 400 years, a harvest of equal value was
generated by each setup. The number of planters utilized in a particular simulation
experiment had an effect on the results only after 400 years. The average harvest gain
shown in Figure 7 demonstrates that after 400 years, the value of the harvest obtained in
setups with more planters is substantially larger than in setups with fewer planters.

The interplay between the number of parcels ready to harvest (SL) and the number
of parcels needing replanting (ANR) can be used to explain the significant impact of the
number of planters on the value of the harvest. Figure 8 shows that towards the end of the
400-year simulation period, the number of SL parcels decreased close to zero, while the
number of parcels requiring ANR sharply fluctuated. During this time, the forest had the
opportunity to rest from harvesting activities and recover. After the 400th mark, replanting
activities started to dominate even if there was a rise in the number of SL parcels. Due to
the large trees which became available for harvest after the parcels had time to support tree
growth, the value of the harvest increased.
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Figure 8. Comparison between the number of parcels candidate for SL and ANR activities in a
500-year simulation using default values (see Table 2).

Lastly, to understand how the parameters in the model contribute to the output, we
subjected the model to the Sobol method, a variance-based sensitivity analysis. The Sobol
method provides the most accurate and robust indices for associating the variance in the
model output with individual parameters and their interactions [34]. The inputs that
we were interested in were the number of harvester and planter agents, specifically the
combination of 5–15 agents each. We observed the impact of the combination on four
outputs of interest: the number of parcels for ANR, the number of parcels for SL, harvest
value, and the total number of remaining trees (forest cover). We chose a sample size of 20
for the Sobol sequence and ran the model until the 500th simulation year.

The first-order index describes the effect of changing one input variable on the output
variable, while the total-order index shows the relative importance of one input variable
and its interaction with all other variables. For both indices, an index equal to 1 means
that the input variable significantly affects the output variable, and an index equal to 0
means the contrary. Since we are only concerned with two input variables (i.e., the number
of harvesters and the number of planters), we considered only the first-order index in the
analysis of the model.
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Figure 9 shows that the number of harvesters has a significant impact on the number
of parcels ready for SL, while the number of planters has a significant impact on the number
of parcels requiring ANR. This means that by changing only the number of harvesters,
the capacity of the forest for SL also changes. Furthermore, by changing the number of
planters, the need for ANR also changes. Interestingly, the figure also shows that the
number of harvesters has a considerable influence on the change in demand for ANR, with
a first-order index of 0.28, in contrast to the demand for SL, which is not influenced by the
number of planters, with a first-order index of 0.03.
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Figure 9. First-order index result of the Sobol analysis on the effect of the number of harvesters and
planters on four output values: ANR parcels, harvest profit, remaining trees, and SL parcels.

Regarding the impact of the input variables on the value of the harvest and the
number of trees harvested, Figure 9 shows that it is the number of planters that has a
significant impact on the number of trees harvested, while the total value of the harvest
is not influenced by a single variable. The first-order index for the number of harvesters
and the number of planters on the output parameter “Total Harvest Value” is less than 0.10,
which means that the total value of harvest is not dependent on a single variable, but rather
it is the dynamics between these variables that influence this output parameter.

3.2. Model Results

We performed three runs of the simulation with 500 simulation years each using the
default variables (see Table 2). We tracked changes in the amount of overall harvest and
in the forest cover, and we contrasted the outcomes of combining SL with ANR and SL
without ANR.

Figure 10 shows that without ANR, there is a steady decline in the forest cover as a
consequence of the continued harvesting without planting intervention. The initial number
of trees will just continue to grow until they all get harvested after reaching the harvestable
DBH. In contrast, with ANR, from the initial cover of 99,988 tree stands, forest cover
decreased significantly by 20% in the first 100 years and could not recover but was able to
maintain the same level until the end of the simulation. Note that at the beginning of the
simulation, each parcel has an average of 390 trees, while the ANR plants only 300 trees
per parcel at most (see Table 2). The 20% decrease in tree cover can be attributed to the
ANR rules monitoring the parcels and ensuring that the harvested trees are replaced. This
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shows that with ANR, sustainable harvesting is possible even after 500 years of continuous
SL activity.
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Figure 10. Comparison between the effect of implementing and not implementing ANR in sustaining
the forest cover.

Figure 11 shows that for the first 400 years, there was no discernible difference in the
harvest value of SL operations with and without ANR, both averaging about PHP 7.7M.
Only in the final 100 years of the simulation did the difference between performing ANR
and not performing it became apparent. Additionally, the harvest value obtained over the
course of the last 100 simulation years for the “with ANR” setup is PHP 6.8M on average,
while the “without ANR” setup only made PHP 2.5M. This shows that for up to 500 years,
SL operations with ANR can generate a profit that is sustainable.
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to the total harvest value.

Intriguingly, the simulation also demonstrated that, even after decades of continuous
operations, the performance of selective logging on a healthy forest similar to the one
employed in the model is nearly the same with and without ANR. The “with ANR” setup
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just began to exhibit a noticeably greater and more consistent harvest value than the
“without ANR” setup in the final 100 years.

4. Conclusions

The model presented in this study showed that the ABM approach can be used as a
tool to allow ex-situ testing of forest management regimes. Specifically, an ABM of forest
operation on a theoretical forest was developed to inspect whether SL combined with ANR
can lead to the profitable harvesting of timber resources while ensuring that the forest
cover is sustainably maintained. The GAMA Forest Model has shown that it can predict
future harvests with assumptions about growth and yield. Based on this, the model can
also assess whether a forest has a sufficient harvest to make the investment feasible. The
500 simulation years were crucial to testing whether the trend revealed in the model is
enough to generalize the sustainability of the operations. Simulation results revealed that
regular ANR was successful in maintaining the forest cover at 80%, while SL activities were
able to provide an average annual income of PHP 7.5 million over a significantly long time.

The model focused mainly on highlighting the supply-side opportunities for timber
production rather than looking into the market equilibrium for timber products. Modeling
both the supply and demand side is a challenge at this time given the existing moratorium
on the cutting and harvesting of timber in the natural and residual forests through EO
23. In this context, the intention of the paper has been to provide a policy option in the
form of sustainable forest harvesting operations where it is feasible to maintain forest cover
while selective harvesting is also allowed. Once this first step has been put forward, and
hopefully considered by policymakers, the role of population growth and demand in the
wood/timber market can be integrated into future (and more comprehensive) models.

Finally, more important than the predictions that the GAMA Forest Model can provide
is that the model can be used as a tool to understand the forest as a system and to identify
the impacts of management regimes on it. The model has shown that with the right
combination of reforestation efforts and timber harvesting methods, a sustainable forest
operation can contribute to the country’s economic needs for timber production while
ensuring that the forest is actively managed.
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Appendix A

Table A1. Types of species considered as premium in the theoretical forest.

Family Common Name Scientific Name

Anacardiaceae Dao Dracontomelon dao
Apocynaceae Lanete Wrightia pubescens var. laniti

Dipterocarpaceae Apitong Dipterocarpus grandiflorus
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Table A1. Cont.

Family Common Name Scientific Name

Bagtikan Parashorea malaanonan
Dalingdingan Hopea foxworthyi

Guijo Shorea guiso
Hagakhak Dipterocarpus validus

Manggachapui Hopea acuminata
Mayapis Shorea palosapis
Palosapis Anisoptera thurifera

Saplungan Hopea plagata
While Lauan Shorea contorta

Ebenaceae Ebony Diospyros ferrea
Kamagong Diospyros blancoi

Fabaceae Akle Albizia acle
Banuyo Wallaceodendron celebicum

Ipil Intsia bijuga
Narra Pterocarpus indicus

Lamiaceae Molave Vitex parviflora
Meliaceae Kalantas Toona calantas
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