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Abstract 

Species-specific allometric models developed from easily measurable dendrometrical 

characteristics of a plant enable to accurately estimate the aboveground biomass of a plant, and 

thus, carbon stocks in forests. However, the number of registered species-specific allometric 

equations for Ethiopia as of 2014 is only 64 despite the high species diversity of Ethiopian 

forests. This study was conducted in Egdu Forest; a dry evergreen afromontane forest in central 

highlands of Ethiopia with the aim of developing species-specific allometry equations for Acacia 

abyssinica, Erica arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon 

oxyacanthum. In the study the general guide line of FAO (Picard N. et. al., 2012) to develop 

species-specific allometric equation for biomass estimation by semi-destructive sampling method 

was followed. The trimmed biomass, untrimmed dry branches and dry section biomass of each 

individual plant was calculated and the AGB of each individual plant was estimated by summing 

up the three compartment biomasses of the plant. Accordingly, the average AGB of Acacia 

abyssinica, Erica arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon 

oxyacanthum was found to be 1,319, 136, 98, 66, 55 and 46 respectively. Using the estimated 

AGB value; the aboveground carbon stock for the trees/shrubs was obtained by taking 50% of 

their respective AGB, the BGB was determined by taking 20% of the AGB and the total biomass 

was obtained by adding the respective AGB and BGB of the plant. The new species-specific 

allometric models developed by performing linear regression analysis using R software 

considering DBH as a sole predictor of dry section, AGB and total biomass. All the models best 

fit at P> 0.000 and are the best performing models. These models can be used for reliable 

estimates of biomass for the study species within their validity range and would be highly 

supportive for proper management and sustainable use of forests where the species are of high 

importance value like Egdu. 

Keywords: Aboveground biomass, semi-destructive method, species-specific allometric model 
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CHAPTER ONE 

1. Introduction  
 

The cycling of carbon in forest ecosystems is a topic of considerable importance with rising 

atmospheric CO2 concentrations, global climate change, and the poorly defined role that 

terrestrial ecosystems play in mitigating or exacerbating these phenomena. In addition, 

increasing value is being placed on ecosystem services in forests and carbon cycling is among 

the most important of these services. Moreover, under the United Nations Framework 

Convention on Climate Change (UNFCCC), countries have to report regularly the state of their 

forest resources and emerging mechanisms, such as Reducing Emissions from Deforestation and 

Forest Degradation (REDD) in Developing Countries, and they are likely to require temporally 

and spatially fine-gained assessments of carbon stock (UNFCCC, 2008). Therefore, estimating 

the carbon stocked in forests is important to assess the mitigation effect of forests on global 

climate change and to predict the potential impact of mechanisms to reduce carbon emission. 

Initially, this demands an estimate of the biomass of trees (IPCC, 2007) as carbon stock is 

typically derived from biomass by assuming that 50% of the biomass is made up by carbon. The 

earliest study of biomass estimation in forests occurred in 1873 (Kunze, 1873), but its frequency 

of evaluation has increased recently due to its importance for evaluating energy usage, 

productivity, and ecosystem services.  

The methods for the estimation of forest biomass are determined by the investigated scale. Large 

scale assessment of biomass variation is modeled, e.g. using a normalized difference vegetation 

index based on data obtained from satellites, remote sensing, aerial photographs (Cai et al., 

2013), or environmental data altitude, longitude, and latitude (Zhu et al., 2010) done with 

regression models, where allometric equations are fitted to specific plant sample traits (Djomo et 

al., 2010). These are equations that predict the biomass of a tree from dendrometrical 

characteristics such as diameter or height that are easier to measure. Although many techniques 

exist to estimate carbon stocks in forests at different scales (Gibbs et al., 2007), all techniques 

ultimately rely on ground measurement of tree biomass- Aboveground biomass—the amount of 

organic matter in living and dead plant material—is a critical component of the carbon cycle in 

forest ecosystems, providing both short- and long-term carbon sequestration. Measuring the 
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biomass of a tree is destructive, tedious and time consuming thus, the development of biomass 

equation is necessary.  

Accurate estimation of forest biomass at fine scale is obtained through the method of allometric 

regressions. A variety of allometric equations have been developed to meet the applications in 

different forest types and geographies, in which early allometric equations employed diameter at 

breast height (DBH) as the sole parameter (Gower et al., 1995). Later on, tree height was 

incorporated as the second variable to improve the precision of biomass estimates (Ketterings et 

al., 2001). The most accurate method for the estimation of biomass is through cutting of trees 

and weighing of their parts. This “destructive” method is often used to validate others, less 

invasive and costly methods, such as the estimation of carbon stock using non-destructive in-situ 

measurements and remote sensing (Wang et al., 2003). Allometric equations developed on the 

basis of sparse measurements from destructive sampling are related to more easily collected 

biophysical properties of trees, such as diameter at breast height (DBH) and total height of the 

tree. Species-specific biomass equations have been developed for temperate forests (Zianis et al., 

2005). In highly diverse ecosystems such as tropical rainforests, either species-specific, local 

equations with good precision but narrow range of application (Basuki et al., 2009) or general 

multispecies equations (Chave et al., 2005) have been developed. Zianis and Mencuccin (2004) 

reported 279 allometric equations from all of the continents except for Africa. In sub-Saharan 

Africa very few allometric equations exist as a result generalized allometric equations, often 

established for forests in other continents, are used by default (Henry et al., 2010). 
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1.1 Statement of the Problem 
 

Ethiopia aims to achieve middle-income status by 2025 while developing a green economy. In 

developing countries like Ethiopia there is no doubt that one has to utilize natural, social and 

cultural resources to alleviate poverty. However, achieving the targeted growth with low carbon 

emission can only be realistic with proper management and sustainable use of the natural 

resources. In proper management of natural resources scientific facts should be taken into 

consideration instead of business as usual approach. Of the many scientific tools that can be used 

in the proper management of natural resources biomass estimation is one.  
 

Biomass estimation is crucial for estimating and understanding the contribution made by 

terrestrial ecosystems to the carbon cycle and climate change mitigation. Application of model 

based biomass estimation will help to ensure sustainable management and use of forest 

resources. Tropical forests being the major components of the terrestrial carbon cycle, 

accounting for 26 percent of global carbon storage in biomass and soils (Grace, 2004), accurate 

estimates of carbon sequestration in tropical forests are lacking for many areas, due in large part 

to a paucity of appropriate allometric models for predicting biomass in species-rich tropical 

ecosystems (Chave et al., 2005). Due to the high species diversity in tropical forests, much 

attention has been placed on developing generalized allometric models for tropical trees (Pilli et 

al., 2006). However, the use of generalized equations can lead to a bias in estimating biomass for 

a particular species (Clark et al., 2001, Cairns et al., 2003, Chave et al., 2004, Litton et al., 2006 

and Pilli et al., 2006), although recent approaches incorporating data on wood density hold more 

promise (Chave et al., 2005). 
 

The lack of enough allometric equations for tropical forests is also evident or indicated in the 

Good Practice Guidance for Land Use and Land Use Change and Forestry (IPCC, 2003). In this 

document, there are only two allometric equations for tropical forests, while in fact there are 

many differences in the characteristics of tropical forests. The accuracy or uncertainty of models 

is an important aspect that is mentioned in the GPG and the different instruments of the Kyoto 

Protocol. Being part of the tropical forest there is no study conducted to develop species-specific 

allometric equations for the six selected tree/shrub species either for the specific study area, 

Egdu, or any other forest of the country. At the same time to reduce uncertainty, accurate carbon 

accounting methods are required. Therefore, the developments of new, species-specific 
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allometric equations are necessary to achieve higher levels of accuracy. However, according to 

the GlobAllomeTree, a web-based platform designed to improve global access to tree allometric 

equations in 2014; there were only 64 registered species-specific allometric equations for 

Ethiopia. Though this is the case, no studies have been made in developing allometirc equations 

for the six selected tree/shrub species either for Egdu or any other forests of the country. This 

paper presents new accessible allometric equations to achieve a better estimation of aboveground 

biomass (AGB) and therefore, carbon stock for the study species. 

1.2 General objective of the study 

1.2.1 General objective 
 

The overriding objective of study is to develop allometry equation for Acacia abyssinica, Erica 

arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum sampled 

from Egdu Forest. 

1.2.2 Specific objective   

More specifically, the study aspired to: 

 Estimate aboveground biomass  

 Determine aboveground carbon sequestration potential  

 Estimate belowground biomass and total biomass of the study species 

 

 

 

 

 

 

 

 

 

 

 

http://www.fao.org/forestry/databases/allometric-equation/en/
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1.3 Significance of the study 
 

Forest ecosystems are capable of storing large quantities of carbon as biomass, and they play a 

major role in the global carbon cycle by having large stores of carbon in their biomass. 

Assessment of carbon stocks and stock changes in tree biomass are relevant to deal with the 

United Nation Framework Convention on Climate Change (UNFCCC) and Kyoto Protocol 

report (Green et al., 2007). Developing species-specific allometric equations for selected species 

and applying the scientific fact to estimate their potential and implication on carbon stocks and 

carbon sequestration is very important and can help to obtain financial rewards for the 

sequestered carbon or for the CO2 emission reductions through appropriate management of 

terrestrial biomass (Henry et al., 2011).  
 

In Ethiopia, carbon related rehabilitation, restoration and afforestation projects are also 

emerging. The Humbo Natural Regeneration Project is one of such projects which worked on 

rehabilitation of degraded areas. However, for many parts of East African forests either species-

specific or generalized allometric biomass equations which could be used to asses biomass, 

carbon stock and changes in these stocks are very scarce (Henry et al., 2011). So that this 

research provides species-specific models to estimate the ABG and carbon stock of the study 

species which will serve as a scientific input for informed decision making on the forest 

management policy aspect in particular for forests dominated by the study species like Egdu.   
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CHAPTER TWO 

2. Review of Related Literature 

2.1 Biomass for Carbon sequestration  
 

Currently, global warming is more certain and alarming than ever. Most of the observed increase 

in global average temperatures is due to the observed steady increase of carbon dioxide (CO2) in 

the atmosphere. Before human-caused CO2 emissions began, the natural processes that make up 

the global carbon cycle maintained a near balance between the uptake of CO2 and its release 

back to the atmosphere. Human activities, especially the burning of fossil fuels, have caused an 

increase in the concentration of carbon dioxide (CO2) in the atmosphere, which is a large 

contributor to climate change. The Intergovernmental Panel on Climate Change Fourth 

Assessment Report in 2007 estimated that about 100 billion metric tons of carbon over the next 

50 years could be sequestered through forest management, which would offset 10-20% of the 

world’s projected fossil fuel emissions. These models indicate that annual global emissions 

during the next century need to be reduced by more than 75% in order to stabilize atmospheric 

CO2 at about 550 parts per million (Sundquist et al., 2008). However, existing CO2 uptake 

mechanisms (sometimes called CO2 or carbon “sinks”) are insufficient to offset the accelerating 

pace of emissions related to human activities.  

 
Controlling atmospheric CO2 and maintain the balance requires deliberate mitigation with an 

approach that combines reducing emissions and increasing storage. According to the IPCC 

Fourth Assessment Report of 2007, sequestration and reduction of emissions over the next two to 

three decades will potentially have a substantial impact on long-term opportunities to stabilize 

levels of atmospheric CO2 and mitigate impacts of climate change. Carbon sequestration as a 

means of minimizing atmospheric carbon stores is the natural and deliberate processes through 

which CO2 is either removed from the atmosphere or diverted from emission sources and stored 

in the ocean, terrestrial environments (vegetation, soils, and sediments), and geologic formations 

(Sundquist et al., 2008). Geologic and oceanic sequestrations are also effective in CO2 storage. 

However, CO2 emissions from the combustion of fossil fuels are currently greater than the 

uptake of atmospheric CO2 into terrestrial and marine sinks; thus, greenhouse gases continue to 

accumulate in the atmosphere; therefore, carbon sequestration must become a vital part of a 
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comprehensive strategy to offset anthropogenic CO2 emissions and minimize future climate 

change (Adams and Post, 1999). 

 
Terrestrial carbon sequestration (sometimes termed “biological sequestration”) is the process 

through which CO2 is absorbed from the atmosphere through photosynthesis and stored in 

biomass and soils (Sundquist et al., 2008). Forests and soils have a large influence on 

atmospheric levels of CO2. As more photosynthesis occurs, more CO2 is converted into biomass, 

thus the term biomass sequestration, reducing carbon in the atmosphere and  sequestering it in 

plant tissue above and below ground (Gorte, 2009; IPCC, 2003) resulting in growth of different 

parts (Chavan and Rasal, 2010).  

2.2 Allometric models 
 

Allometry generally relates on easily measured independent variables like DBH to other 

components like biomass and provides relatively accurate estimation (Feng et al., 2012). 

Allometry is widely used equation for studying variation in size and shape, especially as an 

organism grows, statistical shape analysis and scaling laws relating to organisms. From the time 

around 1917 scientists try to study snails’ brain size and body size. Contemporary science uses it 

to determine how long the wing of a plane will have to in a certain bigger flying object or body. 

Likewise it is mostly used in forest science especially for determining forest carbon stock (Vishal 

et al., 2011). Providing accurate measurements of forest carbon is difficult without precise 

measurements of biomass. The use of allometric equation is crucial step in estimating above and 

below ground biomass (David, 1997). Estimation of biomass is largely results of a common 

equation applied over large area (Flombaum and Sala, 2006 and Shem et al., 2012). In these 

sense one allometric equation developed from either single species or mixed species, it can be 

applied for the entire forest biomass estimation. Vishal et al., (2011) developed allometric 

equation by obtaining the mean DBH of each tree species to calculate the biomass accumulation 

in different tree components. 

The form of allometric equation vary widely/differ from one another in terms of model selection 

but the most common used is linear regression equation Y=a+bX, where Y is the biomass and X 

is the DBH (Dudly, 1992). And also generalized linear model with gamma distribution and log 

link function was used to avoid the problem of back transformation (Kettering et al., 2001). 
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Allometric power function equations Y= aXb, and their linear equivalents, ln(Y) =a+b* ln(X), 

where Y is the dependent variable and X is the independent variable and a is the intercept 

coefficient b is the scaling exponent where used to predict 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 that 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 were used. Standard 

regression method was applies because it remains valid when the only aim was to detect inter 

specific variation (Jesu’s et al., 2004).  

 

Generally, there are many commonly used functions like polynomials and power models of the 

common form of B=aDb or f (v) =avb and their combinations. For all tree species and all forest 

types the model used was a double log model. Several authors have shown that the inclusion of 

height in the power function generally gives only a slight improvement (Quirine et al., 2000). 

Therefore the equation developed is useful tool for assessing the potential carbon sequestration 

in forests. And they represent key information for scaling biomass estimation for entire 

landscape. Allometric equation also has a fundamental importance for non-destructive estimation 

of biomass in woody vegetation (Shem et al., 2012).     
 

 

2.3 Species-Specific Allometric Equations 
 

Allometric equations have been developed to measure carbon that found in a particular forest. 

Biomasses of many forests were estimated through general allometric equation. General 

allometric equation or mixed species allometric equations are equations which developed using 

many species as one component. This means, estimation of biomass of a particular forest by 

measuring of trees compartment like trunk, branch, leave etc. Using these compartments 

estimation of biomass needs to measure density of a particular species and general allometric 

equation assumes that one species’ individual have similar density (Singh et al., 2011). 

For accounting of carbon from forests general allometric equation have been frequently used. 

This is because of the presence of many species and large number of individuals found in one 

forest which is difficult to deal with all species and individuals and also seeks massive 

destruction on the forest. In order to resolve this problem scientists formulate allometric equation 
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or model which has a capacity to minimize cost and time. However, according to Litton and 

Boone (2008), rather, general allometric equation species and site specific models or equations 

are more accurate for estimation of biomass. 

The accuracy of models is an important aspect that mentioned in the different instrument of 

Kyoto protocol. To reduce uncertainty accurate carbon accounting method are required. The 

development of new, species-specific allometric equations is necessary to achieve higher level of 

accuracy (Basuki et al., 2009). Moreover, the use of general allometric equation can lead to bias 

in estimating of biomass for a particular species due to wood density variation among species 

and within species and also it excludes architectural differences (Kuyah et al., 2012). Therefore, 

using species-specific allometric equation is more preferable than general once in terms of 

accuracy and it is easy for forests which have low variety of species. The reason behind this 

accuracy is because architecture and density have great variation among species and within the 

same species. As a result allometric equation development through single species based 

components have significant accuracy to estimate the biomass of a particular tree (Ketterings et 

al., 2001 and Henry et al., 2011). Even though, species based allometric equation has such kind 

of importance but some authors like Brown recommend to use general allometric equation for 

stratified broad forests and it is highly effective in tropical forests (Brown, 2002). 

2.4 Destructive, semi-destructive and non- destructive samplings 

2.4.1 Destructive sampling 
 

To develop allometric equation from individual species, different sampling can be applied; and 

destructive, semi-destructive and non-destructive are the major ones. Destructive sampling 

entails harvesting trees (or shrubs, herbs, etc.), drying them, and then weighing the biomass. 

Biomass measurements can be undertaken on a single-tree basis or on plot area basis. In the first 

case the biomass of each individual is measured, whereas in the second case the total biomass of 

a specific area or sample plot is measured. While this is the most direct and accurate method for 

quantifying biomass within a small unit area, it can be time and resources consuming and 

infeasible at large scale. This method may also not yield representative area estimates when the 

results have to be spatially extrapolated. As a result, it is often used for specific research 

purposes and for developing biomass equations to be applied for estimating biomass on large 
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scale. Additional data can be derived from the analysis of timber and fuel wood exploitation 

(Herold et al., 2009). 

2.4.2 Semi-destructive sampling 
 

The aboveground biomass of specific tree  can be measure semi- destructively. In this method 

the trunk and the large branches are not trimmed but only the small branches are affected or 

trimmed. The measurement of fresh biomass (in kg) is divided into two parts: measuring 

trimmed fresh biomass and measuring untrimmed fresh biomass. For measuring trimmed fresh 

biomass, the branches can be trimmed in compliance with local practices (using an axe). The 

diameter at the base of each branch determined using measuring tape.  The leaves separated from 

the trimmed branch and weight separately. The branch also weighted unbarked immediately at 

field to minimize the error on the output result then the fresh volume of the wood aliquot 

measured later in the lab, and the value used to determine mean wood density. The aboveground 

biomass then can be calculated by developing an allometry model for the trimmed ranches and 

applying the model considering the density of the tree is the same in all compartments of the tree 

(FAO, 2012).  

2.4.3 Non-destructive sampling 
 

Non-destructive methods are attempts to estimate the tree biomass by measuring variables that 

are more acceptable and less time consuming to assess, and for threatened or protected species, 

non-destructive means of sampling  is more preferable than destructive sampling  (Aboal et al., 

2005). Non-destructive method also enables to study the evolution of individual trees biomass 

and its components by taking two photographs at several years’ intervals. Without disturbing the 

environment, it can be employed to obtain accurate biomass data in endangered ecosystem due to 

intense anthropogenic degradation as well as protected species (Ketterings et al., 2001). 

2.5 Carbon capture and carbon sequestration 
 

Carbon capture and sequestration (or storage) known as CCS is a physical process that involves 

capturing manmade carbon dioxide at its source and storing it before its release to the 

atmosphere. CCS could reduce the amount of CO2 emitted to the atmosphere while allowing the 

continued use of fossil fuels at power plants and other large, industrial facilities. An integrated 

CCS system would include three main steps: (1) capturing CO2 at its source and separating it 
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from other gases; (2) purifying, compressing, and transporting the captured CO2 to the 

sequestration site; and (3) injecting the CO2 into subsurface geological reservoirs. Following its 

injection into a subsurface reservoir, the CO2 would need to be monitored for leakage and to 

verify that it remains in the target geological reservoir. Once injection operations cease, a 

responsible party would need to take title to the injected CO2 and ensure that it stays 

underground in perpetuity (USEPA, 2012). 

It may be possible to increase the rate at which ecosystems remove CO2 from the atmosphere and 

store the carbon in plant material, decomposing detritus, and organic soil. In essence, forests and 

other highly productive ecosystems can become biological scrubbers by removing sequestering 

CO2 from the atmosphere. Much of the current interest in carbon sequestration has been 

prompted by suggestions that sufficient lands are available to use sequestration for mitigating 

significant shares of annual CO2 emissions, and related claims that this approach provides a 

relatively inexpensive means of addressing climate change (Robert et al., 2005). 

2.6 Carbon Market and practices of Ethiopia (Humbo CDM project case) 
 

The United Nations Framework Convention on Climate Change (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) but only in the form 

of “afforestation” and “reforestation”. The global area of plantations was 1.39×108 ha in 2005, 

with predictions for approximately 2% expansion annually (Van Dijk and Keenan, 2007). 

Carbon sequestration through planted forests serves as a sizeable sink for atmospheric CO2 both 

in temperate and tropical areas (Houghton et al., 2000 and Fang et al., 2001). Sequestration of 

carbon has received considerable attention in recent past as a result of its commoditization. 

Plantation programs can be used to create carbon credits which can generate significant income 

for developing countries (Niles et al., 2002). 

Humbo Ethiopia Assisted Natural Regeneration Project (2712) is one of a type and was started 

on August 01, 2006. However, active management of the forest started on July 15, 2007.The 

technology employed in this project is Farmer Managed Natural Regeneration (FMNR), and 

planting of seedlings raised from nursery stock. The FMNR technique has been developed in 
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Niger Republic, West Africa over 20 years where it is now practiced on over 2 million hectares. 

The technique has also spread to Chad, Burkina Faso and Senegal.  

The afforestation and reforestation activity of the Humbo Assisted Regeneration Project, 

involves the restoration of indigenous tree species in a mountainous region of South Western 

Ethiopia. The project zone covers approximately 2,728 hectares of land. The project contributes 

to climate change mitigation objectives by creating Greenhouse gas (GHG) sinks through 

assisted natural regeneration of degraded lands. Furthermore, the project compliments the natural 

resource management goals of the then Ethiopian Agricultural Rural Development and Forestry 

Coordination Office (ARDFCO), and social development goals of the Ethiopian government, 

and World Vision Ethiopia, the humanitarian non-governmental organization implementing the 

project (UNFCCC, 2010). 

The other major activities implemented in the project scenario are capacity building activities to 

enable farmers manage the project over the crediting period in a sustainable manner. The 

practice includes training on forest management, nursery management; soil and water 

conservation, farmer managed natural regeneration technique (pruning, thinning, coppice 

reduction and enrichment plantation), livestock management, project management, leadership, 

conflict resolution, cooperative and union formation, financial management, etc. These practices 

have built the capacity of the community to undertake the role of project management over the 

long term (UNFCCC, 2010). 

2.7 Application of allometric equation for carbon crediting 
 

The United Nations Framework Convention on Climate Change and in particular the Kyoto 

Protocol recognizes the importance of forest carbon sink and the need to monitor, preserve and 

enhance terrestrial carbon stocks. This is mainly due to changes in the forest carbon stock 

influences the atmospheric CO2 concentration. 

Terrestrial biotic carbon stocks and stock changes are difficult to assess (IPCC, 2003) and most 

current estimates are subject to considerable uncertainty (Löwe et al., 2000, Clark et al., 2001 

and Jenkins et al., 2003). Rapid, easily implemented methods are needed for the assessment of 

standing biomass in order to estimate the carbon sequestration by forest ecosystems. The use of 
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allometric equations is crucial in estimating above and belowground biomass (Crow, 1978 and 

Brown et al., 1989).  

An effort is also has made to overcome the effects of climate change, Ethiopia has adopted a new, 

sustainable development model by initiating the Climate-Resilient Green Economy (CRGE) Strategy 

that will help meet the targeted realization of middle-income status before 2025 in a climate-

resilient green economy (FDRE, 2011). In order to achieve these economic development goals in a 

sustainable way, the green growth path adopted by Ethiopia follow a sectorial approach that has 

identified priority areas in its green economy plan based on four pillars: 

 Improving crop and livestock production practices for higher food security and farmer 

income while reducing emissions;  

 Protecting and re-establishing forests for their economic and ecosystem services, 

including as carbon stocks;  

 Expanding electricity generation from renewable sources of energy for domestic and 

regional markets;  

 Leapfrogging to modern and energy-efficient technologies in transport, industrial sectors, 

and buildings  

Allometric equation can be applied as a measurement for the achievement of the second pillar 

which is about protecting and re-establishing of forests for their economic and ecosystem services, 

including as carbon stocks. 

2.8 Gaps in the research 
 

All the allometric equations for sub-Saharan Africa were developed during the period of 1961-

2010; during the period of 1960s all of the equations were devoted to volume prediction only, 

but from 2000-2010 53% of the equations were developed for biomass purposes, whereas in the 

‘80s, biomass literature and equations accounted for 41 and 43%, respectively (Henry et al., 

2011). 

Biomass and volume allometric equations for tree species registered for Ethiopia are one volume 

allometric equation for Eucalyptus globulus and 5, 16, 29, 5, 4 and 4 biomass equations for 

Dichrostachys cinerea, Eucalyptus camadulensis, Eucalyptus globulus, Euclea schimperi, 

Grewia bicolor, Otostegia integrifolia respectively (Henry et al.,2011). This study intended to 
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inspire further likely studies and play its own part on filling the described gap and specifically, 

developing a species-specific allometric equation for the studied six species. 
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CHAPTER THREE 

3. Materials and Methods 

3.1 Description of the study area 

3.1.1 Geographical location 
 

This study was conducted in Oromia National Regional State, Welmera District, on Egdu Forest, 

located at about 30 km West of Addis Ababa and 5km from Menagasha town to the South 

(Figure 1). Egdu Forest is one of the remnant dry Afromontane forests in central Ethiopia. It has 

an altitudinal gradient ranging from 2,580 to 2,910 meters above sea level and covers a total area 

of 486 ha (Adugna, 2013). 

 

Figure 1 Map of the study area (Adugna, 2013) 
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3.1.2 Climate 
 

The average annual rainfall of Egdu forest is 1,028 mm. Nevertheless, there are rains in any 

months of the year from small amount of clouds letting additional moisture for the forest, the 

high amount of rainfall occurs from June to September. The monthly rainfall has a unimodal 

distribution. The mean annual temperature of the surrounding area is about 14.30C, with a 

maximum of 24.50C recorded from January to May and minimum of 1.60C which is recorded 

during December (Adugna, 2013). 

3.2 Study Species 
 

The study species were selected considering their dominance, importance and the priority for 

their conservation. The density of Acacia abyssinica , Erica arborea , Rhus glutinosa, Rhus 

vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum is 26.13, 75.74, 37.71, 1.18, 24.66 and 

69.92 Ind/ha and  their basal area contribution is 1.49, 0.91, 1.71, 0.02, 0.99  and  0.48 BA/ha 

respectively.The importance value index priority class of Erica arborea  and  Rhus vulgaris, 

Acacia abyssinica and  Sideroxylon oxyacanthum and  Rhus glutinosa is  2 , 3 and 4 respectively 

(Abiyou et al., 2015). All the figures show that the study species are dominant species and 

important species to the study forest with an intermediate priority of conservation. 

3.2.1 Acacia abyssinica (Fabaceae) 
 

This tree is large flat‑topped tree that reaches to 20m when mature. It is found in Africa from 

Ethiopia south to Mozambique and Zimbabwe. In Ethiopia it occurs in wooded grassland, 

highland forest edges of Dry, Moist and Wet Weyna Dega and, Wet and Moist Dega agro-

climatic zones of Gonder, Gojam, Wolega, Bale, Arsi, Ilubabor, Kefa, Sidamo, western Tigray 

and Shoa regions, 1,500–2,800 m.  It is used for firewood, charcoal, poles, posts, tool handles, 

fence (cut branches), food (edible gum), medicine, fodder, bee forage, shade (for cattle), nitrogen 

fixation and for soil conservation practices.  It has compound leaves, 15–36 pairs of pinnae when 

mature, on a stalk to 9 cm. It has a bunch of round headed cream flowers with pink-red buds. The 

fruit pods are up to 12 cm, usually straight, red-grey-brown, splitting to set free seed. Though its 

spreading roots make it unsuitable for planting near buildings, they enable it to be drought 

tolerant and to grow on degraded land and along gullies (Azene, 2007). 
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3.2.2 Erica arborea (Ericaceae) 
 

This species is a large species for this family, typical of African highlands. It is a much-branched 

evergreen shrub or narrow tree to 5 m. It grows on dry rocky ground with thin soils in Moist and 

Wet Dega and Wurch agro-climatic zones, 2,500–3,300 m. It can be used for firewood, charcoal, 

fodder (leaves, shoots), bee forage, and as fencing material (dry branches). Leaves grow closely 

around the stems as in most heaths, narrow and pointed, grey-green and tough. The flowers are 

abundant, white-pink, at the ends of short side shoots. Each flower is like a tiny hanging bell, the 

purple stigma outside the white flower. Seeds are very tiny and difficult to harvest. Branches are 

burnt to smoke out new beehives and can make a useful fence around homesteads (Azene, 2007). 

3.2.3 Rhus glutinosa (Anacardiaceae) 
 

This species is named for the new shoots which exude a shiny, sticky liquid (glutinous). It is a 

spreading or upright shrub or tree, can be 3–10 m long. It is found in semi‑arid conditions in 

lowland and highland woodlands of Moist and Wet Weyna Dega and Dega agro-climatic zones 

of Tigray, Gojam, Welo, Shewa, Hararghe and Arsi 1,500—3,300 m. It is used for Firewood, 

farm tools and tool handles. The three leaflets are all long, narrow, wider towards the pointed tip, 

all about the same length, 8–23 cm, midrib clear below, narrowed to a long leaf stalk. It has very 

small flowers, male and female, in dense rounded heads, on hairy branched stalks as long or 

longer than leaves. The fruits are rounded to bean shaped, shiny cream to pale brown and about 5 

mm across (Azene, 2007). 

3.2.4 Rhus vulgaris (Anacardiaceae) 
 

This plant is shrub or small tree that occasionally reaches 6 m. Its location extends from 

Cameroon in West Africa to Ethiopia and south to Mozambique, Malawi, Zambia and 

Zimbabwe. In Ethiopia, it is a very common shrub at forest edges and in woodlands in Dry, 

Moist and Wet Weyna Dega and Dega agro-climatic zone in most regions, 1,500–2,800 m. It is 

used for firewood, farm tools, food (fruit), medicine (fruit decoction). Its leaflets are dull green, 

softly hairy especially below, oval to rounded, usually 5 cm long, the tip either rounded, notched 

or sharp, the upper edges sometimes with large rounded teeth; leaf stalk to 4 cm, leaflets, branch 

lets and underside of leaflets are densely hairy; leaflet sizes very variable. It has small bunches of 

flowers on hairy branched sprays, to 15 cm, yellow green, with bright yellow stamens. It has 

http://en.wikipedia.org/wiki/Ericaceae


18 
 

thin, yellow red, flat and round discs, brownish red when dry, only 3–5 mm across. The fruits are 

edible and taste better when roasted. Shepherds in Ethiopia roast and eat them while out in the 

pastures (Azene, 2007). 

3.2.5 Scolopia theifolia (Flacourtiaceae) 

 

This tree is unarmed tree up to 20 m tall; bark thick, flaky, brown; branch lets and petioles finely 

puberulous. Petiole 2-5 mm long; blade ovate to elliptic or slightly obviate, 2.5-6.5(-8.5) x 1-3(-

4) cm, apex acute to rounded; crenate to serrate, teeth incurved, terminated by red glands; 

reticulation dense, slightly raised. It has flowers in 2-3 (-4)-flowered bundles in leaf-axils (or 

some solitary), sub sessile;  sepals 2 mm long, ovate to circular, ciliate;  petals slightly smaller, 

white; receptacle glabrous; disk glands numerous; stamens 30-40. Ovary glabrous; style 1-2 mm 

long; stigma minute, capitates. Berry oblong-obovoid, 1 cm long, red, on a 1-2 mm long pedicel, 

1-2-seeded. 

3.2.6 Sideroxylon oxyacanthum (Sapotaceae)  
 

This plant is spiny shrub or small tree, often with stunted growth and rounded crown, up to 10 m 

tall. Older branches forming 1-3 cm long lateral shoots with retarded growth, carrying densely 

clustered leaves and axillary flowers; a 1-4 cm long spine normally develops at the base of each 

of these short shoots. Branchlets silky, with a grey indumentum of medi-fixed hairs. Leaves 

alternate, evergreen, on branchlets and short shoots, but never on spines; petiole 0.4-0.7 mm 

long; blade leathery, spathulate to obovate, 1.0-4.5 x 0.8-2.5 cm, apex rounded, more or less 

truncate, sometimes emarginate, base cuneate, margin entire, veins distinctly visible, marginal 

vein formed by arching secondary veins meeting near leaf-margin, glabrous above, silky to 

glabrous below. It has no stipules. Flowers solitary in leaf axils on short shoots; pedicel 5-7 mm 

long; flower-buds 4-6 mm long. Calyx with a very short basal tube, 5-10 bed, lobes as silky as 

the branchlets, broadly ovate, 2.5 x 2 mm, inner ones with hyaline margins. Corolla white, 5-

lobed, with a 2-3 mm long basal tube, lobes imbricate, ovate, 2-3.5 x  2 mm, usually remaining 

erect during anthesis. Stamens 5, 2-3 mm long, reaching the top of the corolla. Staminodes 5, 

triangular, fringed, 2-3.5 x  l mm. Ovary globular, silky as the branchlets, 1-2 mm in diameter, 5-

l0 cular, each locule with one axillary ovule. Style 5-6 mm long, usually exerted. Fruit a black 1-

seeded berry, 7 x 5 mm. Seed ellipsoid, ridged, dark brown,  5 x 3 mm; scar basal, small and 

circular. 
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3.3 Materials 
 

The materials and equipment used in the field and laboratory were Machete, Measuring tape, 

Digital balance, Measuring cylinder, Plastic bag, GPS, Oven, Marker, Card paper and aluminum 

foil. 

3.4 Methodology 

3.4.1 Delineation of Project Boundaries 
 

Delineate of the project boundaries in order to estimate the biomass of a specific species is the 

first and most important step. There are many tools that are available for identifying and 

delineating project boundaries such as aerial photos, global positioning system (GPS), 

topographic maps, land records and others. For this study a GPS point of each individual 

tree/shrub was taken to produce a map showing the study boundary within a very fine detail.  

 3.4.2 Sampling technique 
 

This study used preferential sampling techniques in order to include all the samples needed from 

each targeted species in the study. For better representation and error minimization the targeted 

species were categorized based on three different DBH classes as shown in Table.1; and a total 

of 72 individuals, 12 from each of the targeted six species were sampled and documented. Four 

to three individuals were represented under each DBH class for each species.    

Table 1 DBH classes of the study species  

 

 

 

Species Name DBH (cm) DBH (cm) DBH (cm) 

Acacia abyssinica 15.0 -24.9 25.0 -34.9 35.0 -44.9 

Erica arborea 2.5 -5.0 5.1 -7.9 8.1-10.9 

Rhus vulgaris 1.0 -3.1 3.2 -5.1 5.2-7.0 

Rhus glutinosa 2.5 -5.0 5.1 -7.9 8.1-10.9 

Scolopia theifolia 1.0 -3.1 3.2 -5.1 5.2-7.0 

Sideroxylon oxyacanthum 1.0 -3.1 3.2 -5.1 5.2-7.0 
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3.4.3 Field Measurements 

         

Egdu forest is a protected forest and therefore the semi-destructive sampling method from the 

general guideline of FAO (Picard N. et. al., 2012) was chosen over the destructive sampling and 

the non- destructive samplings. The destructive sampling is often used for specific research 

purposes and for developing biomass equations to be applied for estimating biomass on large 

scale by clear cut of the target area which is not applicable for this study and the non- destructive 

one always employed to obtain biomass data in endangered ecosystems due to intense 

anthropogenic degradation as well as protected species which is not the case in this study. After 

identification of the species in the field a GPS points of each individual plant was taken and then 

basal diameter of trimmed and untrimmed small branches, DBH of truck, diameter of the 

untrimmed large branches and the trunk along one meter were measured using a measuring tape 

.The fresh leaves and wood from the trimmed branches were also weighted by a digital balance. 

 3.4.4 Laboratory measurements 
 

The fresh volume of the wood aliquot was measured in the lab using the volume of water 

displaced when the sample was immersed in water as shown in Figure 2. And the wood aliquot 

was set to a temperature of 1050C for seven days and the leaf aliquot was set to a temperature of 

700C for two days and both aliquots measured again by a digital balance for their oven dry 

weight. 

 
 

Figure 2 Measurement of fresh wood volume 
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3.5 Data Type 
 

Primary and secondary data were used exhaustively in order to collect the relevant data which 

later digested to achieve the objectives of the study. The primary data was obtained from the 

field and laboratory measurements and secondary data sources including published and 

unpublished materials, books, journals, articles, reports, and electronic web sites were used.  

3.6 Data analysis 
 

The data from field and laboratory measurements were recorded and organized on an excel work 

sheet and finally analyzed using Statistical Package R software (version R 3.0.0.) for the 

development of allometric equation of the six studied species, which was the target output in this 

study. All the methods for the data analysis were adopted from general guide line of FAO 

(Picard N.et. al., 2012). 

3.7 Estimation of Aboveground biomass 
 

 

The dry biomass (aboveground biomass) of the tree was obtained by the sum of the trimmed dry 

biomass and the untrimmed dry biomass: 

Bdry = Btrimmed dry + Buntrimmed dry…………….……………………….. (equ.1) 
 

3.7.1 Calculating trimmed biomass 
 

From the fresh biomass  of a wood aliquot and its dry biomass , the 

moisture content of the wood was calculated as: 

 = ……………………………………………………………… (equ.2) 

 

Where  is moisture content of the wood, and where is the oven-dried wood 

biomass of the aliquot in the sample of i and where  is the fresh wood biomass of the 

branch aliquot in the sample of i. 

 

Likewise, the moisture content of the leaves was calculated from the fresh biomass  of 

the leaf aliquot and its dry biomass as follow: 
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Xleaf i  = …………………………………………………………………… (equ.3) 

 

Trimmed biomass determines as: 
 

Btrimmed dry=  × xwood +  × xleaf…………….. (equ.4) 
 

Where,  is the fresh biomass of the leaves stripped from the trimmed branches 

and  is the fresh biomass of the wood in the trimmed branches. 
 

3.7.2 Calculating untrimmed biomass 
 

Two calculations were done to calculate the dry biomass of the untrimmed parts (i.e. that still 

standing): one for the small branches, and the other for the large branches and the trunk. 
 

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

The total volume of large branches and the trunk as well as   mean wood density were 

determined using equation 6 and 8 then the dry section biomass was calculated from the product 

of mean wood density and total volume of the large branches and the trunks (equation 7). 

During volume measurement, each section i of the trunk and the large branches were considered 

to be a cylinder of volume (Smalian’s formula): 

Vi= Li (   +   ………………………………………………………………. (equ.6) 

Where  is the volume of the section i, its length, and and  are the diameters of the 

two extremities of section i.  

Bdry section= ……………………………………………………………. (equ.7) 
 

Where the sum corresponds to all the sections in the large branches and the trunk, the mean 

wood density was calculated by:  

   …………………………………………………………………….. (equ.8) 
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Consistent measurement units were used, for mean wood density  was expressed in , 

volume Vi was expressed in , and that both length and diameters  and were 

expressed in cm. Biomass in this case was therefore expressed in g. 

 

The dry biomass of the untrimmed small branches was then calculated using a model between 

dry biomass and basal diameter. This model is established by following the same procedure as 

for the development of an allometric model, using a simple linear regression model equation: 

 ………………………………………………………….. (equ.9) 

Where ,  are model parameters,  is branch basal diameter and C=1.  

Using a model of this type, the dry biomass of the untrimmed branches is: 

…………………………………………. (equ.10) 

Where the sum is all the untrimmed small branches and  is the basal diameter of the branch j. 

3.8  Estimated aboveground carbon stock of a tree/shrub 
 

 

Measuring a tree/shrub biomass followed by measuring of its respective carbon stock and  

analysis of its carbon content.According to the model of AGB and carbon stock estimates C = 

0.5*AGB (Hairiah et al., 2010) the carbon stock of a single tree/shrub was estimated by  

multiplying the respective aboveground biomass by conversion factor (using a default value of 

0.5) .  

 3.9 Estimation of Below Ground Biomass (BGB) 
 

According to MacDicken (1997), standard method for estimation of below ground biomass can 

be obtained as 20% of aboveground tree biomass i.e., root-to-shoot ratio value of 1:5 is used. 

Similarly, Pearson et al. (2007) described this method as it is more efficient and effective to 

apply a regression model to determine belowground biomass from knowledge of aboveground 

biomass. Thus, the equation developed by MacDicken (1997) to estimate below-ground biomass 

was used. 
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BGB= AGB × 0.2 …………………………………… ……………………………. (equ.11) 
 

Where, BGB is below ground biomass, AGB is aboveground biomass, 0.2 is conversion factor 

(or 20% of AGB).  

3.10 Estimation of Total biomass 
 

Total biomass of a plant was calculated as the sum of its respective aboveground biomass and 

belowground biomass. 
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CHAPTER FOUR 

4. Results and Discussion 
 

4.1 Results 
 

4.1.1 Trimmed biomass 
 

The average wood aliquot moisture content of Acacia abyssinica, Erica arborea, Rhus glutinous, 

Rhus vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum was 0.5, 0.6, 0.5, 0.5, 0.5 and 0.4 

kilograms and the average leaf aliquot moisture content of these species was 0.4, 0.8, 0.3, 0.4, 

0.4 and 0.4 kilograms respectively. 

Table 2 Moisture content of wood and leaf aliquots for the six study species  

Species name 
average W 

weight  before 
(kg) 

Average W  
weight after 

(kg) 

Average X 
wood (kg) 

Average 
L weight 

before 
(kg) 

Average 
L weight 
after (kg) 

Average 
X leaf 
(kg) 

Acacia abyssinica 0.4 0.2 0.5 0.1 0.02 0.43 
Erica arborea 0.033 0.02 0.04 0.005 0.002 0.04 
Rhus glutinosa 0.08 0.04 0.50 0.05 0.02 0.30 
Rhus vulgaris 0.06 0.03 0.45 0.01 0.01 0.43 
Scolopia theifolia 0.06 0.03 0.52 0.03 0.01 0.43 
Sideroxylon 

oxyacanthum 
0.05 0.02 0.44 0.02 0.01 0.45 

 

The average trimmed dry biomass of Acacia abyssinica, Erica arborea, Rhus glutinous, Rhus 

vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum was 0.2, 0.04, 0.05, 0.4, 0.04 and 0.03 

kilograms respectively.  
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Table 3 Trimmed branches dry biomass (Btrimmed dry) for the six study species  

Species name 

Average W 
weight  

before oven 
(kg) 

Average X wood 
(kg) 

Average L 
weight  before 

oven (kg) 

Average X 
leaf (kg) 

Average 
Btrimmed  
dry (kg) 

Acacia abyssinica 0.4 0.5 0.1 0.4 0.2 
Erica arborea 0.03 0.04 0.01 0.04 0.02 
Rhus glutinosa 0.1 0.5 0.1 0.3 0.1 
Rhus vulgaris 0.078 0.452 0.014 0.425 0.032 
Scolopia theifolia 0.07 0.53 0.04 0.43 0.05 
Sideroxylon 

oxyacanthum 0.01 0.04 0.004 0.04 0.004 

4.1.2 Untrimmed biomass 

 4.1.2.1 Biomass of dry section 
 

The mean wood density of Erica arborea, Rhus glutinous, Rhus vulgaris, Scolopia theifolia and 

Sideroxylon oxyacanthum was 493,572,439,433,492 and 402 in kg  and the average dry 

section biomass was 1314,135,97,66,54 and 46 kilograms respectively. 

4.1.2.2 Biomass of dry branch  
 

 

From the allometric model that resulted after regression analysis on aliquot basal diameter 

against aliquot dry biomass using R statistical software the values of “a” and “b” were known 

and the biomass of untrimmed small branches were determined by feeding the basal diameter to 

the model equations. The average biomass of untrimmed small branches for Acaccia abyssinica, 

Erica   arborea, Rhus glutinosa, Rhus vulgaris Scolopia theifolia and Sideroxylon oxyacanthum 

were 5.25, 0.55, 1, 0.13, 0.55, and 0.28 kilograms respectively. 

The allometric biomass models of the untrimmed dry branches of Acacia abyssinica, Erica 

arbrea, Rhus glutinos, Rhus vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum are listed 

and summarized below. 

 

 

 

 



27 
 

Table 4 Allometric equations for determining untrimmed dry branches of the six species 

 

The P-value of  the predictor (basal diameter) is 0 for all of the study species which shows that 

there is no chance for the basal diameter coefficient 3.4, 3, 2.3, 0.03, 4.3, and 2.6, and  y-intercept 

0.019, -0.001, 0.03, 0.011, -0.003 and 0.0007 to be obtaind by chance and the basal diameter 

coefficient is 100 % reliable estimate of the model. The  R-squared values 0.99, 0.99, 0.5, 0.85, 

0.95 and 0.93 show that 99%, 99%, 50%,85%,95% and 93 % of variance of  the output variable, 

untrimmed branch biomass, is explained by the variance of the input variable, the basal diameter 

for Acaccia abyssinica, Erica arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and  

Sideroxylon oxyacanthum respectively. 

4.1.3 Estimated aboveground biomass, aboveground carbon stock, belowground biomass   

         and total biomass of the six study species 
 

The individuals from all species mark for different amount of biomass depending on their 

respective DBH value and DBH found to be a factor(i.e., the higher the DBH value the bigger 

biomass recorded). The estimated aboveground biomass, aboveground carbon stock, 

belowground biomass and the total biomass of the study species can be considered significant as 

they are dominant in the study area within the considered DBH classes. The average value for 

their estimated aboveground biomass, aboveground carbon stock, belowground biomass and the 

total biomass is shown in the table below. 

 

 

Species name Allometric equations P value R squared 
value 

Acacia abyssinica 
 0 0.99 

Erica arborea     branchB = -0.001+ 3(basalD) 0 0.99 

Rhus glutinosa 
 0 0.5 

Rhus vulgaris 
 0 0.85 

Scolopia theifolia 
 0 0.95 

Sideroxylon 

oxyacanthum 

 0 0.93 
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Table 5 Estimated aboveground biomass, aboveground carbon stock, belowground biomass and   

total biomass of the six species  
 

Species name 

 

meanAGB   
(kg) 

 
 

meanC(AGB) 
(kg) 

 

meanBGB 
(kg) 

 

meanTB 

(kg) 
 

Acacia abyssinica 1319 660 264 1583 
Erica arborea 136 68 27 163 
Rhus glutinosa 98 49 20 118 
Rhus vulgaris  66 33 13 79 
Scolopia theifolia 55 28 11 66 
Sideroxylon oxyacanthum 46 23 9 55 
 

Figures 3 up to 8 below show the amount of estimated biomass by compartment for Acacia 

abyssinica, Erica arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon 

oxyacanthum in order. 

 

Figure 3 Estimated biomass for compartments of Acacia abyssinica 
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Figure 4 Estimated biomass for compartments of Erica arborea 
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Figure 5 Estimated biomass for compartments of Rhus glutinosa 

 

Figure 6 Estimated biomass for compartments of Rhus vulgaris 
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Figure 7 Estimated biomass for compartments of Scolopia theifolia 

 

 

Figure 8 Estimated biomass for compartments of Sideroxylon oxyacanthum 
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4.1.4 Allometric biomass models developed for the six study species 
 

4.1.4.1 Allometric biomass model for Acacia abyssinica 
[ 

The linear regrassion model analysis of dry section using a single independent variable DBH  

resulted in an alometric equation model of the form:Dry section = -649.3+ 6401.8 (DBH). 

Table 6 Summary of the allometric model (7) dry section for Acacia abyssinica  

Summary of model (7) 

Acacia abyssinica 

    

Call: 
lm(formula = drysection.A.abys ~ DBH.A.abys) 
Residuals: 

    Min      1Q       Median      3Q     Max  

-279.51  -95.38  -39.12     87.28    312.69 

Coefficients: 

                        Estimate   Std. Error   t value   Pr(>|t|)     

(Intercept)       -649.3      177.0         -3.668    0.00433 **  

DBH                6401.8     555.6        11.522    4.28e-07 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 166.4 on 10 degrees of freedom 

Multiple R-squared:   0.93,     Adjusted R-squared:  0.9229  

F-statistic: 132.8 on 1 and 10 DF,  p-value: 4.277e-07 
 

The linear regrassion model of dry section for Acacia abyssinica has a p-value of 0 and an R-

squared value of 0.92. P value of the predictor (DBH) zero means there is a very strong evidence 

that supports existence of  statisticaly significant correlation between DBH and dry section and 

the  0.92 R-squared value shows that 92% of variance of  the output variable, dry section, is 

explained by the variance of the input variable, the DBH. 

 The linear regrassion model analysis of aboveground biomass using a single independent 

variable DBH  resulted in an alometric equation  model of the form: AGB = -651.4+6437(DBH). 
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Table 7 Summary of the allometric model (8) aboveground biomass for Acacia abyssinica  

Summary of model(8) 

 Acacia abyssinica 

    

Call: 
lm(formula = AGB.A.abys ~ DBH.A.abys.) 
Residuals: 

    Min      1Q  Median      3Q     Max  

-280.31  -95.19  -38.85  87.43  312.77 

Coefficients: 

                       Estimate Std. Error   t value    Pr(>|t|)     

(Intercept)     -651.4      177.2        -3.676      0.00428 **  

DBH              6437.0    556.2         11.573  4.1e-07 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 166.6 on 10 degrees of freedom 

Multiple R-squared:  0.9305,    Adjusted R-squared:  0.9236  

F-statistic: 133.9 on 1 and 10 DF,  p-value: 4.104e-07 
 

The P-value for the the predictor (DBH) of the linear regrassion model analysis of AGB for  

Acacia abyssinica is 0 which shows that there is a very strong evidence that supports existence of 

statisticaly significant correlation between DBH and AGB and the R-squared value 0.92 indicate 

that 92% of variance of  the output variable, AGB, is explained by the variance of the input 

variable, the DBH 

The linear regrassion model analysis of total biomass using a single independent variable DBH 

resulted in an alometric equation  model of the form:Total biomass = -782+7726.2(DBH). 
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Table 8 Summary of the allometric model (9) total biomass for Acacia abyssinica  

Summary of model (9) 

Acacia abyssinica 

    

Call: 
lm(formula = Total.biomass.A.abys ~ DBH.A.abys..) 
Residuals: 

         Min     1Q       Median     3Q    Max  

       -336.9   -114.0  -46.7     105.2   375.0 

Coefficients: 

                        Estimate  Std. Error   t value   Pr(>|t|)     

(Intercept)      -782.0       212.7        -3.676     0.00427 **  

DBH               7726.2      667.7        11.572    4.11e-07 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 199.9 on 10 degrees of freedom 

Multiple R-squared:  0.9305,    Adjusted R-squared:  0.9236  

F-statistic: 133.9 on 1 and 10 DF,  p-value: 4.107e-07 
 

The linear regrassion model analysis of total biomass for Acacia abyssinica marked for a P-value 

of 0 showing a very strong evidence that supports existence of  statisticaly significant correlation 

between DBH and total biomass and the R-squared value 0.92 means 92% of variance of  the 

output variable, total biomass, is explained by the variance of the input variable, the DBH. 

Figure 10 below shows all the allometric models for Acacia abyssinca scatter plot with a line of 

best fit. Biomass of dry section, aboveground biomass and total biomass are directly affected by 

the predictor; the DBH and  trimmed biomass are affected by basal diameter. 
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Figure 9 Allometric models for Acacia abyssinica scatter plot with a line of best fit 
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4.1.4.2 Allometric biomass model for Erica arborea 
 

The linear regrassion model analysis of dry section using a single independent variable DBH  

resulted in an alometric equation model of the form:Dry section = -38.07+2772.78(DBH). 

Table 9 Summary of the allometric model (10) dry section for Erica arborea  

Summary of model(10) 

Erica arborea 

    

lm(formula = drysection.E..arbo ~ DBH.E..arbo) 
Residuals: 

     Min        1Q         Median     3Q    Max  

    -36.07   -16.36    -7.98        26.67  47.34 

Coefficients: 

                        Estimate   Std. Error   t value    Pr(>|t|)     

(Intercept)      -38.07        23.51       -1.619      0.136     

DBH                2772.78    350.76     7.905       1.31e-05 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 29.67 on 10 degrees of freedom 

Multiple R-squared:  0.8621,    Adjusted R-squared:  0.8483  

F-statistic: 62.49 on 1 and 10 DF,  p-value: 1.307e-05 
 

The linear regrassion model analysis of dry section for  Erica arborea  has a p-value of 0 and an 

R-squared value of 0.84. P value of the predictor (DBH) zero means  there is a very strong 

evidence that supports existence of  statisticaly significant correlation between DBH and dry 

section and the  0.84 R-squared value shows that 84% of variance of  the output variable, dry 

section, is explained by the variance of the input variable, the DBH. 

The linear regrassion model analysis of dry section using a single independent variable DBH 

resulted in an alometric equation model of the form:AGB = -38.07 + 2772.78(DBH). 
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Table 10 Summary of the allometric model (11) aboveground biomass for Erica arborea  

Summary of model(11) 

Erica arborea 

    

Call: 
lm(formula = AGB.E..arbo ~ DBH.E..arbo.) 
Residuals: 

     Min         1Q       Median     3Q      Max  

   -36.07   -16.36    -7.98         26.67  47.34 

Coefficients: 

                         Estimate    Std. Error   t value    Pr(>|t|)     

(Intercept)        -38.07       23.51          -1.619    0.136     

DBH                 2772.78    350.76        7.905      1.31e-05 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 29.67 on 10 degrees of freedom 

Multiple R-squared:  0.8621,    Adjusted R-squared:  0.8483  

F-statistic: 62.49 on 1 and 10 DF,  p-value: 1.307e-05 
 

The P-value for the the predictor (DBH) of the linear regrassion model analysis of AGB for 

Erica arborea is 0 which shows that there is a very strong evidence that supports existence of 

statisticaly significant correlation between DBH and AGB and the R-squared value 0.84 

indicates that of 84% variance of  the output variable, AGB, is explained by the variance of the 

input variable, the DBH 

The linear regrassion model analysis for total biomass using a single independent variable DBH 

resulted in an alometric equation model of the form:Total biomass=-45.77+3330.1(DBH). 
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     Table 11 Summary of the allometric model (12) total biomass for Erica arborea   

Summary of model (12) 

Erica arborea   

    

Call: 
lm(formula = Total.biomass.E..arbo ~ DBH.E..arbo..) 
Residuals: 

          Min        1Q           Median      3Q      Max  

         -43.628  -19.781  -9.783        31.877   56.945 

Coefficients: 

                          Estimate   Std. Error   t value   Pr(>|t|)     

(Intercept)        -45.77       28.22         -1.622    0.136     

DBH                 3330.10    421.04        7.909    1.3e-05 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 35.61 on 10 degrees of freedom 

Multiple R-squared:  0.8622,    Adjusted R-squared:  0.8484  

F-statistic: 62.55 on 1 and 10 DF,  p-value: 1.301e-05 

 
 

The linear regrassion model analysis of total biomass for Erica arborea has a P-value of 0 and an 

R-squared value of 0.84. This idicates that there is a very strong evidence that supports existence 

of statisticaly significant correlation between DBH and total biomass and 84% of variance of the 

output variable, total biomass, is explained by the variance of the input variable, the DBH. 

Figure 11 shows that all the allometric models for Erica arborea scatter plot with a line of best 

fit. Biomass of dry section, aboveground biomass and total biomass are directly affected by the 

predictor; the DBH and  trimmed biomass are affected by basal diameter. 
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Figure 10 Allometric models for Erica arborea scatter plot with a line of best fit 
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4.1.4.3 Allometric biomass model for Rhus glutinosa 
 

 

 

 

 

The linear regrassion model analysis for the dry section of Rhus glutinosa using a single 

independent variable DBH resulted in an alometric equation model of the form: Drysection= -

60.37+2421.05(DBH) . 

Table 12 Summary of the allometric model (13) dry section for Rhus glutinosa  

Summary of model(13) 

Rhus  glutinosa 

    

Call: 
lm(formula = drysection.R..gluti ~ DBH.R..gluti) 
Residuals: 

    Min         1Q          Median      3Q     Max  

   -65.737   -14.395  -5.079         8.276  78.263 

Coefficients: 

                         Estimate     Std. Error    t value    Pr(>|t|)     

(Intercept)        -60.37         34.94         -1.728     0.114704     

DBH                  2421.05     509.62        4.751     0.000779 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 38.48 on 10 degrees of freedom 

Multiple R-squared:  0.693,     Adjusted R-squared:  0.6623  

F-statistic: 22.57 on 1 and 10 DF,  p-value: 0.0007794 
 

The linear regrassion model analysis of dry section for Rhus  glutinosa marks for a P-value of 0 

and an R-squared value of 0.66. This shows that there is a very strong evidence that supports 

existence of statisticaly significant correlation between the DBH and the dry section. R-squared 

value of 0.66 means 66% of the variance of  the dry section is explained by the variance of  

DBH. 

The linear regrassion model analysis of AGB using a single independent variable DBH  resulted 

in an alometric equation model of the form:AGB = -60.68+2427.19(DBH). 
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     Table 13 Summary of the allometric model (14) aboveground biomass for Rhus glutinosa  

Summary of model(14) 

Rhus glutinosa 

    

Call: 
lm(formula = AGB.R..gluti ~ DBH.R..gluti.) 
Residuals: 

       Min        1Q        Median      3Q     Max  

      -66.035   -14.447  -5.039    8.055  78.965 

Coefficients: 

                        Estimate   Std. Error   t value   Pr(>|t|)     

(Intercept)     -60.68        35.12         -1.728     0.114725     

DBH              2427.19     512.32        4.738     0.000795 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

 

Residual standard error: 38.68 on 10 degrees of freedom 

Multiple R-squared:  0.6918,    Adjusted R-squared:  0.661  

F-statistic: 22.45 on 1 and 10 DF,  p-value: 0.0007949 
 

The linear regrassion model analysis of AGB for Rhus glutinosa marked for a P-value of 0 and 

this means there is a very strong existence of statisticaly significant correlation between DBH 

and AGB. R-squared value of 0.66 means 66% of variance of the output variable, AGB, is 

explained by the variance of the input variable, the DBH. 

The linear regrassion model analysis of total biomass using a single independent variable DBH 

resulted in an alometric equation model of the form: Total biomass= -72.95+2918.42(DBH). 
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   Table 14 Summary of the allometric model (15) total biomass for Rhus glutinosa  

       Summary of model (15) 

        Rhus glutinosa 

    

        Call: 
         lm(formula = Total.biomass.R..gluti ~ DBH.R..gluti..) 
       Residuals: 

            Min      1Q         Median      3Q     Max 

         -78.895   -16.908  -5.882     9.586    94.105 

       Coefficients: 

                                   Estimate    Std. Error  t value  Pr(>|t|) 

       (Intercept)         -72.95       41.81        -1.745    0.11164 

       DBH                   2918.42   609.89      4.785     0.00074 *** 

         --- 

        Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

       Residual standard error: 46.05 on 10 degrees of freedom 

       Multiple R-squared:  0.696,     Adjusted R-squared:  0.6656 

        F-statistic:  22.9 on 1 and 10 DF,  p-value: 0.00074 

 
 

The linear regrassion model analysis of total biomass for Rhus glutinosa has a P-value of 0 

which shows a very strong statisticaly significant correlation between DBH and total biomass. 

The  R-squared value of 0.66 shows that 66% of variance of  the output variable, total biomass, 

is explained by the variance of the input variable, the DBH. 

Figure 12 shows that all the allometric models for Rhus glutinosa scatter plot with a line of best 

fit. Biomass of dry section, aboveground biomass and total biomass are directly affected by the 

predictor; the DBH and  trimmed biomass are affected by basal diameter. 
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Figure 11 Allometric models for Rhus glutinosa scatter plot with a line of best fit 

 

 

 

 

 

 



44 
 

4.1.4.4  Allometric biomass model for Rhus vulgaris 
  

The linear regrassion model analysis of dry section using a single independent variable DBH  

resulted in an alometric equation model of the form:Dry section = -76.16+3947.30(DBH) . 

              Table 15 Summary of the allometric model (16) dry section for Rhus vulgaris  

Summary of model(16) 

Rhus vulgaris 

    

Call: 
lm(formula = drysection.R..vulga ~ DBH.R..vulga) 
 

Residuals: 

     Min       1Q       Median      3Q     Max  

  -22.142  -7.804  -3.318       7.328   27.385 

Coefficients: 

                       Estimate   Std. Error   t value    Pr(>|t|)     

(Intercept)    -76.16        14.98        -5.085      0.000475 *** 

DBH             3282.43     328.15     10.003      1.59e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 16.3 on 10 degrees of freedom 

Multiple R-squared:  0.9091,    Adjusted R-squared:  0.9001  

F-statistic: 100.1 on 1 and 10 DF,  p-value: 1.585e-06 
 

The linear regrassion model analysis of dry section for Rhus vulgaris has a P-value of 0 and an 

R-squared value of 0.90. The zero P-value shows that there is a very strong evidence that 

supports existence of  statisticaly significant correlation between DBH and dry section. R-

squared value of 0.90 shows that 90% of variance of the output variable, dry section, is explained 

by the variance of the input variable, the DBH. 

The linear regrassion model analysis of AGB using a single independent variable DBH  resulted 

in an alometric equation  model of the form:AGB = -76.16+3228.43(DBH).  
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            Table 16 Summary of the allometric model (17) aboveground biomass for Rhus vulgaris   

Summary of model(17) 

Rhus vulgaris   

    

Call: 
lm(formula = AGB.R..vulga ~ DBH.R..vulga.) 
 

Residuals: 

     Min      1Q        Median      3Q     Max  

   -22.142  -7.804  -3.318      7.328  27.385 

Coefficients: 

                        Estimate    Std. Error  t value   Pr(>|t|)     

(Intercept)     -76.16         14.98        -5.085     0.000475 *** 

DBH               3282.43     328.15     10.003      1.59e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 16.3 on 10 degrees of freedom 

Multiple R-squared:  0.9091,    Adjusted R-squared:  0.9001  

F-statistic: 100.1 on 1 and 10 DF,  p-value: 1.585e-06 
 

The linear regrassion model analysis of AGB for Rhus vulgaris marked for a P-value of 0 and an 

R-squared value of 0.90. The P-value of 0 shows that there is a very strong evidence that 

supports existence of statisticaly significant correlation between DBH and AGB. And an R-

squared value of 0.90 shows that 90% of variance of the output variable, AGB, is explained by 

the variance of the input variable, the DBH.  

The linear regrassion model analysis oftotal biomass using a single independent variable DBH  

resulted in an alometric equation  model of the form:Total biomass = -91+3947.30(DBH)  
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       Table 17 Summary of the allometric model (18) total biomass for Rhus vulgaris  

Summary of model (18) 

Rhus vulgaris 

    

Call: 
lm(formula = Total.biomass.R..vulga ~ DBH.R..vulga..) 
Residuals: 

    Min      1Q      Median      3Q     Max  

-26.176  -9.162  -4.203   8.983  32.405 

Coefficients: 

                        Estimate    Std. Error   t value   Pr(>|t|)     

(Intercept)      -91.72        17.84         -5.142     0.000437 *** 

DBH                3947.30     390.80     10.101     1.45e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 19.41 on 10 degrees of freedom 

Multiple R-squared:  0.9107,    Adjusted R-squared:  0.9018  

F-statistic:   102 on 1 and 10 DF,  p-value: 1.45e-06/ 
 

Model 18 showed / revealed that the linear regrassion model analysis of total biomass for Rhus 

vulgaris has a  P-value of 0 which shows that there is a very strong evidence that supports 

existence of statisticaly significant correlation between DBH and total biomass. And an R-

squared value of 0.90 shows that 90% of variance of  the output variable, total biomass,  is 

explained by the variance of the input variable, the DBH. 

Figure 13 shows that all the allometric models for Rhus vulgaris scatter plot with a line of best 

fit. Biomass of dry section, aboveground biomass and total biomass are directly affected by the 

predictor; the DBH and  trimmed biomass are affected by basal diameter. 
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Figure 12 Allometric models for Rhus vulgaris scatter plot with a line of best fit 
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4.1.4.5 Allometric biomass model for Scolopia theifolia 
 

The linear regrassion model analysis of the dry section of Scolopia theifolia using a single 

independent variable DBH  resulted in an alometric equation  model of the form:Dry section = -

3.128+1320.27 (DBH).  

        Table 18 Summary of the allometric model (19) dry section for Scolopia theifolia  

Summary of model (19) 

Scolopia theifolia 

    

 
Call: 
lm(formula = drysection.S.theif ~ DBH.S.theif) 
Residuals: 

     Min       1Q         Median       3Q      Max  

-18.0878  -8.6824  -0.8851     3.4189  28.3176 

Coefficients: 

                          Estimate    Std. Error    t value    Pr(>|t|)     

(Intercept)       -3.128         12.334         -0.254    0.804916     

DBH                1320.270    270.228      4.886      0.000636 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

 

Residual standard error: 13.42 on 10 degrees of freedom 

Multiple R-squared:  0.7048,    Adjusted R-squared:  0.6752  

F-statistic: 23.87 on 1 and 10 DF,  p-value: 0.0006365 
 

The linear regrassion model analysis of dry section for Scolopia theifolia marked for zero P-

value which shows that there is a very strong evidence that supports existence of statisticaly 

significant correlation between DBH and dry section. R-squared value of 0.68 shows that 68% of 

variance of  the output variable, dry section, is explained by the variance of the input variable, 

the DBH. 
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The linear regrassion model analysis ofaboveground biomass using a single independent variable 

DBH  resulted in an alometric equation  model of the form:AGB = -3.128+1320.27 (DBH)  

        Table 19 Summary of the allometric model (20) aboveground biomass for Scolopia theifolia  

Summary of model (20) 

Scolopia theifolia 

    

Call: 
lm(formula = AGB.S.theif ~ DBH.S.theif.) 
Residuals: 

     Min       1Q          Median       3Q         Max  

-18.0878  -8.6824  -0.8851      3.4189    28.3176 

 

Coefficients: 

                          Estimate    Std. Error   t value   Pr(>|t|)     

(Intercept)       -3.128          12.334      -0.254    0.804916     

DBH                1320.270    270.228     4.886   0.000636 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 13.42 on 10 degrees of freedom 

Multiple R-squared:  0.7048,    Adjusted R-squared:  0.6752  

F-statistic: 23.87 on 1 and 10 DF,  p-value: 0.0006365 
 

The linear regrassion model analysis of AGB for Scolopia theifolia has a P-value of 0 which 

shows that there is a very strong evidence that supports existence of statisticaly significant 

correlation between DBH and AGB. R-squared value of 0.68 shows that 68% of variance of  the 

output variable, AGB, is explained by the variance of the input variable, the DBH. 

The linear regrassion model analysis oftotal biomass using a single independent variable DBH  

resulted in an alometric equation  model of the form:Total biomass= -3.757+1590.5(DBH).  
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       Table 20 Summary of the allometric model (21) total biomass for Scolopia theifolia  

Summary of model (21) 

Scolopia theifolia 

    

Call: 
lm(formula = Total.biomass.S.theif ~ DBH.S.theif..) 
Residuals: 

    Min      1Q       Median      3Q     Max  

-21.676  -10.115  -1.270   4.338  34.135 

Coefficients: 

                        Estimate   Std. Error    t value   Pr(>|t|)     

(Intercept)     -3.757         14.834       -0.253     0.805206     

DBH              1590.541    325.002     4.894       0.000629 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 16.14 on 10 degrees of freedom 

Multiple R-squared:  0.7055,    Adjusted R-squared:  0.676  

F-statistic: 23.95 on 1 and 10 DF,  p-value: 0.0006288 
 

The linear regrassion model analysis of total biomass for Scolopia theifolia  has a P-value shows 

that there is a very strong evidence that supports existence of statisticaly significant correlation 

between DBH and total biomass. And an R-squared value of 0.68 shows that 68% of variance of 

the output variable, total biomass, is explained by the variance of the input variable, the DBH. 

Figure 14 shows that all the allometric models for Scolopia theifolia scatter plot with a line of 

best fit and the reliability of the models regresstion line’s coefficients biomass of dry section, 

aboveground biomass and total biomass are directly affected by the predictor, the DBH and  

trimmed biomass is affected by basal diameter. 
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Figure 13 Allometric models for Scolopia theifolia scatter plot with a line of best fit 
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4.1.4.6 Allometric biomass model for Sideroxylon oxyacanthum 
 

The linear regrassion model analysis of dry section of Sideroxylon oxycanthum using a single 

independent variable DBH  resulted in an alometric equation  model of the form:Dry section = -

9.425+1298.23(DBH).  

              Table 21 Summary of the allometric model (22) dry section for Sideroxylon oxyacanthum  

Summary of model (22) 

Sideroxylon oxyacanthum 

    

Call: 
lm(formula = drysection.S..oxyca ~ DBH.S..oxyca) 
Residuals: 

   Min     1Q      Median     3Q    Max  

-9.487 -6.268    1.513       5.000  9.549 

Coefficients: 

                     Estimate       Std. Error   t value  Pr(>|t|)     

(Intercept)    -9.425          6.077         -1.551    0.152     

DBH              1298.230    134.492    9.653      2.2e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 7.148 on 10 degrees of freedom 

Multiple R-squared:  0.9031,    Adjusted R-squared:  0.8934  

F-statistic: 93.18 on 1 and 10 DF,  p-value: 2.195e-06 

 

The linear regrassion model analysis of dry section for Sideroxylon oxyacanthum mark for zero 

P-value which shows that there is a very strong evidence that supports existence of  statisticaly 

significant correlation between DBH and dry section. And the recorded R-squared value of 0.89 

shows that 89% of variance of  the output variable which is dry section is explained by the 

variance of the input variable, the DBH. 

The linear regrassion model analysis ofaboveground biomass using a single independent variable 

DBH  resulted in an alometric equation  model of the form:AGB = -9.425+1298.23(DBH)  
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Table 22 Summary of the allometric model (23) aboveground biomass for Sideroxylon  

  oxyacanthum  
 

Summary of model(23) 

 Sideroxylon oxyacanthum 

    

Call: 
lm(formula = AGB.S..oxyca ~ DBHS..Oxyca.) 
Residuals: 

   Min     1Q      Median     3Q      Max  

-9.487 -6.268  1.513       5.000       9.549 

 

Coefficients: 

                        Estimate    Std. Error  t value    Pr(>|t|)     

(Intercept)      -9.425         6.077        -1.551    0.152     

DBH               1298.230    134.492    9.653     2.2e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 7.148 on 10 degrees of freedom 

Multiple R-squared:  0.9031,    Adjusted R-squared:  0.8934  

F-statistic: 93.18 on 1 and 10 DF,  p-value: 2.195e-06 
 

The linear regrassion model analysis of AGB for Sideroxylon oxyacanthum has a P-value of 0 

shows that there is a very strong evidence that supports existence of statisticaly significant 

correlation between DBH and AGB. And an R-squared value of 0.89 shows that 89% of variance 

of the output variable, AGB, is explained by the variance of the input variable, the DBH. 

The linear regrassion model analysis of total biomass using a single independent variable DBH  

resulted in an alometric equation  model of the form:Total biomass = -11.01+1551.32(DBH)  
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Table 23 Summary of the allometric model (24) total biomass for Sideroxylon oxyacanthum 

Summary of model(24) 

 Sideroxylon oxyacanthum 

    

Call: 
lm(formula = Total.biomassS..Oxyca ~ DBH.S..oxyca..) 
Residuals: 

        Min      1Q     Median      3Q     Max  

   -11.552  -7.403   1.948      5.583  11.422 

Coefficients: 

                         Estimate   Std. Error    t value   Pr(>|t|)     

(Intercept)       -11.015      7.225         -1.525     0.158     

DBH                1551.327    159.892    9.702      2.1e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 8.498 on 10 degrees of freedom 

Multiple R-squared:  0.904,     Adjusted R-squared:  0.8944  

F-statistic: 94.14 on 1 and 10 DF,  p-value: 2.095e-06 
 

The linear regrassion model analysis of total biomass for Sideroxylon oxyacanthum  marked for a 

P-value of 0, which shows that there is a very strong evidence that supports existence of 

statisticaly significant correlation between DBH and total biomass. The  R-squared value of 0.89 

shows that 89% of variance of the output variable, total biomass,  is explained by the variance of 

the input variable, the DBH. 

Figure 15 shows that all the allometric models for Sideroxylon oxyacanthum plot with a line of 

best fit. Biomass of dry section, aboveground biomass and total biomass are directly affected by 

the predictor; the DBH and  trimmed biomass are affected by basal diameter. 
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Figure 14 Allometric models for Sideroxylon oxyacanthum scatter plot with a line of best fit 
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4.2  Discussion 
 

According to Litton and Boone (2008) a species-specific allometric equations are more accurate 

for estimation of biomass. The reason behind this accuracy is because architecture and density 

have great variation among species and within the same species. As a result allometric equation 

development through single species based components have significant accuracy to estimate the 

biomass of a particular tree (Ketterings et al., 2001 and Henry et al., 2011). 

 

The use of general allometric equation can lead to bias in estimating biomass for a particular 

species due to wood density variation among species and within species and also it excludes 

architectural differences (Kuyah et al., 2012). Eyosias Worku and Teshome Soromessa (2015) 

also compared the species-specific allometric model for Juniperus procera and Podocarpus 

falcatus to that of the generalized equation and observed significant difference at the total 

amount of biomass for both Juniperus procera and Podocarpus falcatus. They found the species-

specific models are more accurate for estimation of biomass and proposed the species-specific 

equations to be used in the future for the two species. 

This study delivered species-specific allometric models for Acacia abyssinica, Erica arborea, 

Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum which resulted 

after regression analysis on DBH against dry section biomass, AGB and total biomass using R 

statistical software.  
 

All the models best fit at P> 0.000 in linear regression which shows a very strong statisticaly 

significant correlation between the predictor (DBH) and the dependent variables (dry section 

biomass, AGB and total biomass). The  R-squared values ≥ 66 show high significance to the 

line’s y-intercepts and their respective slopes great linearity and the models were the best 

performing models for all compartments of all species.  
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Table 24 Best performing models for estimation of the six species dry section, AGB and Total  

  biomass (biomass, kg) and (diameter, cm)  
 

Species name Allometric equations 
P 

value 

R squared 

value 

Acacia abyssinica 

Dry section= -649+6401.8(DBH) 0 0.92 

[AGB= -651.4+6473(DBH) 0 0.92 

TB= -782+7726.2(DBH) 0 0.92 

Erica arborea 

Dry section= -38.07+2772(DBH) 0 0.84 

AGB= -38.07+2772.78(DBH) 0 0.84 

TB= -45.77+3330.1(DBH) 0 0.84 

Rhus glutinosa 

Dry section= -60.37+2421.05(DBH) 0 0.66 

AGB= -60.68+2427.19(DBH) 0 0.66 

TB= -72.95+2918.42(DBH) 0 0.66 

Rhus vulgaris 

Dry section= -76.16+3947.3(DBH) 0 0.9 

AGB= -7.16+3228.43(DBH) 0 0.9 

TB= -91+3947.3(DBH) 0 0.9 

 

 

Scolopia theifolia 

Dry section= -3.128+1320.27(DBH) 0 0.67 

AGB= -3.128+1320.27(DBH) 0 0.67 

TB= -3.757+1590.5(DBH) 0 0.67 

 

Sideroxylon oxyacanthum 

Dry section= -9.425+1298.23(DBH) 0 0.89 

AGB= -9.425+1298.23(DBH) 0 0.89 

TB= -11.01+1551.32(DBH) 0 0.89 

 

According to Abiyou et al. (2015) the study species are dominant and important species to the 

study forest with an intermediate priority of conservation. The density of Acacia abyssinica, 

Erica arborea, Rhus glutinosa, Rhus vulgaris, Scolopia theifolia and Sideroxylon oxyacanthum 

is 26.13,75.74, 37.71, 1.18, 24.66 and 69.92 Ind/ha and their basal area contribution is 1.49, 0.91, 

1.71, 0.02, 0.99 and 0.48 BA/ha respectively. The importance value index priority class of Erica 
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arborea and Rhus vulgaris, Acacia abyssinica and Sideroxylon oxyacanthum and Rhus glutinosa 

is 2, 3 and 4 respectively.  

Considering their abundance, importance and dominance the accurate estimation of the AGB of 

the study species can play a significant role in supporting the efforts on the proper management 

and sustainable use of the forest resources. The models from this study can be applied within 

their validity range to estimate the carbon stock share of the species in the forest. Therefore, their 

implication to climate change mitigation can be placed to the carbon finance. 
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CHAPTER FIVE 
 

5. Conclusions and Recommendations 
 

 

5.1 Conclusion  
 

The result from this study shows that the allometric models developed using branch basal 

diameter for predicting untrimmed branches and using DBH for predicting dry section biomass, 

AGB and total biomass of the six tree/shrub species were the best performing models with a P-

value of 0  and the reliability of all models regrasstion line’s y-intercepts and their respective 

slopes show great linearity. 
 

In conclusion, the species-specific allometric models presented for quantifying aboveground 

biomass, in the six study species from Egdu forest would significantly improve the capacity to 

accurate estimation of biomass for the study species in the forest. In particular, the use of DBH 

as a sole predictor variable for all the species will facilitate the use of inventory data to examine 

temporal and spatial variability in ecosystem structure and function. However, care should be 

taken in applying the allometric models developed in this study to other sites within the 

archipelago without knowledge of size structures the models can be used everywhere else.. It 

recommend that DBH versus tree height curves be constructed for the area of interest and 

compared to that presented in this study to determine how appropriate the allometric models are 

for a given site. 
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5.2 Recommendations 
 

The  uncertainty  in biomass and carbon stocks largely results due to lack of species-specific 

allometric equations thus, the allometric equations from this study can be reliably used by 

researchers and/or forest managers to calculate aboveground biomass, aboveground carbon, 

belowground biomass and total biomass of the six studied species within the specific forest type 

and other study sites with caution.  

According to Basuki and colleges the accuracy of models is an important aspect that mentioned 

in the different instrument of Kyoto protocol. To reduce uncertainty accurate carbon accounting 

method are required. The development of new, species-specific allometric equations is necessary 

to achieve higher level of accuracy.  

The models from this study can be used as tool for measurement of the achievement of the 

second pillar of the CRGE which is protecting and re-establishing of forests for their economic 

and ecosystem services, including as carbon stocks with other similar studies. 

Estimates of AGB and their associated uncertainty are  also essential for international forest-

based climate change mitigation strategies such as REDD+ therefore, developong  allometric 

equation through species-specific method for all the indigenous tree species that are found in 

Egdu Forest will give the accurate information on AGB can be applicable whenever needed. 

Such accurate and precise information on reliable estimates of biomass also would be highly 

supportive on decisions by policy-makers regarding sustainable management and use of forests 

as well as efforts for mitigating climate change for forests dominated by the study species like 

Egdu. 

During the field work it is observed that Erica arborea is threatened significantly by selective 

tree cutting and local people revealed that the tree is always highly destructed during the true 

cross religious holiday. 
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7. Annexes 
 

Annex 1. Moisture content of wood and leaf aliquots of the sampled plants of the six  

    species 

A. Acacia abyssinica  

Acacia abyssinica 

Individual W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.5 0.2 0.5 0.1 0.03 0.5 
T2 0.6 0.3 0.5 0.1 0.03 0.4 
T3 0.6 0.3 0.5 0.1 0.02 0.2 
T4 0.3 0.2 0.5 0.04 0.02 0.5 
T5 0.4 0.2 0.5 0.05 0.02 0.5 
T6 0.5 0.2 0.5 0.1 0.02 0.3 
T7 0.4 0.2 0.6 0.05 0.02 0.3 
T8 0.3 0.2 0.6 0.03 0.01 0.4 
T9 0.3 0.1 0.5 0.03 0.02 0.5 

T10 0.3 0.2 0.6 0.03 0.01 0.4 
T11 0.2 0.1 0.5 0.02 0.01 0.6 
T12 0.3 0.1 0.6 0.03 0.01 0.5 

 

B. Erica arborea  

Erica arborea 

Individual W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.11 0.06 0.61 0.021 0.02 0.8 
T2 0.04 0.02 0.59 0.007 0.01 0.8 
T3 0.09 0.05 0.6 0.017 0.01 0.7 
T4 0.1 0.06 0.59 0.018 0.02 0.8 
T5 0.06 0.04 0.6 0.010 0.01 0.9 
T6 0.06 0.04 0.6 0.012 0.01 0.8 
T7 0.06 0.04 0.62 0.013 0.01 0.8 
T8 0.08 0.05 0.63 0.019 0.01 0.7 
T9 0.06 0.03 0.6 0.010 0.01 0.9 

T10 0.05 0.03 0.59 0.009 0.01 0.8 
T11 0.03 0.02 0.58 0.004 0.004 0.9 
T12 0.03 0.02 0.61 0.006 0.01 0.8 
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C. Rhus glutinosa  

Rhus glutinosa 

Individuals W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.12 0.06 0.5 0.08 0.03 0.3 
T2 0.1 0.05 0.5 0.07 0.02 0.3 
T3 0.04 0.02 0.6 0.03 0.01 0.3 
T4 0.06 0.03 0.5 0.05 0.01 0.3 
T5 0.05 0.03 0.5 0.04 0.01 0.3 
T6 0.11 0.05 0.5 0.07 0.02 0.3 
T7 0.05 0.02 0.5 0.03 0.01 0.3 
T8 0.12 0.05 0.4 0.08 0.02 0.3 
T9 0.06 0.03 0.5 0.04 0.01 0.3 

T10 0.07 0.04 0.5 0.05 0.02 0.3 
T11 0.04 0.02 0.5 0.03 0.01 0.3 
T12 0.08 0.04 0.5 0.06 0.02 0.3 

 

D. Rhus vulgaris  

Rhus vulgaris 

Individual W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.1 0.04 0.4 0.03 0.01 0.3 
T2 0.09 0.04 0.4 0.02 0.01 0.4 
T3 0.08 0.03 0.4 0.02 0.01 0.4 
T4 0.08 0.03 0.4 0.02 0.01 0.4 
T5 0.02 0.01 0.5 0.005 0.002 0.5 
T6 0.04 0.02 0.5 0.01 0.004 0.5 
T7 0.05 0.02 0.5 0.01 0.004 0.5 
T8 0.04 0.02 0.5 0.01 0.004 0.5 
T9 0.03 0.01 0.5 0.01 0.003 0.4 

T10 0.06 0.02 0.4 0.01 0.01 0.4 
T11 0.06 0.03 0.4 0.01 0.01 0.4 
T12 0.07 0.03 0.5 0.01 0.01 0.4 
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E. Scolopia theifolia  

Scolopia theifolia 

Individual W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.03 0.02 0.57 0.02 0.01 0.5 
T2 0.02 0.01 0.62 0.01 0.01 0.5 
T3 0.03 0.02 0.58 0.02 0.01 0.5 
T4 0.04 0.02 0.54 0.02 0.01 0.5 
T5 0.04 0.02 0.53 0.02 0.01 0.4 
T6 0.05 0.03 0.5 0.03 0.01 0.4 
T7 0.07 0.03 0.48 0.04 0.02 0.4 
T8 0.06 0.03 0.49 0.03 0.01 0.4 
T9 0.09 0.04 0.47 0.05 0.02 0.4 

T10 0.09 0.04 0.46 0.05 0.02 0.4 
T11 0.08 0.04 0.48 0.04 0.02 0.4 
T12 0.1 0.05 0.47 0.06 0.02 0.4 

 

F. Sideroxylon oxyacanthum  

Sideroxylon oxycanthum 

Individual W before(kg) W after(kg) X wood(kg) L before(kg) L after(kg) X leaf(kg) 

T1 0.02 0.01 0.5 0.01 0.003 0.5 
T2 0.02 0.01 0.5 0.01 0.004 0.4 
T3 0.02 0.01 0.5 0.01 0.004 0.4 
T4 0.03 0.01 0.5 0.01 0.01 0.5 
T5 0.04 0.02 0.5 0.01 0.01 0.5 
T6 0.04 0.02 0.4 0.01 0.01 0.5 
T7 0.04 0.02 0.4 0.02 0.01 0.5 
T8 0.06 0.02 0.4 0.02 0.01 0.5 
T9 0.06 0.02 0.4 0.02 0.01 0.4 

T10 0.07 0.03 0.4 0.02 0.01 0.4 
T11 0.08 0.03 0.4 0.03 0.01 0.4 
T12 0.07 0.03 0.4 0.02 0.01 0.4 
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Annex 2 Trimmed branches dry biomass (Btrimmed dry) of the sampled plants of  

    the six species 

A. Acacia abyssinica 

Acacia abyssinica 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed 
dry(kg) Before (kg) 

T1 0.5 0.5 0.1 0.4 0.3 
T2 0.6 0.5 0.1 0.4 0.3 
T3 0.6 0.5 0.1 0.4 0.3 
T4 0.3 0.5 0.04 0.4 0.2 
T5 0.4 0.5 0.1 0.4 0.2 
T6 0.5 0.5 0.1 0.4 0.3 
T7 0.4 0.6 0.04 0.4 0.2 
T8 0.3 0.6 0.03 0.5 0.2 
T9 0.3 0.5 0.03 0.5 0.2 
T10 0.3 0.6 0.03 0.5 0.2 
T11 0.2 0.5 0.02 0.5 0.1 
T12 0.3 0.6 0.03 0.5 0.2 

 

B. Erica arborea  

Erica arborea 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed 
dry(kg) before(kg) 

T1 0.1 0.6 0.02 0.8 0.1 
T2 0.04 0.6 0.01 0.8 0.03 
T3 0.1 0.6 0.02 0.7 0.1 
T4 0.1 0.6 0.02 0.8 0.1 
T5 0.1 0.6 0.01 0.9 0.04 
T6 0.1 0.6 0.01 0.8 0.05 
T7 0.1 0.6 0.01 0.8 0.05 
T8 0.1 0.6 0.02 0.7 0.1 
T9 0.1 0.6 0.01 0.9 0.04 
T10 0.1 0.6 0.01 0.9 0.04 
11 0.03 0.6 0.004 0.9 0.02 

T12 0.03 0.6 0.01 0.8 0.02 
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C. Rhus glutinosa   

Rhus glutinosa 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed 
dry(kg) before(kg) 

T1 0.1 0.5 0.1 0.3 0.1 
T2 0.1 0.5 0.1 0.31 0.1 
T3 0.04 0.6 0.03 0.31 0.03 
T4 0.1 0.5 0.1 0.31 0.05 
T5 0.1 0.5 0.04 0.3 0.04 
T6 0.1 0.5 0.1 0.3 0.1 
T7 0.1 0.5 0.03 0.32 0.04 
T8 0.1 0.4 0.1 0.3 0.1 
T9 0.1 0.5 0.04 0.31 0.04 
T10 0.1 0.5 0.1 0.29 0.1 
T11 0.04 0.5 0.03 0.32 0.03 
T12 0.1 0.5 0.1 0.3 0.1 

 

D. Rhus vulgaris  

Rhus vulgaris 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed 
dry(kg) before(kg) 

T1 0.1 0.42 0.03 0.3 0.05 
T2 0.1 0.43 0.02 0.4 0.05 
T3 0.1 0.42 0.02 0.4 0.04 
T4 0.1 0.41 0.02 0.4 0.04 
T5 0.02 0.48 0.005 0.5 0.01 
T6 0.04 0.47 0.01 0.5 0.02 
T7 0.1 0.46 0.01 0.5 0.03 
T8 0.04 0.49 0.01 0.5 0.02 
T9 0.03 0.53 0.01 0.4 0.02 
T10 0.1 0.44 0.01 0.4 0.03 
T11 0.1 0.42 0.01 0.4 0.03 
T12 0.1 0.45 0.01 0.4 0.04 
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E. Scoplopia theifolia  

Scoplopia theifolia 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed 
dry(kg) before (kg) 

T1 0.03 0.6 0.02 0.5 0.03 
T2 0.02 0.6 0.01 0.5 0.02 
T3 0.03 0.6 0.02 0.5 0.02 
T4 0.04 0.5 0.02 0.5 0.03 
T5 0.04 0.5 0.02 0.4 0.03 
T6 0.1 0.5 0.03 0.4 0.04 
T7 0.1 0.5 0.04 0.4 0.0 
T8 0.1 0.5 0.03 0.4 0.04 
T9 0.1 0.5 0.1 0.4 0.1 
T10 0.1 0.5 0.1 0.4 0.1 
T11 0.1 0.5 0.04 0.4 0.1 
T12 0.1 0.5 0.1 0.4 0.1 

 

F. Sideroxylon oxyacanthum  

Sideroxylon oxyacanthum 

Individual 
W 

X wood(kg) L before(kg) X leaf(kg) Btrimmed dry(kg) 
before(kg) 

T1 0.02 0.5 0.01 0.5 0.01 
T2 0.02 0.5 0.01 0.4 0.02 
T3 0.02 0.5 0.01 0.4 0.01 
T4 0.03 0.5 0.01 0.5 0.02 
T5 0.04 0.5 0.01 0.5 0.02 
T6 0.04 0.4 0.01 0.5 0.02 
T7 0.04 0.4 0.02 0.5 0.03 
T8 0.1 0.4 0.02 0.5 0.03 
T9 0.1 0.4 0.02 0.5 0.03 
T10 0.1 0.4 0.02 0.4 0.04 
T11 0.1 0.4 0.03 0.4 0.04 
T12 0.1 0.4 0.02 0.4 0.04 
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Annex 3 Trimmed branch wood aliquot dry biomass, volume, density and summation of  

section volumes of the large branches and trunk for the sampled plants of the six   

species 
 

A. Acacia abyssinica 

Acacia abyssinica 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.2 0.0005 487 3 1602 
T2 0.3 0.0007 446 4 1952 
T3 0.3 0.0006 453 5 2317 
T4 0.2 0.0004 488 2 1217 
T5 0.2 0.0004 495 4 1840 
T6 0.2 0.0005 493 4 1812 
T7 0.2 0.0004 530 3 1447 
T8 0.2 0.0003 544 2 892 
T9 0.1 0.0003 497 1 740 

T10 0.2 0.0003 500 2 796 
T11 0.1 0.0002 482 1 437 
T12 0.1 0.0003 501 1 715 

 

B. Erica arborea 

Erica arborea 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.07 0.0001 573 0.4 242 
T2 0.02 0.00004 574 0.1 59 
T3 0.05 0.0001 573 0.3 156 
T4 0.06 0.0001 571 0.4 216 
T5 0.04 0.0001 570 0.3 146 
T6 0.04 0.0001 574 0.2 102 
T7 0.04 0.0001 569 0.3 168 
T8 0.05 0.0001 602 0.4 240 
T9 0.03 0.0001 575 0.3 159 

T10 0.03 0.0001 566 0.1 65 
T11 0.02 0.00002 541 0.1 24 
T12 0.02 0.00003 577 0.1 43 
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C. Rhus glutinosa 

Rhus glutinosa 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.1 0.0001 446 0.6 260 
T2 0.05 0.0001 459 0.3 150 
T3 0.02 0.00004 516 0.2 83 
T4 0.03 0.0001 479 0.1 69 
T5 0.03 0.0001 500 0.1 48 
T6 0.05 0.0001 434 0.4 163 
T7 0.03 0.0001 499 0.1 41 
T8 0.05 0.0001 421 0.3 116 
T9 0.03 0.0001 497 0.1 63 
T10 0.04 0.0001 463 0.2 71 
T11 0.02 0.00004 497 0.1 24 
T12 0.04 0.0001 462 0.2 76 

 

D. Rhus vulgaris  

Rhus vulgaris 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.04 0.0001 411 0.4 181 
T2 0.04 0.0001 425 0.3 111 
T3 0.03 0.0001 406 0.3 127 
T4 0.0 0.0001 397 0.2 88 
T5 0.01 0.00003 432 0.03 16 
T6 0.02 0.00004 455 0.04 16 
T7 0.02 0.00005 438 0.1 33 
T8 0.02 0.00004 468 0.1 33 
T9 0.02 0.00003 499 0.04 22 
T10 0.02 0.0001 426 0.1 48 
T11 0.03 0.0001 403 0.1 48 
T12 0.03 0.0001 434 0.2 70 
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E. Scolopia theifolia  

Scolopia theifolia 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.02 0.00004 540 0.1 36 
T2 0.01 0.00002 573 0.04 21 
T3 0.02 0.00003 542 0.1 24 
T4 0.02 0.00004 512 0.1 38 
T5 0.02 0.00005 491 0.1 38 
T6 0.03 0.0001 485 0.1 42 
T7 0.03 0.0001 460 0.2 72 
T8 0.03 0.0001 471 0.2 78 
T9 0.04 0.0001 459 0.2 76 

T10 0.04 0.0001 452 0.1 58 
T11 0.04 0.0001 464 0.2 78 
T12 0.05 0.0001 457 0.2 88 

 

 F. Sideroxylon oxyacanthum  

Sideroxylon oxyacanthum 

Individual 
 

Bdry wood aliquot 
(kg) 

 
Volume  

 
mean wood 

density(kg ) 

 
 
 

 

 
Bdry section(kg) 

T1 0.01 0.00002 407 0.04 15 
T2 0.01 0.00003 407 0.1 24 
T3 0.01 0.00002 457 0.1 24 
T4 0.02 0.00003 441 0.1 33 
T5 0.02 0.00004 433 0.1 34 
T6 0.02 0.00004 415 0.1 44 
T7 0.02 0.00005 414 0.1 47 
T8 0.02 0.0001 388 0.1 46 
T9 0.02 0.0001 365 0.2 62 

T10 0.03 0.0001 388 0.2 70 
T11 0.03 0.0001 350 0.3 91 
T12 0.03 0.0001 362 0.2 59 
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Annex 4 Summary of the allometric models for the six species branches  

A.  Summary of the allometric model (1) for Acacia abyssinica branches  

Summary of model ( 1) 

Acacia abyssinica 

    

Call: 

lm(formula = B.trimmed.A.abys ~ BD.A.abys) 

Residuals: 

      Min          1Q             Median        3Q          Max  

-0.007962   -0.003876  -0.002189  0.001278  0.012580 

Coefficients: 

                         Estimate    Std. Error   t value   Pr(>|t|)     

(Intercept)        0.018503   0.006718    2.754    0.0203 *   

BD                    3.352339    0.110243   30.409   3.47e-11 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.006668 on 10 degrees of freedom 

Multiple R-squared:  0.9893,    Adjusted R-squared:  0.9882  

F-statistic: 924.7 on 1 and 10 DF,  p-value: 3.465e-11 

 

B. Summary of the allometric model (2) for Erica arborea branches  

Summary of model ( 2): Erica arborea     

Call: 
lm(formula = B.trimmed.E..arbo..~ .BD.E..arbo.) 
Residuals: 

       Min          1Q                Median         3Q        Max  

-0.0033794   0.0002371  0.0006532  0.0008391  0.0013285 

Coefficients: 

                              Estimate     Std. Error    t value Pr(>|t|)     

(Intercept)             -0.001106   0.001333   -0.83    0.426     

BD                          2.886802     0.073036   39.53 2.57e-12 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.001639 on 10 degrees of freedom 

Multiple R-squared:  0.9936,    Adjusted R-squared:  0.993  

F-statistic:  1562 on 1 and 10 DF,  p-value: 2.568e-12 
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C. Summary of the allometric model (3) for Rhus glutinosa branches  

Summary of model ( 3): Rhus glutinosa     

Call: 
lm(formula = Btrimmed.R...gluti ~ BDR...gluti) 
Residuals: 

      Min              1Q          Median        3Q       Max  

-0.017807  -0.007102   -0.001558  0.002599  0.027084 

Coefficients: 

                            Estimate  Std. Error   t value   Pr(>|t|)     

(Intercept)         0.032048   0.006902   4.643     0.000917 *** 

BD                     2.271664   0.653246  3.478      0.005946 **  

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.01282 on 10 degrees of freedom 

Multiple R-squared:  0.5474,    Adjusted R-squared:  0.5021  

F-statistic: 12.09 on 1 and 10 DF,  p-value: 0.005946 

 

D. Summary of the allometric model (4) for Rhus vulgaris branches  

Summary of model ( 4): Rhus vulgaris     

Call: 
lm(formula = Btrimmed.R..vulga ~ BD.R..vulga) 
Residuals: 

      Min          1Q            Median        3Q       Max  

-0.005449  -0.002577  -0.001265  0.001784  0.008948 

Coefficients: 

                        Estimate    Std. Error   t value   Pr(>|t|)     

(Intercept)      0.010629    0.002898   3.667      0.00434 **  

BD                  0.033401   0.004251   7.857       1.38e-05 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.004473 on 10 degrees of freedom 

Multiple R-squared:  0.8606,    Adjusted R-squared:  0.8467  

F-statistic: 61.73 on 1 and 10 DF,  p-value: 1.378e-05 
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E. Summary of the allometric model (5) for Scolopia theifolia branches  

Summary of model ( 5): Scolopia theifolia     

Call: 
lm(formula = Btrimmed.S.theif ~ BD.S.theif) 
Residuals: 

       Min              1Q               Median         3Q        Max  

-0.0036101   -0.0017678   -0.0006273  0.0004255  0.0097134 

Coefficients: 

                        Estimate     Std. Error    t value    Pr(>|t|)     

(Intercept)      -0.003057   0.003359   -0.91         0.384     

BD                   4.293761   0.306250   14.02       6.68e-08 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.00364 on 10 degrees of freedom 

Multiple R-squared:  0.9516,    Adjusted R-squared:  0.9468  

F-statistic: 196.6 on 1 and 10 DF,  p-value: 6.679e-08 

 

F. Summary of the allometric model (6) for Sideroxylon oxycanthum branches  

Summary of model (6): Sideroxylon 

oxycanthum 

    

Call: 
lm(formula = Btrimmed..S..oxyca ~ .BD.S..oxyca) 
Residuals: 

       Min                1Q              Median         3Q        Max  

-0.0031028    -0.0021072    -0.0004922  0.0025089  0.0041043 

Coefficients: 

                           Estimate      Std. Error     t value   Pr(>|t|)     

(Intercept)         0.0007352     0.0022528   0.326    0.751     

BD                     2.6102882    0.2157514  12.099   2.7e-07 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

  

Residual standard error: 0.002654 on 10 degrees of freedom 

Multiple R-squared:  0.9361,    Adjusted R-squared:  0.9297  

F-statistic: 146.4 on 1 and 10 DF,  p-value: 2.705e-07/ 
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Annex 5 Aboveground biomass, the aboveground carbon stock, belowground biomass and  

   total biomass of the sampled plants of the six species 
 

A. Acacia abyssinica  

Acacia abyssinica 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 

T1 0.37 0.3 7 1602 1609 805 322 1931 
T2 0.45 0.3 8 1952 1960 980 392 2352 
T3 0.45 0.3 8 2317 2326 1163 465 2791 
T4 0.26 0.2 4 1217 1222 611 244 1466 
T5 0.34 0.2 6 1840 1846 923 369 2216 
T6 0.37 0.3 7 1812 1819 910 364 2183 
T7 0.32 0.2 6 1447 1453 727 291 1744 
T8 0.25 0.2 5 892 897 449 179 1076 
T9 0.22 0.2 3 740 743 372 149 892 

T10 0.24 0.2 4 796 800 400 160 960 
T11 0.18 0.2 2 437 440 220 88 527 
T12 0.23 0.2 3 715 718 359 144 862 

 

B. Erica arborea  

Erica arborea 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 

T1 0.11 0.08 1.2 242 243 122 49 292 
T2 0.04 0.03 0.3 59 59 30 12 71 
T3 0.08 0.06 1 156 157 79 31 188 
T4 0.1 0.07 0.4 216 216 108 43 260 
T5 0.06 0.04 0.2 146 146 73 29 175 
T6 0.06 0.05 0.6 102 103 52 21 123 
T7 0.06 0.05 0.6 168 169 85 34 202 
T8 0.09 0.07 1 240 241 121 48 289 
T9 0.05 0.04 0.5 159 160 80 32 191 

T10 0.05 0.04 0.4 65 65 33 13 79 
T11 0.03 0.02 0.2 24 25 13 5 29 
T12 0.03 0.02 0.3 43 43 22 9 52 
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C. Rhus glutinosa  

Rhus glutinosa 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 
T1 0.1 0.08 1.4 260 261 131 52 314 
T2 0.08 0.07 1.2 150 151 76 30 182 
T3 0.04 0.03 0.7 83 83 42 17 100 
T4 0.06 0.05 0.3 69 69 35 14 83 
T5 0.05 0.04 0.7 48 49 25 10 58 
T6 0.09 0.07 1.3 163 164 82 33 197 
T7 0.04 0.04 0.9 41 42 21 8 50 
T8 0.1 0.08 1.3 116 117 59 23 141 
T9 0.05 0.04 0.9 63 64 32 13 77 
T10 0.06 0.05 1.0 71 72 36 14 86 
T11 0.04 0.03 0.8 24 25 13 5 30 
T12 0.07 0.05 1.0 76 77 39 15 92 

 

D. Rhus vulgaris  

Rhus vulgaris 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 
T1 0.07 0.05 0.17 181 181 91 36 217 
T2 0.06 0.05 0.15 111 111 56 22 133 
T3 0.06 0.04 0.14 127 127 64 25 153 
T4 0.05 0.04 0.14 88 88 44 18 106 
T5 0.02 0.01 0.1 16 16 8 3 19 
T6 0.03 0.02 0.1 16 16 8 3 19 
T7 0.04 0.03 0.1 33 33 17 7 40 
T8 0.03 0.02 0.11 33 33 17 7 39 
T9 0.03 0.02 0.11 22 22 11 4 27 
T10 0.04 0.03 0.14 48 48 24 10 58 
T11 0.04 0.03 0.14 48 48 24 10 58 
T12 0.05 0.04 0.16 70 70 35 14 84 
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E. Scolopia theifolia  

Scolopia theifolia 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 
T1 0.03 0.03 0.38 36 36 18 7 44 
T2 0.02 0.02 0.26 21 21 11 4 26 
T3 0.03 0.02 0.3 24 24 12 5 29 
T4 0.03 0.03 0.41 38 38 19 8 46 
T5 0.04 0.03 0.45 38 38 19 8 46 
T6 0.04 0.04 0.5 42 43 22 9 51 
T7 0.05 0.05 0.64 72 73 37 15 87 
T8 0.04 0.04 0.53 78 79 40 16 94 
T9 0.06 0.06 0.78 76 77 39 15 92 
T10 0.06 0.06 0.8 58 59 30 12 71 
T11 0.05 0.05 0.7 78 79 40 16 95 
T12 0.07 0.07 0.89 88 89 45 18 107 

 

F. Sideroxylon oxyacanthum  

Sideroxylon oxyacanthum 

Individual DBH(m) 
Btrimmed 
dry branch 

(kg) 

Buntrimmed 
dry branch 

(kg) 

Bdry 
section 

(kg) 

AGB 
(kg) 

C 
(kg) 

BGB 
(kg) 

Total 
Biomass 

(kg) 
T1 0.02 0.01 0.17 15 15 8 3 18 
T2 0.03 0.02 0.2 24 25 13 5 30 
T3 0.02 0.01 0.18 24 24 12 5 29 
T4 0.03 0.02 0.23 33 33 16 7 40 
T5 0.04 0.02 0.25 34 34 17 7 41 
T6 0.04 0.02 0.27 44 44 22 9 53 
T7 0.04 0.03 0.28 47 47 24 9 57 
T8 0.05 0.03 0.33 46 46 23 9 56 
T9 0.05 0.03 0.35 62 62 31 12 75 
T10 0.06 0.04 0.37 70 70 35 14 84 
T11 0.07 0.04 0.4 91 92 46 18 110 
T12 0.06 0.04 0.38 59 59 29 12 71 
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Annex 6 Photos taken from the field and in the laboratory 

 

Photo 1 Egdu Forest 

 

Photo 2 Preparing plant samples taken from the field to put in an oven 


