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Abstract
Species specific allometric equations are important for accurate net aboveground
biomass estimation and quantifying carbon stock in living tree biomass of
terrestrial ecosystems. This study was undertaken to develop species-specific allometric
equation semi-destructively of two indigenousand one exotic tree species namely Mytenu
sobscura, Rosa abyssinica and Eucalyptus globulus respectively in Egdu forest of
Oromia Region. Currently, like that most Ethiopian forest such model did not exist for
this particular species by this methodology. The data was taken from 12 individuals
of each species with different DBH class intervals. Preferential sampling method was
used to collected data by DBH class. The allometric equations were developed by
relating tree component biomass to DBH or basal diameter. Four equations with
high adjusted R2adj&correlation and low AIC & RSE value were selected for each tree
species and the statistical analysis was highly significant (p<0.000) fit for linear
models for all species and displayed minimal bias. They had a mean total biomass of
118.24 kg, 43.54 kg and 1026.52 kg for Mytenus obscura, Rosa abyssinica and
Eucalyptus globules respectively. It is understood that previously published general
allometric model reveal errors of over estimation of biomass in higher DBH classes
and underestimation in lower DBH classes, and the formulated new equations will be
used in the future for the selected three tree species. And it would create an opportunities
for sustainable management of forest and to mitigate climatic change through
increasing the household income through better assessment of biomass and carbon
finance.
Key words: Allometric model, Biomass, species specific, Egdu forest, semi-destructive
method.
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1. Introduction
1.1. Background
Scientific measurements have shown that atmospheric concentration of greenhouse gases
(GHGs) has been increasing rapidly as a result of human activities such as fossil fuel
burning, deforestation and industrial emissions. It is believed that increased
concentrations of greenhouse gases will lead to global climate change. It is also widely
accepted that global climate change would have adverse impacts on socioeconomic
development of all nations (IPCC, 2007, Canadell and Raupach, 2008).
Because of interest in the global carbon (C) cycle, estimating above ground biomass with
sufficient accuracy to establish the increments or decrements of C stored in forests is
increasingly important. Forests form a major component of the C reserves in the world’s
ecosystems (Houghton, 2007) and greatly influence both the lives of other organisms and
human beings (Whittaker and Likens, 2005). Trees also play a key role in the global C
cycle. Managing forests through agroforestry, forestry and plantation systems is seen as
an important opportunity for climate change mitigation and adaptation (IPCC, 2007;
Canadell and Raupach, 2008).
Afforestation and reforestation (A/R) project activities are eligible under the Clean
Development Mechanism (CDM) of the Kyoto Protocol of the United Nations
Framework Convention on Climate Change (UNFCCC, 1998). Consequently, allometric
equations are needed to estimate the changes in C stocks that result from afforestation
activities with the aim to implement A/R projects worldwide.
Furthermore, negotiations on Reducing Emissions from Deforestation and forest
Degradation (REDD) and the role of conservation, sustainable forest management and
enhancement of forest carbon stocks in developing countries (REDD+) under the next
commitment periods of the Kyoto protocol have focused even more attention on methods
for estimating biomass and carbon stocks. According to UNFCCC, countries have to
regularly report the state of their forest resources (UNFCCC, 2009).
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Under emerging mechanisms such as REDD+, high resolution temporal and spatial
assessments of carbon stocks are required. Except in very rare cases where a whole tree
population can be harvested to determine its biomass (Augusto et al., 2009), the tree
biomass is generally determined based on forest inventory data and allometric equations.
The allometric method uses allometric equations to estimate the whole or partial (by
compartments) mass of a tree from measurable tree dimensions, including trunk diameter
and height (Kangas and Maltamo, 2006). Thus, the dendrometric parameters of all trees
are measured and the allometric equation is then used to estimate the stand biomass
by summing the biomass of individual trees. When building allometric equations
for an individual tree, sprout or stand, different methods (destructive or not) may be
considered. Destructive methods directly measure the biomass by harvesting the tree
and measuring the actual mass of each of its compartments, (e.g., roots, stem,
branches and foliage) (Kangas and Maltamo, 2006). Indirect methods are attempts to
estimate tree biomass by measuring variables that are more accessible and less timeconsuming to assess, e.g., wood volume and gravity (Peltier et al., 2007).
Weighing trees in the field is undoubtedly the most accurate method of estimating
aboveground tree biomass, but it is time-consuming and is generally based on small
sample sizes. Species-specific allometric equations are preferred because tree species
may differ greatly in tree architecture and wood gravity (Ketterings et al., 2001).
However, in a tropical forest stand, more than 300 tree species may be found (Gibbs et
al., 2007) and allometric equations should represent the variability of biomass for those
species. As highlighted by McWilliam et al., (1993), destructive harvesting to build
allometric models is seldom conducted in the tropics and sample plot sizes have been
small compared to the scale of species diversity patterns; therefore results may not be
representative. It is evident that, there are very few allometric equations for sub-Saharan
Africa. None of the trees used by Chave et al., (2005) to develop generalized allometric
equations was from African forests. Zianis and Mencuccini, (2004) reported 279
allometric equations from all of the continents except for Africa.
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The United Nations Framework Convention on Climate Change (UNFCCC) adopted in
1992 by the international community to combat climate change. Ethiopia signed the
UNFCCC at the Earth Summit held in Rio de Janeiro and later ratified it on 05 April
1994. Since then Ethiopia has paid great attention to the issues of climate change and
various activities have been undertaken including conducting climate change country
studies and participating in climate change negotiations (UNFCCC, 2001). Protecting and
re-establishing forests for their economic and ecosystem services, including as carbon
stocks is one of the four pillars of the Climate-Resilient Green Economy (CRGE)
initiative, which aims to help Ethiopia to achieve its development goals while limiting
2030 GHG emissions to around today’s 150 Mt CO2 around 250 Mt CO2 less than
estimated under a conventional development path 22.2% about the flux of fossil fuels
(IPCC, 2001). Measurement of above ground biomass (AGB) at local, regional and
global scales is critical for estimating global carbon storage and assessing ecosystem
response to climate change and anthropogenic disturbances (Hese et al., 2005; Ni-Meister
et al., 2010).
The UNFCCC aims to stabilize the greenhouse gases (GHGs) in the atmospheres
(UNFCCC, 1993). The Kyoto Protocol recognizes forestry as a sink measure under the
Clean Development Mechanism (CDM). However, the prerequisite to actual
implementation depends very much on accurate verifiable methods developed to estimate
the biomass stocks and carbon sequestration rates. Although in the first commitment
period of Kyoto, 2008–2012, the market for CDM sinks is limited, the importance of
CDM sinks is in large potential for reforestation and afforestation activities in
developing countries beyond 2012. There is no single method for estimating biomass
stocks, but a number of methods depending on the scale have been considered (Gibbs et
al., 2007). On a national or larger scale, mean values per biome are usually employed
(FAO, 2006): the amount of biomass is estimated by multiplying the surface area of
each biome by the mean amount of biomass per unit surface area of this biome
and mean amounts per biome are estimated from measurements made on a smaller scale.
Biomass on national to landscape scales can be estimated by remote sensing. Highresolution images and aerial photographs provide information on tree crown size and
height, and field data are then necessary to relate this information to biomass
3

(Bradley, 1988; Holmgren et al., 1994; St.-Onge et al., 2008; Gonzalez et al., 2010). The
same applies to Lidar information on the vertical structure of forests, and to radar and
microwave information on the vertical distribution of plant water (Lefsky et al., 2002;
Patenaude et al., 2004). But remote sensing-based methods have their limitations in
terms of providing precise biomass measurements (particularly surface areas) and
differentiating forest types due to the technical, financial and human resources
available. They are also hindered by cloud cover and are susceptible to saturated signals
for certain vegetation types. Therefore, biomass estimation methods on a landscape or
greater scale rely on field measurements taken between the landscape and plot scales.
Biomass estimations on this scale are based on forest inventory data: inventory of a
sample of trees if the area is large or otherwise a full inventory (particularly in
permanent plots of a few hectares). On a smaller scale, individual biomass measurements
may be taken by weighing trees and understory vegetation. Total harvesting is generally
impractical or inappropriate in forest studies, so allometric methods have been
developed to estimate total biomass from nondestructive surrogate measurements such as
diameter of the bole at breast height (DBH). Such estimates are clearly most precise
when they are calibrated with samples from the species of interest. Sometimes, the
species of interest are rare or protected and cannot be destructively sampled to determine
allometric relationships. This is the case for an ongoing study examining how climatic
and edaphic factors control productivity and dynamics in a temperate montane cloud
forest (Hedin et al., 1995).
Tree allometry establishes quantitative relations between some key characteristic
dimensions of trees (usually fairly easy to measure) and other properties (often more
difficult to assess). To the extent these statistical relations, established on the basis of
detailed measurements on a small sample of typical trees, hold for other
individuals, they permit extrapolations and estimations of a host of dendrometric
quantities on the basis of a single (or at most a few) measurements. The use of allometry
is widespread in forestry and forest ecology. In order to develop an allometric
relationship there must be a strong relationship and an ability to quantify this relationship
between the parts of the subject measured and the other quantities of interest.
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Also when developing this equation one must play in factors which affect tree growth
such as age, species, site location, etc. Also, the allometric equations used to predict the
biomass of a tree from easier-to measure dendrometric characteristics such as tree
diameter or height, are key factors in estimating the contribution made by forest
ecosystems to the carbon cycle.
The United

Nations

Collaborative

Program

on Reducing

Emissions from

Deforestation and Forest Degradation in Developing Countries (UN-REDD Program)
was created in September 2008 to assist developing countries to build capacity to
reduce emissions and to participate in a future REDD+ mechanism. For the purpose
of this strategy, REDD+ refers to reducing emissions from deforestation and forest
degradation in developing countries; and the role of conservation, sustainable
management of forests and enhancement of forest carbon stocks in developing
countries (UNFCCC Decisions 1/CP.13; 2/CP.13 and 4/CP.15).The goal of significantly
reducing emissions from deforestation and forest degradation can best be achieved
through a strong global partnership to create a REDD+ mechanism under the
(UNFCCC). Such a partnership must be based on a commitment, on one hand, by
developing countries to embark on low-carbon, climate resilient development, and on
the other hand, by developed countries to provide predictable and significant
funding as an incentive for reduced forest-based carbon emissions.
Abatement of forest-based emissions is critical to limiting global warming. The UN’s
Intergovernmental Panel on Climate Change (IPCC) estimated in 2007 that the forest
sector and other sectors

that

impact

land

use through

deforestation,

forest

degradation and other changes in forests contributes approximately 17 per cent of
global greenhouse gas emissions,4 or approximately 5.8 Gt of carbon dioxide equivalent
(CO2), per year. These emissions are mainly taking place in tropical developing countries
(IPCC, 2007).
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1.2. Allometry in Ethiopia
According to (Henry et al., 2011), species specific allometric equations in Ethiopia were
developed only for 7 species totaling 64 allometric equations. The authors indicated that
there are 84 equations in Gabon, 74 in Ivory Coast, 79 in Mali, 108 in Nigeria and 76 in
Senegal; these countries are with the highest allometryequations in the continent. There
are biomass and volume allometric equations for tree species registered for Ethiopia
Allometric equation database for Chinese contains a total of 830 equations for 98 species
and 46 locations in 17 provinces (UN-REDD, 2014). According to Jenkins et al.(2004),
countries like the United States have developed allometric function for most of their
forest tree species. The compilation of the data by the above authors indicated that there
are more than 1,700 allometric equations for more than 100 species of trees from 177
sample trees in the United States alone, mainly estimating biomass based on a single
predictor variable, DBH.
Moreover, from the GlobAllome Tree, a web based platform that aims to inventory
existing allometric equations and to improve global access to tree allometric equations. In
2014, the platform contained more than 12,000 equations and has over 1,900 registered
users; however, there were only 64 registered allometric equations for Ethiopia. Our
country is endowed with diverse flora and fauna, with a variety of agro-climatic zones,
making the country to be a botanical treasure house, containing about 6000 different plant
species, therefore the existing allometric equations are very limited (WBISPP, 2004).

1.3. Statement of the Problem
Literature is replete with several allometric equations for estimating aboveground
biomass of some tropical forests (Brown et al., 1989; Chave et al., 2005; 2014; Fayolle et
al., 2013). In Ethiopia, however, allometric equations rarely exist, especially for forestry
grown trees. Hence, the option is to apply equations from other geographical regions, the
reliability of which has not been tested for Ethiopia (Brown et al., 1989; Henry et al.,
2010; Chaveet al., 2014).
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Consequently, this will lead to an error of biomass estimation and carbon sequestering
capacity of a given specific species. The developments of new, species-specific
allometric equations are necessary to achieve higher levels of accuracy (Basuki et al.,
2009).
Taking into consideration, protecting and re-establishing forests for their economic and
ecosystem services including as carbon stocks is one of the four pillars of the climate
resilient green economy (CRGE) strategy of the country, in its way to become middle
income status via the path to sustainable development which anticipates to limiting the
national greenhouse gas emission level to 150 Mt CO2e in 2030 instead of 400 Mt CO2e
under BAU Scenario, and for which the REDD+ is one of the initiatives selected for fasttrack implementation and is hoped to generate huge amount of revenue through emission
trading. However, to implement the above mentioned REDD+ framework it is first
necessary to quantify biomass which requires allometric models. Moreover, Ethiopia has
implemented a number of Participatory Forest Management (PFM) in forested areas. Yet,
there are very few allometric equation developed for indigenous trees when compared to
other countries. Therefore, this study aims to develop allometric equations for three
selected indigenous trees in Egdu sometimes called Menagasha Amba Mariam Forest
(MAMF), located in Oromia region, with the objective to contribute to biomass
estimation and development of local species specific allometric equations. The developed
models can be used for biomass estimation for carbon stock trading by agents like
REDD+ and others.

7

1.4. Objectives
1.4.1. General Objective
The main purpose of this study is to develop allometric equations for Eucalyptus
globulus, Maytenus obscura and Rosa abyssinica tree species; in Egdu Forest in Oromia
regional state of Ethiopia.

1.4.2 Specific objectives
➢ To develop allometric equation using semi-destructive techniques, for
Eucalyptus globulus, Maytenus obscura and Rosa abyssinica tree species;
➢ To calculate mean wood density for the three tree species;
➢ To compare the reliability of the developed local allometric equations with
generic equations

1.5. Organization of the Thesis
This study is organized and presented in five chapters. Chapter one is an introductory part
of the thesis to give a background to the research which is briefly described and to the
identified statement of the problem being researched and the objective of the study.
Chapter two reviews the literature that deals on basic terms, relations and correlation of
ideas related to the study that has been conceptualized. In chapter three, the methodology
employed on the samples and the sampling techniques, data collection procedures, model
development and data analysis strategies was discussed. Chapter four is concerned with
data presentations, analysis and interpretations, whereas the last chapter, chapter five,
presents conclusion and recommendations of the study.

8

2. REVIEW OF RELATED LITRATURE
2.1. Overview of Global Climatic Change
Climatic change is an alarming issue in the world that needs higher priority and
immediate concern of every individual stakeholder of the Earth (Bouwman, 1990) and it
is also a fundamental escalating threat to every development in our lifetime.
Measurements from a variety of sources have suggested that the e atmospheric
temperature has raised over the last several hundred years.
Recent IPCC (2007) report predicted that an increase in temperature is expected with
more precision of 1.8 oC to 4 oC at the end of the century. It is also expected to a lead to
regional and global changes in climate that could have significant impacts on human and
natural systems. Increasing atmospheric temperature level linked to an increase in the
concentration of CO2 in the atmosphere (Petit et al., 1999). Carbon dioxide (CO2) is
among the most abundant greenhouse gas contributing a vast role as a primary agent for
global warming. IPCC (2007) reported that the amount of carbon dioxide in the
atmosphere has increased from 280 ppm in the pre-industrial era (1750) to 379 pp in
2005, and is continuing to increase by 1.5 ppm each year. Most of the CO2 emissions
derived from human activities are due to the result of fossil fuel combustion (76 percent
of the total). Carbon emission is resulted from various anthropogenic activities mainly,
from deforestations and forest degradation and deforestations and forest degradations
in the tropic regions, have contributed to 90% of the greenhouse gas emissions from Land
Use, Land Use Change, and Forestry (LULUCF) (Correia et al., 2010). According to
(IPCC, 2001) it was reported that over the last 20 years, the majority of the emission is
attributed to burning of fossil fuel, while 10-30% is attributed to land use change and
deforestation. And CO2 is by far the most contributors, accounting 72% of the total
anthropogenic greenhouse gases, causing between 9-26% of the greenhouse effect (Kiehl
and Trenberth, 1997). In line with the deforestation and forest degradation increment in
CO2 concentration, along with other greenhouse gases (GHG), and raised concerns over
global warming and climate changes have lead various research reports to conclude that
climate has changed over the past century.
9

Apparently, impacts related to climate changes are observed by hotter temperatures,
rising sea levels, increased ocean acidity and ice melt in many regions. So, economic
sectors which are dependent on climate are expected to become increasingly disruptive
across the globe throughout this century and beyond. Sectors affected by climate changes
are agriculture, water, human health, energy, transportation, forests, and ecosystems. In
the matter of fact climatic change have a catastrophic domino effect on poor developing
countries. In Ethiopia negative impacts of climate changes and variability is manifested
by the occurrence of; alternating floods and droughts, increased trend of temperature
maximum, exacerbated desertification, desiccation of wetlands, Incidence and prevalence
of diseases, and substantial declines of agricultural and forest productivity. (Gullison et
al, 2007).

2.2. Conventions and Negotiations of Climatic Change
The Kyoto Protocol is an international agreement linked to the United Nations
Framework Convention on Climate Change (UNFCCC), which commits its parties by
setting internationally binding emission reduction targets. The United Nations
Framework Convention on Climate Changes was adopted in 1992, entered into force in
1994 and currently has 195 Parties. The Kyoto Protocol was adopted in Kyoto, Japan, on
11 December 1997 and entered into force on 16 February 2005.The Protocol runs out in
2020 and international climate negotiations are in process to reach a new agreement, with
a significant meeting taking place in Paris in December 2015.
The United Nations Framework Convention on Climate Change (UNFCCC) and the
Kyoto Protocol addressed the importance of reducing and monitoring greenhouse gases
(GHGs) in the atmosphere, being carbon the most significant of those. Carbon dioxide
(CO2) is the most significant and prevalent GHG. Released by human activities and is
emitted mostly from the burning of fossil fuels like coal, oil, natural gas and especially
from forest degradation and deforestation. As a result the Kyoto Pro &R (afforestation
and reforestation) with agroforestry as a part of it has been recognized as an option for
mitigating greenhouse gases (Nair et al., 2010).Afforestation and reforestation (A/R)
project activities are appropriate under the Clean Development Mechanism (CDM)
10

of the Kyoto Protocol (UN, 1998).The Kyoto protocol has two commitment
periods, i.e., 2005-2012 and 2012- 2020 (UNFCCC, 2008, and Ethical Energy,
2009). The Avoided deforestation projects–2012 first commitment period of the Kyoto
Protocol due to the raised of concerns of diluting fossil fuel reductions, sovereignty and
methods of measuring emission reductions (Gullison et al., 2007).
Furthermore United Nations Framework Convention on Climate Change recently agreed
to study and consider new initiatives, in favor of forest-rich developing countries. It
provides financial or economic incentives to help developing countries voluntarily to
reduce national deforestation rates and associated carbon emissions below a baseline
(REDD). Countries that demonstrate emissions reductions may be able to sell those
carbon credits to the international carbon market or elsewhere. The (2010) negotiations
on Reducing Emissions from Deforestation and forest Degradation and the role of
conservation, sustainable forest management and enhancement of forest C stocks in
developing countries (REDD+) under the next commitment periods of the Kyoto protocol
have focused more on methods for estimating biomass and C stocks (UNFCCC, 2009).
Under the UNFCCC, countries have to regularly report the state of their forest resources.
Under emerging mechanisms such as REDD+, they are likely to require high resolution
temporal and spatial assessments of C stocks. Finally according to the latest IPCC
Synthesis Report, released November 2014, the need for urgency is intensifying, and
the

report 2030 will substantially increase the technological, economic, social and

institutional challenges associated with limiting the warming in the 21st century to below
20C”. The report also highlights that; emissions from fossil fuels need to fall to almost
zero by the end of the century. And yet, this comes at a time when carbon emissions
mainly from burning coal, oil and gas are rising to record levels and are not falling.
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2.3. What is Allometric Equation?
The term allometry was coined by Julian Huxley and Georges Tessier in 1936, and comes
from the two Greek word "allo" comes from Greek allos = "other", in this case "other than
metric" -- that is, nonlinear when it was applied to the phenomenon of relative growth
(Huxley &Tessier 1936). The term originally referred to the scaling relationship between the
size of a body part and the size of the body as a whole, as both grow during development.
However, more recently the meaning of the term allometry has been modified and expanded
to refer to biological scaling relationships in general, be it for morphological traits or the
change in organisms in relation to proportional changes in body size.
At present the use of allometry is widespread in forestry and forest ecology. In order to
develop an allometric relationship, there must be a strong relationship and an ability to
quantify this relationship between the parts of the subject measured and the other quantities
of interest. Also when developing this equation one must play in factors which affects tree
growth such as; age, species, site location, and etc. The broadest definition of allometry is the
linear or non-linear correlation increments in three dimensions (Picard etal., 2012). This Can
also be define as a function describing mathematically therelationship between the volume or
the mass of the tree and other more easily measured variables, such as diameter at breast
height (DBH) and/or the height (H) of the tree.
Forms of the allometric equations vary widely, but the most commonly used is a linear
equation y = a + bx, where y is the biomass and x (DBH) is the diameter at the breast height
(Dudley and Fownes, 1992). Allometric power function equations Y= aXb, and their linear
equivalents, ln (Y) = (a+b) ln (X), where Y is the dependent variable, X is the independent
variable, a is the intercept coefficient and b is the scaling exponent which is used to predict
the biomass from independent variables (Shem et al., 2012). Those methods or analysis
mechanisms are widely used at the development of the equation. However there are also
different models which are tested in accordance with the specific objective of the study. Then
the most appropriate one is selected, for example both the standard regression and
standardized major axis slope fitting techniques can be used. The standard regression method
remains valid when the only aim of the measurement was to detected (Willebrandet al.,
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1993). Still for all trees varieties species and all forest type used model was a double log
model. Others model like polynomial gave a worse fit and it should be rejected. Polynomials
have the limitation that the shape may be biologically unreasonable.

2.4. Benefits and Limitations of Existing Allometric Equation
Allometric equation is an important model for estimating biomass and quantifying carbon
stock in the living tissue on terrestrial ecosystem. So various allometric equations have been
developed but each model has its own constraints and may cause an error in the estimated
result. Its limitation arises from various perspectives and or applying those allometric models
in general. The accuracy or uncertainty of the models is an important aspect, which is
mentioned in the GPG and the different instruments of the Kyoto Protocol. To come up with
accurate model that reduce uncertainty and increase accuracy need to be comparing the
merits and demerits of each model in detail by considering the situation. In general there are
two types of allometric equation namely, general and species specific allometric equation.

2.4.1. General Allometric Equation
Estimates of biomass are largely results of a common equation applied over a large area
(Houghton, 2003). The advantage of applying general allometric equations was that the
equations were derived from a large number of trees with a wide range of DBH. This could
improve the accuracy of the biomass estimation (Brown, 2002).Usage of allometric equations
is the standard methodology for the estimation of tree, plot, and regional aboveground
biomass beneficial in an area. Its which harboral so high species diversity like tropical,
grouping all species together and using generalized allometric relationships that are stratified
by broad forest types or ecological zones that has been highly effective in the tropics (Brown,
2002).Instead of developing and applying an allometric equation for each species which is
time consuming and expensive.
Even though Several general allometric equations have been published for particular, rather
homogenous systems such as coffee (Segura et al., 2006), forest plantation (Bastein-Henri et
al., 2010) and various forest types (Brown, 1997) among other vegetation types. Several
biomass-prediction equations have been developed from mixtures of tropical species (Chave
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et al., 2005) have not been validated for the region. Existing allometric equations in East
Africa are mainly developed for distinct land use systems such as forestry (Kirukiet al.,
2009). In addition, most existing equations have underrepresented certain vegetation types
and tree size (Keith et al., 2000). Applying such equation for a broader geographic area may
cause bias, mostly overestimation. Because biomass varies depending upon a variety of
factors i.e. age of the stand, species and topography. Generalized allometric equations do not
accurately predict above ground biomass (Litton et al., 2006) and yet the use of generalized
equations can lead to a bias in estimating biomass for a particular species (Pilli et al., 2006).

2.4.2. Species- Specific Allometric Equation
Species specific allometric equations are used to predict tree and stand biomass, based on
easily measured tree variables such height, diameters and crown. Such equations are specific
to species, sites, tree age and management (Kairo et al., 2009).It is necessary to achieve
higher levels of accuracy for biomass estimation and quantifying carbon. Studies in
temperate and tropical regions have shown the advantages of species-specific biomass and
volume allometry (Basukiet al., 2009). Species-specific allometric equations are preferred,
because tree species may differ greatly in tree architecture and wood gravity (Ketterings et
al., 2001). According to the variation in tree form and growth properties, species- specific
allometries are desirable. It is also recommended while developing an equation for each and
every species particularly. However, the species diversity present in tropical forests makes
this prohibitively costly for most sites even worse if it through destructive or direct
measurement.

2.5. Biomass Measurement
Biomass is the total amount of living organic matter accumulation on a unit area at a
specified point of time (Brown, 1997; Applegate et al., 1988). Tree biomass, which is used to
denote the total quantity of materials in a tree, can best be measured in terms of weight
(Poudel et al., 2003).Estimates of tree biomass are useful in assessing forest structure and
condition (Chavé et al., 2003); forest productivity, carbon stocks and fluxes based on
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sequential changes in biomass; sequestration of carbon in biomass components; i.e., wood,
leaves, and roots and also they can be used as an indicator of site productivity.
Therefore accurately estimating the biomass of forests is a critical step of estimation carbon
stored in the forest (Hosoda and Iehara, 2010). In turn carbon quantification is very important
for sustainable forest management and climatic change mitigation. Accordingly developing
species specific allometric equation is very important to fulfill the above mentioned critical
step. It can be developed through biomass estimation which in turn measured either by direct
(destructive) method or indirect (non- destructive) method.

2.5.1. Destructive Biomass Measurement
Destructive measurement is done by harvesting the tree of sample plots and subsequent
extrapolation to an area unit. Direct measurement of tree aboveground biomass (AGB)
involves filling an appropriate number of trees and estimating their field and oven-dry
weights, a method that can be costly and impractical, especially when dealing with numerous
species and large sample areas (Willebrand et al., 1993).But as a result of measuring the
actual mass of each of its compartments, (e.g., roots, stem, branches and foliage).It is the
most accurate method to calculate and develop regression equations from destructively
sampled trees that are in the size range of interest and to apply these equations to every tree
in the stand for verification purposes (Abola et al., 2005).
Although direct measurements of forest biomass provide higher estimation accuracy than
other methods, it is impractical for larger areas, as well as time consuming and coasty,
especially for heterogeneous landscape (Clarcket al., 2001; Wang et al., 2003) on the other
hand, it is also inappropriate in forest studies, even worse when the species of interest are
rare or protected .And it cannot be destructively sampled to determine allometric
relationships. Because direct destructive techniques for biomass estimation and developing
allometric models are time consuming and expensive (Nathet al., 2009), i.e., they are
enormously time consuming, labor intensive, monotonous and very expensive to acquire.
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2.5.2. Non-Destructive Biomass Measurement
Allometric methods have been developed from non-destructive surrogate measurements,
such as diameter at breast height DBH. Non-destructive or indirect method attempts to
estimate tree biomass by measuring variables that are more accessible and less timeconsuming to assess (e.g., wood volume and density) (Peltieret al., 2007). By Constructing a
functional relationship between tree biomass and other tree’s dimensions, such as stem
diameter, height and wood density, by means of regression analysis rather than performing
the so-called “destructive. Additionally, sampling” these i equations can help in predicting
the biomass components, based on some easily measurable predictor variables such as stem
diameter/circumference, shoot height or crown diameter, which can be measured nondestructively (Whittaker and Wood well, 1968). Furthermore, allometric relationships
through regression analysis has this advantage .i.e. once equations are developed and
validated, they can be used for similar forest types on a wide range of sites in a particular
geographic region (Satto and Madgwick, 1982).Such estimates are clearly most precise,
when they are calibrated with samples from the species of interest. Even if it’s the less direct
one this accuracy kind of measurement is environmental friendly and can be apply on any
ecosystem. And also its time and cost effective due to the fact that we can use this method for
whatever larger number of species we have.

2.6. Tree Biomass and Carbon Sequestration
UNFCCC and its Kyoto Protocol recognized the role of forests in carbon sequestration.
Specifically, Article 3.3 and 3.4 of the Kyoto Protocol pointed out a forest as potential carbon
storage (United Nations, 1998). Forest ecosystem plays very important role in the global
carbon cycle and stores about 80% of all above-ground and 40% of all below-ground
terrestrial organic carbon (IPCC, 2001).The largest part of carbon exchange (CO2 and CO)
between the atmosphere and the land occurred in the forest because, forest vegetation absorbs
carbon through photosynthesis which helps it to build the other half of woody biomass in
carbon compounds. During productive season, CO2 from the atmosphere is taken up by
vegetation and stored as a plant biomass (Losiet al., 2003; Phatet al., 2004).
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Biomass is a mass of living or dead organic matter in an organism, expressed as mass of dry
matter. For a tree, this is expressed in kg. Trees of forests sequester can store more carbon
than any other terrestrial ecosystem and plays a role as important natural on climate changes.
The trees act as major CO2 sink, which captures carbon from the atmosphere and acts as
carbon sink, stores the same carbon in the form of fixed biomass during the growth
process.i.e.as trees grow and their biomass increases, they absorb carbon from the
atmosphere in photosynthetic process and store it the plant tissues (Mathews et al., 2000)
resulting in growth of different parts. Carbon sequestration captures and secures storage of
carbon that would otherwise be wantonly emitted to or remain in the atmosphere and enhance
the greenhouse effect process (Houghton et al., 1996).
Carbon sequestration through forests serves as a sizeable sink for atmospheric CO2 both in
temperate and tropical areas (Fang et al., 2001).As forests are cleared or degraded, their
stored carbon is released into the atmosphere as carbon dioxide (CO2) Sequestration of
carbon has received considerable attention in recent past as a result of its commoditization.
The carbon stored in the aboveground living biomass of trees is typically the largest pool and
the most directly impacted through deforestation and degradation. Deforestation and forest
degradation is the largest source of greenhouse gas emissions in most tropical countries.
According to FAO (2005), deforestation accounts for nearly 70% of total emissions in
Africa. Moreover, clearing tropical forests also destroys globally important carbon sinks that
are a current sequester. Over the past two decades, tropical land-use change, especially
deforestation and forest degradation, has accounted for 12–20% of global anthropogenic
greenhouse gas (GHG) emissions (Harris et al., 2012). Therefore, estimating aboveground
forest biomass carbon is the most critical step in quantifying carbon stocks in forests. So,
estimating carbon sequestration of trees in forests is an important activity within climatic
change and global warming issues.
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2.7. GHGs Emission Inventory in Ethiopia
Our climate is undergoing dramatic changes due to the direct results of greenhouse gas
(GHG) emissions from human activity. GHG glass roof around the earth, trapping in heat
that would be escaping to space –and this is commonly referred to as the effect” greenhouse
The Kyoto. Protocol of the international agreement on emissions reductions identified five
other GHG gases, that participating counties pledged to reduce in order to limit
anthropogenic climate change are: methane (CH4), nitrous oxide (N2O), hydro fluorocarbons
(HFCs), per fluorocarbons (PFCs) and sulphur hexafluoride (SF6). The seventh gas, nitrogen
tri fluoride (NF3), was later added to the list. Chlorofluorocarbons (CFCs) are also
categorized as GHG resulting from human impact on the environment. But carbon dioxide
(CO2) is the most significant and prevalent GHG released by human activities that is emitted
mostly from the burning of fossil fuels like coal, oil and natural gas.
United Nation Framework Convention on Climate Chang estates the ultimate goal objective
of all international agreement works on climate change is; to achieve in accordance with the
relevant provision of the convention and stabilization of GHGs concentrations in the
atmosphere at the level that would prevent dangerous anthropogenic interference with the
climate system. Estimating the level of GHG emission and removals is an important element
of the effort to achieve this objective. In accordance with articles 4 and 12 of the climatic
change convention, countries that are parties to the convention submit national greenhouse
gas (GHG) inventories to the climatic change secretariat. Ethiopia like many other countries
is developing and implementing national greenhouse gas (GHG) emissions reduction goals,
low-emissions development strategies (LEDS), nationally appropriate mitigation actions
(NAMAs), and other programs and policies that seek to mitigate GHG emissions in
facilitating the socio-economic development.
GHG measurement and performance tracking can include a variety of activities, ranging
from the national level to the individual source level. Such as: national GHG inventories;
sub-national GHG inventories (e.g., state/provincial and city inventories); corporate-level
GHG reporting programs; facility-level GHG reporting programs; systems for tracking GHG
reductions from mitigation actions, policies, and projects; and systems for tracking progress
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toward national, sub-national and sectorial GHG reduction goals. Furthermore tracking
emissions in the forestry sector with a forest cover of 50.6% of the country’s total, 2004) land
forest area change accounting (WBISPP for an estimated 35% of total GHG emissions
(Government of Ethiopia 2011), Ethiopia has made the forest sector a central area of focus
for mitigation action. Ethiopia’s recent resilient Green Economy strategy includes forestry as
one of four main pillars supporting sustainable economic development. This forestry strategy
includes goals for reducing pressures on forest resources and increasing reforestation and
afforestation activities.

2.8. Overview of Ethiopia Forest Biomass
Ethiopia owns diverse vegetation resources, from tropical rain and cloud forests in the
southwest and on the mountains to the desert scrubs in the east and north east and parkland
agroforestry on the central plateau (Demel Teketayet al., 2010).The country has variety of
agro-climatic zones, which has made the country botanical treasure house, containing about
7000 different flowering plants out of which about 12% are endemic (FAO, 2001).
According to WBISPP (2004), Ethiopia has estimated a total high forest area of 4.07 million
hectares or about 3.56% of the land area of the country. And about 95% of the total high
forest is located in three regions namely Oromia, SNNPR and Gambella regional states.
There are 92 high forests in Ethiopia and out of which 56 are dry evergreen montane forests,
29 moist montane forest, 5 transitional dry moist evergreen montane forests and 2 lowland
semi-evergreen forests (EFAP, 1994). The most recent WBISPP estimates of the woody
vegetation resources is about 59.7 million hectares in Ethiopia with 6.8% forest, 49%
woodland, and 44.2% shrub land (WBISPP, 2004). Ethiopia’s forests have been subjected to
human pressure over the course of its history and anthropogenic pressures have continued to
increase significantly over the last century (Demel Teketayet al. 2010). An estimated 97% of
the natural vegetation of Ethiopian Highlands has been lost, with humans having significant
impacts on an estimated 95% of the natural vegetation in the Horn of Africa (GEF, 2008). It
is declining for at least two centuries, based on original forest estimates and anecdotal
evidence (Bishaw, 2001; Henze, 2000).
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As in many developing countries accurate and detailed metrics for quantifying the extent,
standing volume, rates of deforestation, annual growth increments, regeneration and
recruitment are often scarce and incomplete. Apparently according to the FAO (2010) report
lists Ethiopia as one of the top ten countries with the largest volume of wood removal in
2005. Forest decline is estimated to be 1.11% annually. And lastly in the face of global
climate change forests will continue to play a key role as carbon sinks, mitigating greenhouse
gas emissions.
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3. MATERIALS AND METHODOLOGY
3.1. Description of the study area
3.1.1. Geographic location
The study was conducted in Welmera District, Oromia National Regional state, central high
lands of Ethiopia in a forest located at about 30 km West of Addis Ababa and 5 km from
Menagasha town to the South (Figure.1). Egdu forest is one of the remnant dry afromontane
forests in central Ethiopia and the forest has an altitudinal gradient ranging from 2,580 to
2,910 meter above sea level. The forest covers a total area of 486 ha and it is home for a
wealth of flora and fauna. The topography of Egdu forest which is sometimes called
Menagasha Amba Mariam Forest (MAMF) is characterized by dissected island plateau
surrounded by cultivated land in all directions (Adugna Feyisa et al., 2013).

Figure 1: Location map of the study area
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3.1.2. Climate
The annual rainfall of the study area is 1,028 mm ranging from 1,236.6 mm maximum in
1990 to minimum of 777.2 mm in 1997 with the rains mainly falling from the end of May to
September. The monthly rainfall has a unimodal distribution. Nevertheless, there are rains in
any months of the year from small amount of clouds letting additional moisture for the forest.
There is high amount of rainfall from June to September. Currently, the mean annual
temperature of the surrounding area is about 17.1 0C, with a maximum of 25.60C recorded
from January to May and minimum of 8.20C which is recorded during December and the
mean annual rainfall of 1314 mm (EMSA, 2011).

Figure 2: Climate diagram of Egdu forest and the surrounding areas
(Based on data recorded in Addis Ababa, Data Source: EMSA, 2011).
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3.2 Description of the Species
3.2.1 Eucalyptus globulus- Labill. - Myrtaceae
Tree, usually to 45 m high, sometimes reaching 70 m. Bark usually smooth, white to cream,
yellow, bluish-grey or grey, peeling from the trunk throughout, but with accumulated greybrown, not-peeling bark for up to one meter from the trunk base. Juvenile leaves numerous
and prominent, opposite, sessile, cordate, base clasping the stem, ovate, grey-green to
glucose, with strong difference in color between the two sides, 7-16 x 4-9 cm. Adult leaves
lanceolate to narrowly lanceolate, sometimes falcate, acuminate, green, uniform in colour.
Inflorescences variable between the subspecies; umbels 1-, 3- or 7-flowered; peduncle
flattened or rounded; pedicels present or absent. Buds barrel-shaped to obconical, warty,
glaucous; operculum flattened hemispherical, shortly protruding and navel-shaped;
hypanthium obconical, ribbed or smooth. Fruits sessile, obconic to hemispherical or globular,
glaucous or not, usually with prominent longitudinal, warted ribs; disc broad, level to
ascending; valves 3-5, level or exserted. Seeds irregular reticulate, grey to black (FEE V2.2,
pp 101).

3.2.2 Maytenusobscura(A. Rich.) Cuf - Celastraceae
Shrub or tree 2-10 m high with spines up to 4 cm long; branches black or dark grey to dark
brown with numerous pale lenticels, glabrous. Leaves: petiole 4-10 mm; lamina 4-8.7 x 1.74(5.8) cm, elliptic or oblong to ovate or oblanceolate, leathery, glabrous, apex obtuse to
rounded or sometimes subacute to retuse, margin crenate. Cymes 1-2(-2.5) cm long,
glabrous; peduncle 1-7 mm long; pedicels 2-5 mm long; flowers 2-50 in each cyme, 3.2-6.3
mm in diam., bisexual or functionally unisexual. Sepals 5, 0.7-1.5 x 0.7-1.5 mm, triangular
with subentire to shortly ciliolate margin. Petals 5, 2- 3.8 x 1-2.3 mm, oblong. Male flowers
with 5 stamens longer than the pistillode. Female flowers with 5 staminodes shorter than the
ovary. In bisexual flowers the stamens and ovary are ± equal in length. Ovary 3-4 locular.
Disc convex, 5-10 bed. Capsule red to red brown when mature, greenish when young,
obconic, trigonous, 4-6 mm long, glabrous. Seeds 3-4, reddish brown, glossy with a fleshy
white (turning pale yellow at maturity) aril at the base.
23

Distribution: Open woodland, grassland, forest margins, sometimes along streams; c (1700)
2100-3100 m. TU GD GJ WG SU AR BA IL KF SD; Uganda, Kenya, Tanzania and Burundi
(FEE, V 3 pp 335).

3.2.3 Rosa abyssinicaLindley
Shrub, creeping or often climbing, sometimes forming a small tree 0.5-7 m; prickles usually
slightly curved from a wide base. Leaves evergreen, somewhat leathery; leaflets usually 7,
shortly petiolate, 0.8-6.5 cm, ovate to narrowly ovate to almost lanceolate, acute, rounded or
cuneate at base, usually simply serrate, occasionally glandular biserrate with acute, low,
numerous teeth, glabrous or hairy on main veins beneath or sometimes glandular beneath;
petiole and rachis glabrous or often with some small prickles and glands; stipules narrow
with short glandular auricles. Flowers usually 3-20 in rather dense corymbs occasionally
solitary; bracts small, narrow, entire, deciduous. Pedicels 1.5-3.5 cm, straight, glabrous or
sparsely hairy at least above and often sparsely glandular hispid. Sepals ovate, rather
gradually tapering into a long, narrow tip, rather villous on back, deflexed. Petals 1.2-2.6 x
0.8-2 cm, white to pale yellow, slightly emarginated, fragrant. Disc conical, rather wide with
a narrow orifice. Styles usually somewhat hairy sometimes glabrous, connate into a long,
protruding column, c 0.5 cm. Receptacle globose to broadly ovoid, 0.7-1.8 cm, glabrous or
usually ± hairy, at least above, and with sparse glands, red to orange red when ripe. The fruits
are edible and are collected and eaten frequently by children. There is a report of the fruits
being used against hookworm.
Distribution- Common, forming thickets in upland dry evergreen forest and margins and
clearings; upland bush land, rocky places, dry grassland and riparian formations; also in
different types of manmade habitats, sometimes standing alone as a small tree; 1900-3300 m.
EW TU GD WU GJ SU AR HA BA; also in Arabia (Yemen), Somalia and Sudan (FEE, V 3
pp 35-36).
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3.3 Methods
3.3.1. Reconnaissance Survey
Reconnaissance survey was conducted to collect baseline information, observe vegetation
distribution, get an impression of the site condition and identify possible sampling sites. The
methodology and procedures used were step-by-step procedures using standard allometric
equation development techniques using semi destructive method as recommended by FAO
(Picard et al., 2012). The location of sample sites was chosen based on the following criteria:
representativeness of the forest type; representativeness for topographic conditions of the
general site location; representativeness of the number and trees sizes occurring in the
general site location; and even distribution of trees in the site area, avoiding large gaps. The
location of sample sites was recorded using a GPS receiver, at all points of the trees
measured (Dung et al., 2012).

3.3.2 Selecting Species and Trees
Three trees species was randomly selected from the forest namely Eucalyptus globulus,
Maytenus obscura and Rosa abyssinica. The study used preferential sampling techniques
which allow all needed samples have the probability be involved in the study. The
preferential sampling starts with the quick screening of vegetation variability in the landscape
or in the particular locality, during which vegetation types were delimited in a researcher’s
mind. Twelve individual trees per species having six DBH classes were used for semi
destructive measurements. These sample trees were selected based on the following criteria:
an equal number of sample trees for each DBH class; representative of the species as
occurring in the general plot location; avoiding hollow trees, trees with break crowns or
truncated trees. Here, trees are stratified in to 6 diameter classes of 2.5 - 10; 10.1 - 20; 20.1 30; 30.1 - 40; 40.1 – 50; and above 50 cm. Two trees per DBH class were selected randomly
and were assessed when the species had it.

25

3.3.3 Variables Measurement and Calculation for Volume and Biomass
3.3.3.1 Field measurements
Field data was collected on December 2017 at the study site which is found 30 km from the
capital of the country.
The methodology for field data gathering was based on the manual for building tree volume
and biomass allometric equations prepared by FAO (Picard et al., 2012). The following
present the main steps involved in biomass measurement and allometric equation
development. Since destructive methods have felling constraints (kill whole tree) and using
destructive method is strictly forbidden in the area, semi-destructive measurements was
taken. These combined direct measurements for certain parts of the tree, and volume and
density measurements for the others. This was reflected by the trimming and maintenance
practices often employed for trees located in such forests. The trees in most areas are
protected as this woody resource regenerates particularly slowly and is endangered by human
activities. Grazing activities also limit regeneration and small trees are often few in numbers
in such sites (Picard et al., 2012). Biomass measurements were therefore semi destructive
and take full advantage of this trimming to measure the biomass of the not trim
compartments. Generally, the trunk and the large branches were not trim; only few small
branches were affected. The measurement of fresh biomass (in kg) divided into two parts:
measuring trimmed fresh biomass and measuring untrimmed fresh biomass (Figure 2).
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Figure 3– Determination of total fresh biomass. (A) Separation and measurement of trimmed and
untrimmed biomass, (B) numbering of the sections and branches measured on a trimmed tree.

3.3.4 Measuring trimmed fresh biomass
The branches were trimmed in compliance with local practices (using a saw). Measuring tape
was used to determine the diameter at the base of each branch. Then the leaves were separate
from the trimmed branches. The fresh biomass of the leaves from the trimmed branches
(Btrimmed fresh leaf) and the fresh biomass of the wood from the trimmed branches (Btrimmed fresh
wood)

were determined by weighing separately. Field-work electronic scales were used for

weighing operations. Random sample of the leaves from the trimmed branches was taken.
Samples of leaves from three different branches were generally taken to constitute the
aliquot

aliquot, and then the leaf’s fresh weight (𝐵 fresh leaf in g) was measured. An aliquot of the
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wood was also taken at random from the trimmed branches, without debarking and its fresh
aliquot

mass (𝐵 fresh leafwood

in g

) was measure in the field, immediately after cutting. For aliquots

that was weigh in a bag in the field, the weight of the empty bag was determined. This value
was then deducted from the field measurements. These aliquots were place in numbered
plastic bags and brought to the laboratory (Picard et al., 2012) of Addis Ababa University,
Center for Environmental Science for laboratory work. First, the volume of aliquot fresh
aliquot

wood was measure (𝑉fresh wood) from the wood aliquot was taken from the trimmed
compartments. This volume was measure with most commonly employed measurement of
volume which is water displaced when the sample was immerse in water (Maniatis et al.,
2011). The volume of water displaced was measure using a graduated tube of suitable
dimensions for the sample (Figure 3) and the value used to determine mean wood density p.
Secondly oven drying of both leaf and wood aliquots was at a temperature of 70ºC for leaves
and 105ºC for wood up to net dry mass was obtained (Picard et al., 2012).

Figure 4 – Measuring sample volume by water displacement.

3.3.5 Measuring untrimmed fresh biomass
The untrimmed biomass was measured indirectly as non-destructive. The small untrimmed
branches were processed differently from the large branches and the trunk. Basal diameter
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was measured for the small branches only. The biomass of these small untrimmed branches
was estimated from the relationship between their basal diameter and their mass. The
biomass of the trunk and the large branches were estimated from measurements of volumes
(Vi in cm3) and mean wood density (p in g cm-3). The large branches and trunk was divided
virtually into sections that are then materialized by marking the tree. Each trunk and branch
divided was measure their lower and upper diameter. The volume Vi of each section i is
obtained by measuring its diameter and its length. Sections about one meter in length was
used in order to consider diameter variations along the length of the trunk and branches
(Picard et al., 2012).

3.3.5.1 Calculations
The dry biomass of the tree was obtained by the sum of the trim dry biomass and the
untrimmed dry biomass.
Bdry = Btrim dry + Buntrimmed dry…………………………. (equ.1)
Calculating trimmed biomass
The moisture content of the wood was measured from the aliquot fresh biomass (Baliquot fresh
wood)

and aliquot dry biomass (Baliquot dry wood), including bark (equation 2).

aliquot

ᵡwood=

Bdry wood
aliquot

Bfresh wood

……………………………………………....…….. (equ.2)

Likewise, the moisture content of the leaves was calculated from the aliquot fresh biomass
(Baliquot fresh leaf)and aliquot dry biomass (B aliquot dry leaf) of the leaves (equation 3).

aliquot

ᵡleaf=

Bdry leaf
aliquot

Bfresh leaf

……………………………………….…………... (equ.3)
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Trim dry biomass was calculated:
Btrim dry = Btrimmed fresh wood × ᵡwood + Btrim fresh leaf ×ᵡleaf……… (equ.4)
Where Btrimmed fresh leaf is the fresh biomass of the leaves stripped from the trim branches and
Btrim fresh wood is the fresh biomass of the wood in the trim branches.

3.3.5.2 Calculating untrimmed biomass
Two calculations were required calculating the dry biomass of the untrimmed part (i.e. that
still standing): one for the small branches, the other for the large branches and the trunk.
The untrimmed biomasses were the sum of the two results.

Buntrimmed dry = Buntrimmed dry branch + Bdry section………………………. (equ.5)

Each section i of the trunk and the large branches may be considered to be a cylinder of
volume (Smalian’s formula): (Picard et al., 2012).

π

2
Vi = 8 Li (D1i
+ D22i )……………………………………………………… (equ.6)

Where Vi is the volume of the section i, Li its length, and D1i and D2i are the diameters of the
two extremities of section i.
The dry biomass of the large branches and trunk were the product of mean wood density and
total volume of the large branches and trunk.

Bdry section=𝜌̅ × ∑𝑖 𝑉𝑖……….………………………………………………… (equ.7)
30

According to Picard et al., (2012) the sum corresponds to all the sections in the large
branches and the trunk, and where mean wood density was calculated by
𝑎𝑙𝑖𝑞𝑢𝑜𝑡

𝜌̅ =

𝐵𝑑𝑟𝑦 𝑤𝑜𝑜𝑑
𝑎𝑙𝑖𝑞𝑢𝑜𝑡

𝑉𝑓𝑟𝑒𝑠ℎ 𝑤𝑜𝑜𝑑

……………………………………………………………… (equ.8)

The dry biomass of the untrimmed small branches was calculated using a model between dry
biomass and basal diameter. This model is established following the same procedure as for
the development of an allometric model (Picard et al., 2012).
Linear type equations were used:

𝐵𝑑𝑟𝑦 𝑏𝑟𝑎𝑛𝑐ℎ = 𝑎 + 𝑏𝐷…………………………………………………… (equ.9)

Where a and b are model parameters and D is branch basal diameter. Using a model of this
type, the dry biomass of the untrimmed branches was:
The dry biomass of the untrimmed small branches was calculated using a model between dry
biomass and basal diameter.

𝐵𝑢𝑛𝑡𝑟𝑖𝑚𝑚𝑒𝑑 𝑑𝑟𝑦 𝑏𝑟𝑎𝑛𝑐ℎ = ∑𝑗( 𝑎 + 𝑏𝐷𝑗)……………………………….... (equ.10)

Where the sum is all the untrimmed small branches, a and b are model parameters and 𝐷𝑗 is
the basal diameter of the branch j.
Below ground biomass estimation was much more difficult and time consuming than
estimating aboveground biomass (Geideret al.,2001).
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According to MacDicken (1997),

standard method for estimation of below ground biomass can be obtained as 20% of above
ground tree biomass.
BGB = AGB × 0.2……………………………………………………….. (equ.11)
Where, BGB was below ground biomass, AGB was above ground biomass, 0.2 is conversion
factor (or 20% of AGB).

3.4 Data Analysis
All field and laboratory data was organized and recorded on the excel data sheet. The data
measured both in the field and laboratory as well as calculated by the above equations was
used to estimate the above ground mass of each individual tree species. The height and DBH
was measured in the field as independent variables were also placed in the row with above
ground biomass and density. After these data were organized on excel, it was analyzed using
Statistical Package R software (version R 3.1) to develop allometric equations.
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4. RESULTS AND DISCUSTION
4.1. Results
4.1.1. Species Biomass
Biomass of the three species was calculated and its maximum, minimum, mean and standard
deviation of each species is given below. Above ground biomass (AGB) is the sole result of
the biomass calculation and below ground biomass (BGB) is calculated from AGB by the
multiplying AGB with 0.2 as BGB is 20% of AGB or ratio of 1:5. Biomass production can
vary substantially with individual species even when cultivated on the same site. The
biomass of the species under study also differ significantly as the independent factors DBH,
height and density also affected by various ecological factors (Table 1).
Table 1: The mean, standard deviation, maximum and minimum value of the three species
Variables
AGB (Kg)
BGB (Kg)
TB (Kg)
DBH (cm)
Height (m)
Density (g/cm3)
N
AGB (Kg)
BGB (Kg)
TB (Kg)
DBH (cm)
Height (m)
Density (g/cm3)
N
AGB (Kg)
BGB (Kg)
TB (Kg)
DBH (cm)
Height (m)
Density (g/cm3)
N

Maytenusobscura
Mean
SD
98.53
104.58
19.71
1.57
118.24
1.57
15.08
5.53
5.5
1.57
0.53
0.15
12
12
Rosa abyssinica
36.28
41.29
7.27
0.09
43.54
0.09
10.33
6.67
8.17
3.89
0.49
0.09
12
12
Eucalyptus globulus
855.43
1254.80
171.09
6.32
1026.52
6.32
36
0.07
17.58
27.22
0.64
6.32
12
12
33

Min
14.26
2.85
17.11
8
5.5
0.34
12

Max
399.39
79.87
479.27
26
11.5
0.85
12

4.44
0.88
5.32
5
4
0.25
12

138.86
26.77
160.64
25
46
0.58
12

26.36
5.27
31.63
8
8
0.56
12

4360.81
872.16
5232.97
105
30
0.74
12

The DBH of the three species is divided in to six classes in order to sample all tree size.
However, two species namely Maytenus obscura and Rosa abyssinica did not have
representative in higher DBH classes due to the nature of the species (Table 2). The mean
DBH for Maytenus obscura, Rosa abyssinica and Eucalyptus globulus is 15.08, 10.33 and 36
cm respectively. Majority of the biomass of Maytenus obscura and Rosa abyssinica is
contributed by lower DBH classes as much of the trees had lower DBH but in Eucalyptus
globules the higher DBH classes contributed the majority of the total aboveground and
belowground biomass. In most tress above ground biomass of tress is increasing with
increasing DBH.
Table 2: DBH class of Eucalyptus globulus, Maytenus obscura and Rosa
abyssinica
Species

DBH Class (cm)
1-10

7,8
9,10

10.1-20
11
17
11,16
16,19

20.1-30
22
28
22,28
26

5,6,6

16

21
25

Eucalyptus globulus

7
9

Maytenus obscura

Rosa abyssinica

6,7
6,7

30.1-40
31
32
31

40.1-50
41
48

>50
61
105

9,10

4.2Allometric Equations
Two indigenous and one exotic tree species were selected for this particular study namely,
Maytenus obscura, Rosa abyssinica and Eucalyptus globulus.The result is based on a total of
48 trees that were measured withtwelve individuals for each species from Egdu forest
representing almost all tree size class of each species in the study area, by classifying them
into DBH classes in the preliminary step. After measuring the whole biomass components of
the tree, we developed allometric models for each species by using regression analyses. The
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purpose of a regression analysis is to develop a model that can be used to predict response
variable within specific species and similar ecological sites. The allometric model in a linear
regression considered the DBH, density and height as an independent variables and AGB as
dependent variable. Seven candidate equations were done for each species using independent
variables individually and their combinations and logarithmic transformations as predictor
variables. Four models are selected for each species based on the goodness of fit statistics.

Table 3: Dendrometric variables with correlation coefficients for Mytenus obscura

Allometric Equations

Intercept

Coefficients

Α

β1

β2

β3

AGB with DBH

-1.365

2.103

-

-

AGB with DBH+H

-2.702

1.791

2.0649

-

AGB with DBH+D

-0.4089

2.0649

1.2738

-

AGB with DBH+H+D

-1.2453

1.8876

0.6096

1.1864
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Table-4: Dendrometric variables with goodness-of-fit statistics for Mytenus obscura
Allometric

2

Correlation%

AIC

RSE

p value

Model

0.7816

87.54

17.7157

0.4329

<0.000

4

with 0.8019

87.70

17.28

0.4112

<0.000

3

with 0.9296

87.62

4.866

0.2452

<0.000

2

with 0.9396

87.76

4.1999

0.2326

<0.000

1

R adj

Equations
AGB with DBH
AGB
DBH+H
AGB
DBH+D
AGB
DBH+H+D

Based the above tables the following four equations were selected from seven equations
developed by comparing the goodness-of-fit statistics, which states those models with the
higher coefficient of determination (R2adj) and correlation and smaller residual standard
error (RSE) and AIC are considered to be the best models.
Mytenus obscura
Model 1 AGB best =0.255* (DBH)2.103 when DBH considered as independent variable
Model 2 AGB best =0.067* (DBH)1.791 *(H)1.056 when DBH and height considered as
independent variables.
Model 3 AGB best =0.664 *(DBH)2.0649 *(D)1.12788when DBH and density considered as
independent variables.
Model 4 AGB best =0.288* (DBH)1.8876 (H)0.6096 *(D)1.1864 when DBH, height and density
considered as independent variables.
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Table-5: Dendrometric variables with correlation coefficients for Rosa abyssinica

Allometric Equations

Intercept

Coefficients

Α

β1

β2

β3

AGB with DBH

-0.9928

2.0251

-

-

AGB with DBH+H

-0.8774

1.5517

0.2814

-

AGB with DBH+D

-0.0112

1.7020

0.8731

-

AGB with DBH+H+D

0.1944

1.8817

0.2603

0.9776

Table-6: Dendrometric variables with goodness-of-fit statistics for Rosa abyssinica

Allometric Equations

2

R adj

Correlation

AIC

RSE

p value

Model

%
AGB with DBH

0.8285

87.54

17.511

0.4282

<0.000

3

AGB with DBH+H

0.8128

87.70

19.299

0.4474

<0.000

4

AGB with DBH+D

0.8537

87.62

16.333

0.3954

<0.000

1

AGB with DBH+H+D

0.83

87.76

18.149

0.4162

<0.000

2

For Rosa abyssinica
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Model 1 AGB best =0.371* (DBH)2.0251 when DBH considered as independent variable
Model 2 AGB best =0.416 *(DBH)1.5517* (H)0.2814 when DBH and height considered as
independent variables.
Model 3 AGB best =0.989 *(DBH)

1.7020

*(D)0.8731 when DBH and density considered as

independent variables.
Model 4 AGB best =1.215* (DBH)1.8817 *(H)-0.2603 * (D)0.9726 when DBH, height and density
considered as independent variables.

Table- 7: Dendrometric variables with correlation coefficients for Eucalyptus globulus

Allometric Equations

Intercept

Coefficients

Α

β1

β2

β3

AGB with DBH

-1.220

2.088

-

-

AGB with DBH+H

-0.7363

2.2578

-0.3747

-

AGB with DBH+D

-1.0765

2.0726

0.2042

-

AGB with DBH+H+D

-0.2716

2.2509

-0.4479

0.5266

Table-8: Dendrometric variables with goodness-of-fit statistics for Eucalyptus globulus
Allometric Equations

2

AGB with DBH

0.9781

Correlation
%
87.54

AGB with DBH+H

0.978

87.70

4.21548 0.2386

<0.000

1

AGB with DBH+D

0.975

87.62

5.38058 0.2505

<0.000

4

AGB with DBH+H+D

0.9762

87.76

5.7658

<0.000

3

R adj
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AIC

RSE

p value

Model

3.4473

0.2383

<0.000

2

0.2484

For Eucalyptus globulus
Model 1 AGB best =0.295* (DBH)2.088
Model 2 AGB best =0.479* (DBH)2.2578 *(H)-0.374
Model 3 AGB best =0.341* (DBH)2.0726 *(D)0.2042
Model 4 AGB best =0.762* (DBH)2.2509*(H)-0.449 * (D)0.5266
The relation of independent variable DBH with dependent variable AGB showed that they
have linear relationship as AGB increases with increasing DBH for all the three species. The
DBH is more convenient to explain AGB in Eucalyptus globules than Maytenus obscura and
Rosa abyssinica as it has highest coefficient of determination.

Figure 5 Relationship between AGB of Maytenus obscura and predictor variable DBH
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Figure 6 Relationship between AGB of Rosa abyssinica and predictor variable DBH
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Figure 7 Relationship between AGB of Eucalyptus globulus and predictor variable DBH

The best performing models in this study for Eucalyptus globules explained more than
97% of theaboveground biomass with AIC less than 6, RSE less than 0.26 and p value
<0.000 which is statistically significant.

41

4.3 Discussions
We develop highly significant (p<0.000) species specific allometric models which
directly determined on the biomass measurements. The accurate biomass estimations of
trees are very crucial for various reasons from commercial use of wood to global carbon
trade and also from sustainable forest management to climatic change mitigation.
According to Abolaet al. (2005), allometric equations are being strongly different for
different tree species within the same climatic zones. There are differences in specific
wood density (weight per volume) of the species and growth strategies of the species.
Similarly, this study reveals that even trees in the same DBH class of different species
exhibit different AGB values.
Our models had incorporated crucial tree compartments and the allometric equations are
used to predict tree and stand biomass, based on easily measured tree variables such as
DBH and height. DBH as the only explanatory variable provides a satisfactory estimation
of biomass since the total variation explained by the relationship is high and the
associated bias was small. Our results also indicate that, DBH is a strong indicator of
above ground biomass which agrees with the previous reports (Brown et al., 1989; Zianis
and Mencuccini, 2004; Basukiet al., 2009) so DBH alone is a good predictor of biomass
especially, in terms of multiple tradeoffs between accuracy, cost and practicability of the
measurement. And also recommended that the use of model where tree biomass is
determined from DBH only, which had a practical advantage because most of the
inventories include DBH measurements. Moreover, DBH is easy to measure accurately in
the field.
Wood density is also very important as it differs a lot among tree genus and species
(Chaveet al., 2006). In general, there is variability of basic wood density among species,
individual of the same species, among geographical location and with age (Abolaet al.,
2005; Nygard and Elfying, 2000). This study shows that wood density was affected by
tree size. Smaller trees had a density of low mean value while a high mean was observed
in larger trees.
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4.3.1 Allometric Equation Comparison
General allometric equations that ignored species specific could not provide reasonable
estimates of the most biomass components. It also mostly indicated that over estimation
in biomass by general allometric equations. However, more precise estimation of
component biomass requires species-specific equations. This has been noted in many
species under divergent biomes and site conditions (Crow and Schlaegel, 1988; Gower et
al., 1999). Accordingly, species specific allometric equation was developed with a high
significance (p < 0.000) fit linear regression for all above mentioned selected indigenous
species.

The variation in biomass and carbon stock estimates of forests can be due to the
allometric models selected to calculate the biomass and/or carbon stocks. For example,
MehariAlebachewet al. (2014) indicated that the generalized allometric models by Brown
et al. (1989) showed the poorest results with 32-59% average deviation for aboveground
biomass predictions of five tree species in Ethiopia. Similarly, the model by Chaveet al.
(2005) was indicated to be unsuitable for three species in Ethiopia including Allophylus
abyssinicus, Oliniar ochetiana and Rhusglutinosa(MehariAlebachewet al., 2014). Hence,
it is generally agreed that site and species-specific allometric models are ideal to estimate
both biomass and carbon stocks of forests as indicated by Kim et al. (2011) site-specific
allomeric equations are more accurate in predicting the forest biomass estimates on the
local level as it takes the site effects into account.
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Allometric equation comparison for Maytenus obscura AGB
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Figure.8:Allometric equation comparison for Maytenusobscura AGB
In Maytenus obscura the general equation under estimate the above ground biomass
when compared with estimation using species specific equation and measured one.

Allometric Equations Comparison for Rosa abyssinica AGB
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Figure.9: Allometric equation comparisons for Rosa abyssinica AGB
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Allometric Equations Comparison for Eucalyptus globulus AGB
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Figure.10: Allometric equation comparisons for Eucalyptus globulus AGB
The measured one is found based semi-destructive procedural method for equation
development. Specific equation is the one which is developed for Rosa abyssinica and the
general equation is taken from Chaveet al. (2005) for tropical dry evergreen forest.
As it is indicated on the above figures (8, 9, 10) the aboveground biomass (AGB) of the
three species using field data calculation, specific equation and general equation showed
differences. Aboveground biomass using the general equation overestimated for the
higher DBH classes and underestimates for the lowest DBH class. Similar result is
obtained in Hawaii, U.S.A (Litton and Kauffman, 2008).
They somewhat varied in their estimations and the errors are higher in case of applying
general allometric model. Likewise, general allometric model is developed for the variety
of species that may grow in larger geographic area which is not considering the climate,
the altitude and soil type that affect the tree biomass. But the species specific model is
very specific as the name implies for a particular species in a particular geographic area
in a particular situation due to this fact the study developed species specific models which
generate highly accurate biomass estimation.
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Moreover, we need to compare our resulted total biomass with other similar
species specific biomass prediction on similar species. Unfortunately, equation for our
speciesare not available, hence no comparisons were possible. In most allometric science
DBH and height are a predictor in both case above ground biomass was subjected to
natural logarithm to normalize its distribution.

4.3.2 Allometric Equation and Carbon Finance
Developed countries have committed themselves to reduce their greenhouse gas
emissions through international negotiations. Individually they have been set targets to
meet this collective commitment. The European Union and other states put legally
bindingobligations on their biggest industries to reduce their emissions. Firms with
highemissions need to pay aprice for each tons of CO2 which they are emitting called the
“carbon price‟. Attaching a price to carbon emissions and creating markets to trade them
is thought to provide financial incentives to encourage emitters to undertake
emissionreduction efforts. If a company wants to emit more than it is allowed to, it can
buy credits from those who have reduced their emissions below the target level, or from a
project in a developing country which has certified emission reduction credit to sell.
This trading forms the basis of the carbon market.

46

Table 9: Expected carbon price for the 3 tree species (average tree biomass per ton)

Species name

Average biomass of

CO2(ton)

tree

Expected price ($/ton)
$5 to $15

$20

$25

M. obscura

118.24

0.23

1.15

4.6

5.74

R.abyssinica

43.54

0.09

0.45

1.8

2.25

E.globulus

1026.52

2.08

10.35

41.6

51.95
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5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion
Models developed in this study for three important species of Egdu Dry evergreen forest
in central Ethiopia are using DBH, height and density as independent variables to
estimate biomass for above ground. Above ground biomass was fitted with DBH
individually and DBH, H and D in combination. Seven allometric equations were
developed between the dependent variable aboveground biomass of the three species and
their dendrometric independent variables (DBH, height and density). However, only four
equations are accepted based on the statistical significance. These models were developed
representing trees in all DBH classes of the species. The tree and tree component data
described in this thesis would enable us for developing species specific allometric model,
and also for predicting the above ground biomass in Egdu forest and similar forest type
for Maytenus obscura, Rosa abyssinica and Eucalyptus globulus.

The result in this study shows that species specific allometric equation is very crucial for
an accurate estimation of biomass as well as for a quantification of carbon stock in the
living biomass. Once the model is developed, it can be applied to the same species within
similar geographic area. And these allometric models will significantly improve our
capacity to accurately estimate biomass and consequent carbon stocks. Accordingly, it
would create an opportunities for sustainable management of forest and to mitigate
climatic change through increasing the household income when carbon finance become
applicable.
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5.2 Recommendations
Developments of allometric models or equations are fundamental to biomass estimation
and all carbon stock auditing procedures. On the basis of results of the study, the
following recommendations are forwarded.
✓ Formulating allometric equations for all the tree species that are found in Egdu
forest to make better biomass and carbon assessment of the forest through species
specific methods.
✓ Awareness creation for the community in order to conserve the forest for climate
mitigation and other natural resources like water and soil conservation as forest
conservation is their key for sustainable development.
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Appendix
Appendix 1 AGB, BGB, DBH, Height and Density of 12 individuals of Eucalyptus
globulus (DBH = diameter at breast height, AGB = above ground biomass, BGB = below
ground biomass, TB = Total biomass which is the sum of AGB and BGB).
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Appendix 2 AGB, BGB, DBH, Height and Density of 12 individuals of Maytenus
obscura
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Appendix 3 AGB, BGB, DBH, Height and Density of 12 individuals of Rosa abyssinica.
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