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1. Introduction

Forest ecosystems are one of the most important carbon sinks of the terrestrial ecosystems. Forests
play a critical role in the global carbon cycle as they have the potential to sequester a significant
amount of carbon dioxide from the atmosphere through photosynthesis. However, forests can also
act as a source of carbon dioxide when changes in forests areas occur due to deforestation and forest
degradation. Therefore, it is extremely important to estimate forest carbon stocks and changes
(Vashum and Jayakumar, 2012).

According to the United Nations Reducing Emissions from Deforestation and forest Degradation
Programme (UN-REDD), the implementation of REDD projects can occur effectively if a “transparent,
comparable, coherent, complete and accurate measurement, reporting and verification (MRV)
national systems are developed and implemented”. The above-ground biomass can be estimated
through field measurements, remote sensing and GIS methods (Vashum and Jayakumar, 2012).
Forest biomass with field measurements can be estimated either directly with destructive method or
indirectly with less destructive methods based on allometry (Cutini, A., F. Chianucci, et al. 2013).

The direct destructive method involves harvesting of the tree and measuring the weight of the
different tree components (branches, leaves, trunk etc). This is the most accurate method for
estimating tree biomass. Nevertheless, this method is time and resource consuming, expensive and is
limited to small-scale analysis (Vashum and Jayakumar, 2012). The indirect method allows the
assessment of tree biomass or volume from tree variables that are easier to measure such as
diameter at breast height, height and crown diameter (Cutini, A., F. Chianucci, et al. 2013). The use of
allometric equations is also necessary in order to achieve more accurate biomass estimates (Tier Ill)
and higher financial returns due to carbon storage and reduced emissions (Aalde et al. 2003, IPCC
2006).

Scientists have developed a large number of allometric equations to estimate tree biomass, volume
and carbon stocks. Allometric equations can be applied to species-specific, mixed-species, site-
specific and large-scale global areas (Vashum and Jayakumar, 2012). Forest biomass differs with
forest age, site class and stand density. Hence, it is important to bear in mind the suitability of the
allometric model for the site, forest type, tree species and validity range (Vashum and Jayakumar,
2012). Selection of a specific allometric equation is critical as it affects the accuracy of forest biomass
estimates (Cutini, A., F. Chianucci, et al. 2013). Large differences can be observed in estimates of
forest biomass between different equations and therefore model-selection is another source of
uncertainty that needs to be considered (Melson, S., M. Harmon, et al. 2001).

The Food and Agricultural Organization of the United Nations (FAO) in collaboration with the French
Research Center Cirad and the Tuscia University of Italy have developed a new online platform —
GlobAllomeTree - with the aim to inventory all the existing biomass and volume allometric equations
that have been developed at the global scale. Under the UN-REDD programme, inventories of volume
and biomass tree allometric equation are being undertaken by a number of countries in Africa, Asia,
Europe, North and South America.

The platform offers users free and easy access to various allometric equations for different tree
species, tree components, ecosystems, and ecological zones that have been published over the years.
The target users of the platform are scientists interested in calculating forest biomass and carbon
stock, climate change project developers and foresters. Since its launch in 2012, GlobAllomeTree has
had over 70, 000 page views, has over 1600 registered users and contains over 12, 000 equations
which cover all forested continents. The platform contains a database of allometric equations that is
constantly updated and enriched with new equations collected from different sources of literature.



1.1 The objectives of the report

The objectives of this report are (1) to make a survey of tree allometric equations that have been
developed over the years for Australia and the Pacific Islands (Melanesia, Micronesia and Polynesia),
(2) to create a database for this region on the GlobAllomeTree platform and (3) compile the data in a
way that could be useful for identifying future research needs and potential existing gaps. It is
important to note that this report represents only a relatively small portion of allometric equations
that have been developed for Australia. Hence, there is a need to update the database in the future
with allometric equations found in the existing literature that cover the Pacific islands.

1.2 Database Structure

The allometric equation database for this region has been developed following the “Tutorial for tree
allometric equation database development” (Baldasso, Birigazzi et al. 2012). The database is freely
available on the GlobAllomeTree platform and users have the possibility to easily access and
download the data. This report will provide users with descriptive statistics of the collected data.

The database was structured in the following parts:

1.2.1 Location and Ecology:

This section of the database provides users with information regarding the tree population/s used in
order to develop the equation, the ecosystem where the population/s belongs to, the continent
where the equation was developed, the country and the specific location with latitude and longitude
coordinates given in decimal degrees.

1.2.2 Global Ecological Zones:

There are five biome classification systems in the database. Each location indicates the site where
the equation was developed and was classified based on the FAO classification system (FAO, 2001),
Udvardy system (Udvardy, 1975), WWF system (Olson, Dinerstein et al. 2001), Bailey system (Bailey,
1989) and Holdridge system (Holdridge, 1967).

1.2.3 Variables and vegetation components:

This part of the database contains information regarding the number and the type of the
independent variables of the equation, the units of measurements, the output of the equation, the
age of the population and the tree components (Fig. 1) that were considered when developing the
equation.
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Figure 1. Representation of tree components considered in the description of allometric equations for Australia
(source: Henry et al. 2011).

1.2.4 Species and Taxonomy:
This part of the database provides information on the scientific name of the tree species and the
family that the species belongs to.

1.2.5 Equation and References:

The allometric equation and other information related to the development of the allometric
equation such as sample size or stump height. Moreover, the reference of the document where the
equation was found is also mentioned.

1.2.6 Regression statistics and contributors:

2
Statistical data related to the model performance such as coefficient of determination (R ), Adjusted

2
R and Root Mean Square Error (RMSE).



2. Data collection

The data of the database was collected from 9 scientific articles. Despite the small number of articles
used to create the database, a number of 511 allometric equations comprise the database for
Australia. The scientific articles were classified and organized into a bibliographic reference
collection. All the equations found in the scientific articles as well as the relevant information related
to their application were entered into the database.

3. Data compilation and description

In total 511 allometric equations are included in the database for 139 tree and shrub species and 40
locations. The compilation of the data was carried out following the structure of the database and
the results of the compilation are presented below.

3.1.1 The compilation of the location and ecology data

The data for biomass and volume allometric models were collected and georeferenced from 40 study
sites (Fig. 2). Most of the equations found in the existing database cover the eastern part of Australia.

In total 124 tree species and 15 shrub species are including in the database. Most of them are
Eucalyptus and Acacia species. According to the FAO ecological zone classification system, most of
the sample trees and shrubs species to subtropical steppe followed by temperate mountain system,
temperate oceanic forest, subtropical dry forest, tropical dry forest, tropical shrubland and
subtropical humid forest and tropical rainforest (Fig 3).

< .

e\

e
1:22371412 »

Figure 2. Geographical distribution of the study sites in Australia. The red dots indicate the locations where
trees and shrubs were sampled to develop the allometric equation

4|



1%

m Subtropical dry forest

M Subtropical humid forest

M Subtropical steppe

= Temperate mountain system
M Temperate oceanic forest

M Tropical dry forest

m Tropical rainforest

1 Tropical shrubland

Figure 3. Number of allometric equation expressed in percentage (%) for the 8 different ecological classification
zone of FAO (FAO, 2001).

3.1.2 The compilation of the Global Ecological Zones

In total the 40 study sites belong to 8 different ecological zones according to the FAO classification
system (Fig. 4). More specifically the ecological zones that were classified were: subtropical dry forest
(102 equations), subtropical humid forest (5 equations), subtropical steppe (269 equations),
temperate mountain system (177 equations), temperate oceanic forest (149), tropical dry forest (57
equations), tropical rainforest (7 equations) and tropical shrubland (37 equations).
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Figure 4. The geographical distribution of the study sites based on the FAO ecological zone classification (FAO,
2001).
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3.1.3 The compilation of the input variables and vegetation components

Allometric models including one independent variable

87% of the allometric models (445 equations) that were collected relate biomass to one independent
variable. The following types of independent variables were observed:

e Tree circumference at 30 cm height (C30)
e Crown diameter in m (CD)

e Diameter at 0 cm (DO),

e Diameter at 10 cm (D10)

e Diameter at 30 cm (D30)

e Diameter at breast height (DBH) at 130 cm
e Tree heightinm (H)

The diameter at breast height (DBH) was the most commonly used (276 equations) predictor variable

for biomass estimation. DBH was followed by D10 with 41 equations, C30 with 39 equations, CD and
H with 25 equations each and DO with 17 equations (Fig. 5).

Figure 5. The number of allometric equations according to different input variables).
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Allometric models including two independent variables

Out of a total of 511 equations, 66 estimated biomass as a function of two independent variables.
The equations were found to relate biomass to:

e Diameter at breast height and height (DBH and H)
e Diameter at breast height and crown diameter (DBH and CD)
e Diameter at 30 cm and crown diameter (D30 and CD)

Based on the compilation of the data, it can be observed that most of the allometric models (49
equations) estimated biomass as a function of diameter at breast height and tree height followed by
diameter at breast height and crown diameter (9 equations) and diameter at 30 cm and crown
diameter (8 equations) (Fig. 6).
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Figure 6. Number of allometric models based on the different combinations of input variables. Diameter at
breast (DBH), height (H), crown diameter (CD) and diameter at 30cm (D30).



3.1.4 The output of the allometric models
Among the allometric models entered into the database, only one out of 511 equations was reported

3
to estimate tree volume (m ) while the rest of the equations were developed for estimates of tree

-1
biomass (kg tree ).

3.1.5 Tree vegetation component

The database has 213 allometric equations that predict the total above-ground biomass (kg tree_l) of
the tree. These allometric equations relate tree above-ground biomass to one explanatory variable
that can be diameter at breast height, tree height, tree diameter at 0, 10, 30 cm, crown diameter and
tree circumference. A lower number (67 equations) of allometric equations for estimates of the total
tree biomass is also available in the database. Moreover, the database contains models for
estimating the below ground biomass and for different tree components (leaf, branch, stem,
lignotuber, fruit and dead wood) (Fig. 7).

Above-ground
Total tree
Leaf
Branch
Bark
Below-ground
Stem wood
Stem (wood and...
Wood
Lignotuber
Fruit

Dead wood

0 50 100 150 200 250

Number of Equations

Figure 7. Number allometric equations available in the database for the different tree components
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3.1.6 Compilation and description for Species and Taxonomy:

Most of the allometric models were developed for Eucalyptus species followed by Acacia species.
However, the existing database for Australia contains equations that were developed from trees that

belong to different genera (Fig 8).

Eucalyptus
Acacia
Xanthostemon
Terminalia
Normanbya
Myristica
Melicope
Melaleuca
Lophostemon
Flindersia
Erythrophloem
Endiandra
Elaeocarpus
Corymbia
Codonocarpus
Cleistanthus
Casuarinacea
Blepharocarya
Araucaria
Angophora
Alstonia
Allocasuarina
Acmena

T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90
Number of Equations

Figure 8. The number of allometric models based on the different types of genus



4. An example of comparing allometric equations for Australia using Fantallometrik
software

The first module “Comparison of allometric equations” of the Fantallometrik software was used in
order to compare the allometric equations that were developed for Australia. The first module allows
the comparison of different allometric equations based on the selection of different filters (tree
component, species, location etc) and provides the users with the opportunity to select the best
module based on their criteria.

Following the software tutorial (Trotta, Henry, et al 2013), three files were imported: the input file
with the variables, the wood density database and the allometric equation database. The comparison
was carried out based on the selection of the trunk component. To make the comparison more
specific we further limited the comparison to all the Eucalyptus species (7 species) found in different
locations (7 sites) which belong to the same ecological zone (Temperate mountain system) as
classified by FAO. A number of 22 equations were found to meet the above criteria. Each equation
gave different biomass estimates for the trunk of the Eucalyptus species (Fig. 9).

The highest biomass estimates was given by the equation -5.097+2.3log*(DBH), from Burrows, W. H.,
M. B. Hoffmann, et al. (2000). The equation was developed in woodland ecosystems for Eucalyptus
melanophloia in eastern Australia. A number of 43 trees were measured in order to develop the

2
model giving a coefficient of determination (R ) of 0.960. The allometric equation exp(-

2
3.772+0.960*log(DBH H)) gave the smallest estimates of biomass, from Bi, H., J. Turner, et al. (2004).
The model was developed in “open-forest” ecosystems for Eucalyptus muelleriana. The sample size

2
of the trees was 13 trees and R was 0.965. Unfortunately, there is no information regarding the
applicability range of diameter at breast height (DBH) and height (H).

Component: T
(Number of Equations: 22; Number of Locations: 7; Number of Species: 7)
40 T T T T

35

251

20

Biomass (t)

L zs | | | |
0 20 40 60 80 100 120 140 160 180
DBH (cm)

Figure 9. Comparison of biomass estivates given by 22 allometric equations. The values are estimating the
biomass of the trunk of 7 Eucalyptus species found in 7 locations in Australia which belong to the same
ecological zone
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5. Conclusion

As it was mentioned in the introduction the existing database for Australia and the Pacific was
developed from 9 scientific articles. Therefore, the database has a relatively small number of
allometric equations that were developed to estimate the biomass of different tree components. It is
important to enrich and constantly update the database with new allometric equations that will
estimate not only the biomass but also the volume of the trees. Moreover, the database needs more
information for the validity range of the allometric models and also models that will cover the whole
of Australasia.

It is also important to enrich the database with allometric equations coming from different countries
in the Pacific (New Zealand, Vanuatu, Tonga, Tuvalu, Papua New Guinea, Palau, etc..) that belong to
different ecological zones. The future inventory on allometric equations for the Pacific should be
focused on models that relate tree biomass and volume to different tree components. For instance,
the diameter at breast height (DBH) is the most common tree component for tree biomass
assessment and only a small number of equations were observed for other tree components such as
tree height and crown diameter. There is also a need to develop and research equations for the
assessment of dead wood and belowground biomass. Furthermore, the existing databases lack
allometric equations for a variety of tree genera as most of the equations have been developed for
Eucalyptus and Acacia. The future inventory on allometric equations should be carried out taking into
consideration different sources of literature that might not be published in scientific journals.

A more complete database of allometric equations for the Pacific will result in a better and more
accurate assessment of tree and forest volume and biomass and in the long term will contribute to
the improvement of forest management and planning.
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