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RESUMEN

La modelizacién del crecimiento forestal es fundamental para comprender la dinamica de
los bosques y predecir la productividad futura. En este estudio, se ajustaron modelos para
seis (6) especies y tres (3) grupos diferentes llamados clase |, 1l y otros. Las especies de
las que no se disponia de suficientes observaciones se agruparon segun sus valores de
densidad de la madera y se clasificaron de acuerdo con el sistema viethamita de
agrupacién de especies. Se ajustaron relaciones altura diametro para los arboles (por
especie y clase) presentes en el aula de sefialamiento. El ancho de copa se modelizd
mediante el diametro normal y la fraccion de copa. Con el objeto de estudiar la influencia
de la diversidad sobre el tamafio se incluyeron indices de diversidad como variables
independientes en los modelos anteriores. Los modelos asi ajustados fueron
significativos. Los modelos lineales candidatos se clasificarion segun el criterio de
informacion de Akaike y el R-ajustado. Los indices de diversidad afectaron el tamafio de
la copa y la relacion altura-diametro. A partir del crecimiento de cinco estaciones de
crecimiento de Cinnamomum iners se encontrd que el incremento en el area basimétrica
solo esta afectado por el diametro normal y no por la ratio de copa.

PALABRAS CLAVE: Bosque tropical, Aula de sefialamiento, Seleccion de
modelos, Crecimiento, Diversidad de Estructuras

ABSTRACT

Modeling forest growth is essential to understand the dynamics of forests and predict
future productivity. In this study, models were adjusted for six (6) species and three (3)
different groups called class I, Il and others. The species for which there were not enough
observations were grouped according to their wood density values and classified
according to the Vietnamese system of grouping of tree species wood quality by density.
Height diameter relationships were adjusted for the trees (by species and class) present
in the marteloscope. The crown width was modeled by using the normal diameter and the
crown ratio as independent variables. In order to study the influence of diversity on size,
diversity indices were included as independent variables in the previous models. The
models thus adjusted were significant. The linear candidate models were classified
according to the Akaike information Criterion and the R-adjusted. The diversity indexes
affected the size of the crown and the height-diameter relationship. From the growth of
five growing periods of Cinnamomum iners we found that the basal area increment is
affected only by the diameter at breast height and not by the crown ratio.

KEYWORDS: Tropical Forest, Marteloscope, Model Selection, Incremental Core,
Structural Diversity
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1. INTRODUCTION

The composition of Viethamese tropical forest is characterized by well diversified flora and
fauna. This points out the important the forest ecosystem. The forest ecosystem
functionalities are influenced by the structure, diversity, natural habitat, socio-cultural
heritage role, many other services and products. Hung (2018) argues and discusses an
encapsulated history in detail how the development on Vietnamese tropical forest has
evolved. Studies have elucidated that, typically, the climate topography and soils influence
the diversity and abundance of the forest vegetation (Luong, 2018) resulting in a fair
distribution across provinces in the entire country.

Meyfroidt and Lambin (2008) structured a classified and homogenized Vietnamese forest
cover into the types, namely: pure forest, mixed and non-forest. Elevation pattern richly
determines the ecosystem this forest type, the dominate forest formation namely;
evergreen, semi-deciduous (Luong, 2014). A common preview of forest cover globally in
tropical ecosystems (as shown in figure 2) is its species richness and capacity of
multifunctional roles such as carbon storage, etc. However, part of the challenges faced
with tropical forests are deforestation (Meyfroidt and Lambin, 2008; Minh and Kono, 2017;
Hung, 2018) to meet various need of society such as agriculture (Minh and Kono, 2017).
Nonetheless, in the case of Vietnam, forest cover in has increased in the past decades
(Nagendra and Southworth, 2010). While some authors argue in favor of bourgeoned
forest cover (Nagendra and Southworth, 2010; Luong, 2014).

Policy interventions through development planning is noted to have intervened
deforestation (Rompaey et al., 2013; Luong, 2014; Hung, 2018) accounting for the
sustainable timber processing, and land-use (G1Z, 2017) particularly when the need of the
Vi et namese | ocal communi ties and popul ationds
(Boissiere et al., 2009). Largely, forest management strategies (as shown in figure 3
below) which might have involved range of stakeholders including policy makers, forest
managers among others directly involved or otherwise (SelectFor, 2013; Bravo et al.,
2018) are essential in this regfard. However, sometimes, the main challenge could partly
be non-compliance or unclear role play my stakeholders involved (Schaltenbrand and
Seiber, 2007).

Literature confirms that, through international collaboration and national commitments
between 1990-2010, there has been rapid forest recovery trajectory observed in Vietham
surged with forest protection and rehabilitation program, thus, a total area of about 13.3
million ha according to Luong (2014). Silvicultural treatments and techniques contributed
enormously during this regime. Schaltenbrand and Seiber (2007) reported in a study
where it was observed that, Community Forest Management (CFM) in Vietham aided a
novel participatory approach of forest resource owing to legal permission and
acknowledgement through Vietnamese Government to decentralize forest management,

YUSIF HABIB
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Figure 1: Preview of Forest Transition in Vietnam
Source: Nagendra and Southworth (2010)
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Figure 2: Forestry Sector Flowchart, Vietham
Source: Meyfroidt, and Lambin (2009).

Marteloscope in forest data science and management could be one essential key
component for to ensuring these sustainability measures in the long term in Vietham. The
term marteloscope is of French origin (SelectFor, 2013; Soucy et al.,, 2016) where
marteaux (hammer) is used to mark the trees that are mature and should be harvested.

YUSIF HABIB
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The term is defined by concept as a permanent plot established within a forest dedicated
for tree measurements. Principally, an associated software (example: Smartelo, I+
software) is tailored to provide a complete framework for training purposes such as
marking and selection exercises (SelectFor, 2013; Integrate+, 2014; Rodriguez et al.,
2015). This concept not only applies to on-field sense of practice but also, it could be in
virtual mode through videography (Soucy et al., 2013; Mangelsdorf et al., 2018) where
students are cultured in the form of a standard didactic process (Kraus et al., 2018). A
standard marteloscope by dimension is a hectare (1 ha) rectangular plot split into 16
subplots or otherwise named quadrants labeled from 1 to 16 of 25 x 25 meters wide.

In recent years, Marteloscope has gained worldwide recognition in sustainable forest
management didactics. Further than that, Soucy et al., (2016) believes marteloscope may
be more than just a permanent plot. The author argued further on the definition it inner of
itself as a terminology in forestry is uncommonly recognized coupled with the fact that
attempts by publishers to universalize its definition received less attention. However, it
was f urt her the eofnbénationead a mersnanént plot (i.e., forest area) with a
means to summarize and visualize the outcomes of a virtual tree selection within that plot
(Soucy et a |l . training Gtudentsoin and perhaps to aid discussions with
stakeholder belonging to the forestry sector about forest growth and modeling efforts.

Modeling forest structure can be very sensitveandc omp | i cat ed and t hus, e
knowledge is required. Mathematical equations are established in this case.
Consequently, from the perspective of different forest biomes at different ecological zone,
varied logically approaches would be imminent to model forest structure. Hung (2018)
reveals that, several mathematical functions; both linear and non-linear are expressed to
cement relationship between two or more variable/parameters. Notably logistic function
using R statistical application (Hung and Doi, 2017; R Core Team, 2019). In regression,
Height and Diameter (h-d) are integral part of growth and yield models as basic variable
input (Temesgen et al., 2007; Lida et al., 2012; Riofrio et al., 2019) as dependent and
independent in the analysis. Mate et al., (2014) argued about h-d per species are probably
the best fit for growth/biomass models in combination with stand composition variables
such as Basal Area (Riofrio et al., 2019), crown architecture (Pretzsch et al., 2015)
including the relationship with wood density (lida et al., 2012) giving rise to improved
model coefficients. This argument could be said to be unanimous as growth models
developed for tropical and temperature forest structures relies on similar variables.

1.2 Problem Statement and Justification

The understanding of forest structure is essential and cannot be discounted in forest

research (Hung, 2018) particularly with species diversity indices, vertical and horizontal

spatial pattern, species mingling (Del Rio et al., 2018), height-diameter relationships and

canopy structure among others. In tropical region of the south eastern Asian country of

Vietnam, for instance, comprehending the analytical scope of forest structure (Del Rio et

al., 2018), including growth modeling has chiefly been part of the limitation to fully explore

forests from management perspective. Hung (2018), considered that, in tropical forest

such a Vietnam, key attributes worth associating to structural analysis are height-diameter

relationship, gap analysis, spatial distribution among others. Meyfroidt and Lambin (2008)

structured a classified and homogenized Viethamese forest cover into the types, namely:

pure forest, mixed and non-f or est . Mi xed forestsd wide range
products make it appealing to users (Cattaneo et al., 2018; Bravo et al., 2001) in recent

discourse. in this regard, indicators of key functional biodiversity measurement and its

dynamics in mixed forest such as competition, evenness, vertical structure and

competitions are essential. Rendering the inclusion of competition indices an

enhancement of growth model quality (Cattaneo et al., 2017).

As part of Vietnambés commitment to UN REDD pr oq
and |l ocal gover nment sectors such as the nati
Universities carried out intensified quantitative research for forest management. Among

the science-based activities included development of allometric equations for some major

YUSIF HABIB
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forest types (Hung et al., 2012b). Modelling above diameter growth of tropical forests
species has quite been tricky and mostly the less successful; usually requiring sound
technical knowledge in determining the incremental growth. For instance, comprehending
the analytical scope of forest structure, including growth modeling has chiefly been part of

the limitation to fully explore forests from management perspective. Rese ar c her s 6

skills/ability, financial constraint, quality and availability of world-class literature are cited
as impediment (Hung, 2018). Forest managers and engineers heavily rely on parameters
such as: basal area, height, stand density, volume layers/social status, etc. (Sanchez-
Gonzélez et al., 2007; Bravo et al., 2011; Hung, 2018). Hung (2018), considered that, in
tropical forest such a Vietnam, key attributes worth associating to structural analysis are
height-diameter relationship, gap analysis, spatial distribution among others.

Above ground biomass (Ketterings et al., 2001; Huy et al., 2016) growth measurements
in these tropical forest ecosystems are quite complex and complicated in detecting the
annual rings (Ogden, 1981) as compared to temperate tree species. Potentially, this is
owed to the fact that, site conditions of tropical forest tree species significantly differ from
temperate forest ecosystems and thus, creating such difference particularly when
incremental cores are sampled to determine ring growth from respective biome.
Antecedent factor known to perhaps influence forest growth as such could be for example,
tropical climatic condition characterized by rainy and dry seasons. Nonetheless, a primal
precursor feature in many unsuccessful diameter growth measurements of tropical tree
species could be due to some extent, underdeveloped dendrochronological scientific
research (technological and modelling) advancement in the forest management mainly in
developing countries. In latest development in Vietham, a 10-year long term forestry
development strategy between 2010-2020 seeks to meet a targeted 16.24 million ha of
forest and forest land (Luong, 2014) which intend to serve timber production and or nature
conservation purposes. This implies that, a research capacity and infrastructural
resources are required for such daunting objective. This status-quo is no different for
Vietnam (Hung 2018). Thus, further prompting the need of advanced scientific
investigation to detect these dynamic and paramount stages of forest growth in the tropics
(Huy et al., 2016). Moreover, little is done in modelling growth Vietnamese forest species.
This study therefore adopts a state-of-the-art dendrochronological scientific approach to
measure the incremental annual ring growth for some selected Vietnamese tropical
species, subsequently candidate tree species are fitted in growth models to ascertain the
best explained Basal Area Increment (BAl) in the species under examination.

2. RESEARCH OBJECTIVES

The objective of the study was to analyze Basal Area Increment (BAI) and structural
characteristics for a secondary Vietnamese tropical forest tree species.

2.1 Specific Objective
The study specifically sought to:

1. Generate a linearize model of Total Height (H) 7 Diameter at Breast Height (DBH)
for the candidate species and groups/classes including structural variables as
explanatory variables

2. To examine the relationship between structural diversity on height-diameter growth

3. To examine the effect of diversity on crown size.

4. Obtain diameter growth of Cinnamomum iners for the past 5-years.

YUSIF HABIB
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3. MATERIALS AND METHODS

3.1 Research Framework

The study was carried out in a stepwise approach beginning from data collections through
to discussion of results a scope elaborated and as shown in fig. 1 below with pragmatic
effort to achieving the intended study/research objectives.

Thesis Workflow

DATA COLLECTION

ANALYSIS
|
RESULTS Tree Ring Fitted Model for Each
Cross-dated Candidate Species'
N ——

Figure 3: Thesis Workflow- Model Selection and Basal Area Increment for Viethamese
Tropical Forests

3.2 Study Area and Natural Conditions

The research activities were carried out in Vietham which is one of the South-Eastern
Asian countries. Geographically, the study area (Marteloscope) as shown on a map in
figure 4 lies on latitude 20°54'37.70"N and longitude 105°33'57.38"E in the Xuan Mai
township within Chuong My administrative district of Hanoi, Vietham. The size or total
land-area of the marteloscope covers about one hectare (100 x 100 m). By standardized
practice, the marteloscope had not been thinned or heavy utilized for the past 10 years.
The natural site condition of the country and therefore with respect to the study area is
typical tropical monsoon climate (Giang, 2017). Hence, the rainfall is abundant (Giang,
2017; Schneider et al., 2017) with an average of about 1612mm per year. While an annual
average temperature is about 23°C. The study area has an elevation of about 113 meters
(m) above sea level.

YUSIF HABIB
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0 0.05 0.1km
I —

Study Area: Marteloscope-Vietnam National University of Forestry

Figure 4. Map of Study Area

3.3 Data Collection

The data collection from the marteloscope were focused on two main approaches, namely;

the Static and Dynamic approach. Here, the static approach implied the compartment of

the thesis work which relied on the di mensions
measuring DBH, total height, etc.) and species compositions.

3.3.1 Static Approach

The principles of setting up a marteloscope involves an intensive and accurate amounts
of primary data collection. Bravo et al., (2018) highlights some guidelines that is composed
of all the essential parameters to be collected in such exercise. According to the author,
there are two main important segments of the parameters which are termed as Basic and
Extended variables. Regarding the study area, the following data were collected in
accordance with Bravo et al., (2018) recommendation as shown in the Table 1 below.

Table 1: Standard Parameter Measured in a Marteloscope

Height to Crown Base
. Crown Height
Modified from Bravo et al., 2018

Timber Quality
Social Status

Basic Variable Extended variables
1. Identification (ID) Number 1. Diameter Increment
2. Species 2. Microhabitat
3. Diameter at Breast Height (DBH) 3. Health Status
4. Total Height 4. Potential Uses
5. 5.
6 6.

YUSIF HABIB
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Figure 6: Study Area: Overview of the Forest Structure

3.3.2 Species composition

Species identification were investigated in the marteloscope (study area) to ascertain its
tree compositions and diversity that existed. At the end of the identification exercise, about
36 different tropical species were identified in the marteloscope (see Fig.7) and labelled
with unique species identification (ID). This was an indication and true reflectance of a
typical tropical forest of varied forest stories. Further, such composition undoubtedly
influences the biodiversity and functional role in terms of ecosystems services in the
marteloscope. As mentioned earlier, the marteloscope comprised of a total area of 1 ha
with no thinning activity at least for the past 10 years.

YUSIF HABIB
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Marteloscope: Tree Distribution Along with Quadrant Corners

Figure 7. Overview Tree Species Distribution per Quadrant in the Marteloscope (Study
Area).

3.3.2 Dynamic Approach: Diameter Growth Quantification

The Dynamic approach could be referred to as; the growth measurement/estimation.
Incremental core samples were obtained from the marteloscope to enable the
guantification of the diameter growth from trees. Two categorizations were made based
on two systematic features; first a
neighboring or surrounding trees. Therefore, the targeted tree species and its surrounding
or neighboring trees were subsequently cored at 1.3m at breast height (Riofrio et al., 2017,
Bravo et al., 2018).

A sub-plot of dimension 900m? was set-up within the marteloscope with distinctive
markings (red and yellow colors) for the plot boundary and cored tree respectively, as
shown in figure 9. Expert judgement was adopted to select the targeted species namely;
Cinnamomum iners. The justification behind the selection of Cinnamomum iners as the
target tree species of interest is chiefly due to the fact that, it among one of the most
important tree species in Vietham due to its several socio-economic, ecological and
medicinal benefits (FIPI, 2009). Secondly, it is the single most abundant species with over
one hundred and ninety (190) observations present in the marteloscope. These two
justifications, nonetheless, is ample to examine or explore further. Consequently, to
likewise be able to identify a relationship between its diameter growth pattern over the
past five (5) growth periods (backdated) as per the study objective, the surrounding trees
within the entire sub-plot of 900m? dimension were also taken into account for
guantification of their diameter growth (Bravo et al., 2018).

In more detail, thirty-five (35) Cinnamomum iners trees were cored, two (2) sample per
tree making a total of seventy (70); sample from the sub-plot. It is worth mentioning that,
as per the natural orientation of the trees, it was observed that sloppy nature of the land
area may influenced extensively the rings at DBH (for example, see figure 8) and thus
making it inclined proportionally, hence, it was prudent to core from two (2) angles or
direction per tree at first angle on upslope seconded by another sampling at 120° angle

YUSIF HABIB
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from the initial point of sampling. By following this approach, it is ensured that the growth
upslope and downslope are taking into account during ring detection and for that matter,
diameter growth pattern could be known. Slope orientation could have effect on tree
growth and ring pattern.

Figure8: Typi cal Example of Sl ope OritheMaddlosammeds | nf | uerl

Source: Bravo et al., 2018
Consequently, twenty-two (22) neighboring trees of Cinnamomum iners were as well
cored, of which two (2) sample per tree was extracted accounting to a total of Forty-four
(44) species indicated on map in figure 13. In summary, One-hundred and fourteen (114)
ring core were extracted, adding up to fifty-seven (57) trees were entailing two (2) samples
per tree species. Partly, the number of sampling were constrained by the overall number
of species observed within the plot. That being said, we exercised prudence to ensure that
setting up of the plot justifiably contain greater number of diverse trees. As presented in
figure 13 depicting the incremental core plot, sampled trees were noted to have
encompassed quadrant 1, 2, 3, 6 and 7. Albeit, some quadrant contained more
observations than other.

Figure 9: Sub-plot Settin; Cored Tree (both Target and Neighboring) Marked Yellow in
Sub-plot During Exercise
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