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Abstract

Carbon stock of Metti Mountain Wechecha Forest, West Oromia, Ethiopia
Tsegaye H/ Michael ,Msc
Addis Ababa University, 2012

The earth's climate is continuously changing due to various factors among which human
induced activities like emissions from deforestation, fossil fuel burning, etc. are the dominant
ones. Responses to this concern have focused on reducing emissions of greenhouse gases,
especially carbon dioxide, and on measuring carbon absorbed by and stored in Forests, soils,
and oceans. One option for slowing the rise of greenhouse gas concentrations in the
atmosphere, and thus possible climate change, is to increase the amount of carbon removed
by and stored in Forests. Forests play an important role in the global carbon balance; as
both carbon sources and sinks, they have the potential to form an important component in
efforts to combat global climate change. In the last few years there has been an increasing
tendency to consider Forest ecosystems as possible sinks of carbon dioxide. In this way, it is
attempted to mitigate the dramatic increase of global emissions of CO2 gas in the
industrialized areas. Aboveground biomass was estimated by using allometric models while
belowground biomass was determined based on the ratio of belowground biomass to
aboveground biomass factors. The liter layer and soil organic carbon were estimated from
the samples taken from the sample plot. Based on the result there were 909 trees in the study
areas with a DBH>5cm. The carbon stock in the different carbon pools were studied by
collecting data in quadrat plots of 10 by 20 m distributed along transect line. The mean total
carbon stock of Metti Forest was found to be 319.2 t/ha (ranging from 230.96 to 581.9 t ha-1),
of which 180.756 (109.7 to 408.2 t ha-1) was contained in the aboveground biomass, 36.15 t
ha-1 (21.94 to 81.65 t ha-1) in belowground biomass, 11.15 (6.14 to 15.69 t ha-1) in litter
carbon and 91.17 t ha-1 (76.18 to 102.79 t ha-1) was stored in soil organic carbon (0-30 cm
depth). The carbon stocks in aboveground biomass, belowground biomass, litter biomass and
soil organic carbon exhibited distinct patterns along environmental gradients (altitude,
aspect and slope gradient). Soil organic carbon stock showed an increasing trend with
increasing altitude while the aboveground, belowground and the litter carbon stock showed
irregular patterns along altitude though statistically there was no strong relationship
between each of these carbon pools and altitudinal gradients. The aboveground carbon and
soil organic carbon in the present study Forest was higher than most tropical dry Forests
and within the range of tropical rain Forests, which imply the significance of Metti Forests of
Ethiopia in the global carbon trade and thus climate change mitigation.

Keywords; Forest, climate change, mitigation, Metti Forest, environmental

gradients
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1 INTRODUCTION

1.1 BACKGROUND

Forests are an integral part of the biological carbon cycle. As a part of the biosphere, Forests

act as an important reservoir for atmospheric carbon. Through the process of photosynthesis,

Forests absorb atmospheric CO₂, water and sunlight to form carbohydrates. The carbon

becomes locked within the plant's biomass for the life of the plant and then eventually

becomes dead organic matter and soil components. Estimates made in 2010 shows there to

be more than 650 billion tons of carbon stocks stored within global Forests, 44% in biomass

(living plant material), 11% in dead and decaying biomass, and 45% in soils (organic carbon

in mineral and organic soils) (FAO, 2010).

About 13 million hectares of Forests continue to be lost every year with far reaching

consequences in terms of carbon emissions, loss of biodiversity and environmental

degradation. Whereas Forests and Forest soils store more than one trillion tonnes of carbon,

current rate of deforestation and Forest degradation is responsible for close to 17.4 percent of

all anthropogenic greenhouse gas emissions, contributing to climate change. Increasingly,

afforestation and reforestation are being promoted as means of climate change mitigation and

adaptation. Forests often are at the nexus of the most pressing issues high on the global

environmental and sustainable development agenda, namely: climate change, biodiversity

loss, poverty eradication, ecosystem management, and environmental governance (UNEP,

2011).

Conserving Forests has become a key weapon in the fight to reduce carbon emissions and

slow climate change. According to the Intergovernmental Panel on Climate Change (IPCC,

1997), deforestation is the cause of approximately 17 per cent of all Greenhouse Gases

(GHG). At current rates of destruction, GHG emissions from deforestation in Brazil and

Indonesia alone would equal approximately 80 per cent of the emissions reductions achieved

under the Kyoto Protocol by 2012 (Santilli et al. 2005). Most Forest nations have encouraged

domestic Forest operations by providing a combination of incentives including free or under-
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valued land rents, grants for harvesting, infrastructure and transport, interest-free loans, tax

breaks and agricultural resettlement programmes (WRI, 1988; OECD, 2002). A number of

international environmental organizations, including The Nature Conservancy and

Conservation International, have used trust and estate laws to encourage gifts and bequests of

land for conservation purposes. Conservation income tax credits and other tax incentives are

also becoming increasingly popular in the United States and Europe (Shine, 2005).

Climate change is described by the United Nations Framework Convention on Climate

Change (UNFCCC, 1997) as an alteration in climate that is directly or indirectly attributed to

human activity, and which modifies the global atmosphere beyond the natural climate

variability observed over comparable time periods. It has been accepted by the global

scientific and political communities that the earth is currently undergoing a period of climate

change.

Data presented by the Intergovernmental Panel on Climate Change (IPCC,1997) have shown

that the 100-year (1906-2005) linear trend has been a 0.07°C (± 0.02°C) warming, while the

linear trend over just the past 50 years has been 0.13°C (± 0.03°C) per decade warming,

almost twice the 100-year trend (IPCC, 2007). Due to the large amount of global emissions

resulting from deforestation and Forest degradation, along with the projected low cost

associated with reducing those emissions, reducing emissions from deforestation and Forest

degradation is seen as a cost effective way to reduce global greenhouse emissions within

developing countries (CARPE, 2012).

Ecosystems make an important contribution to the global carbon budget. This is because of

their potential to sequester carbon in wood and soil but also because of their potential to

release it if Forests are cleared. Many countries and organizations are cautious about

promoting carbon sequestration as a means of reducing atmospheric carbon dioxide. The size

of the potential gains is uncertain and the accounting procedures complicated. Moreover,

there is a limit to the amount of carbon that woodland can sequester, and there is a risk that

the sequestered could be released – through, for example, felling, Forest fires or outbreaks of

pests and diseases, as stated by Great Britain Forest Commission (GBFC, 2012).Humans

change the size of carbon pools and alter the flow of carbon between them through Forest

management. Forests can become atmospheric carbon sinks during re-growth and can be

managed to alter their role in the carbon cycle. Local Forest management for carbon
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sequestration could mitigate emission of carbon as CO2 by an amount equivalent to 11 to 15

percent of fossil fuel emissions (Brown et al. 1996).

Reducing carbon emissions caused by deforestation and Forest degradation in developing

countries (REDD) is seen by many as a potentially promising approach in the battle to

combat climate change. If the REDD initiative succeeds, it will not only mitigate climate

change but also reduce the rate of Forest and biodiversity loss while at the same time

providing Forest-dependent communities with alternative sources of income. On a broader

level, it will result in developing countries being paid to conserve and sustainably manage

large areas of their Forests for the benefit of mankind (UNEP, 2011).

As indicated in the REED+, 98% of investors recognize the importance of standardized

impact metrics for their investment decision making. However ,to date non of such metrics

adapted to the Forestry context were available .consequently ,Forestry is underrepresented as

an asset class in large investment portfolios (Glauner,2011) due to the absence of widely

accepted Forest valuation standards including performance assessment methods .investors

and loan officers feel impeded to allocate capital into this nontransparent market. To unleash

more investments into the sustainable Forestry sector, globally accepted standards need to be

developed to measure, evaluate and report on the Forest project performance.

1.2 Statement of the Problem

Forests play a vital role in the global carbon cycle. Forests absorb carbon through

photosynthesis and sequester it as biomass, thus creating a natural storage of carbon. A

carbon ‘sink’ is formed in the Forest when the uptake of carbon is higher than the release.

Carbon stocks in Forest areas comprise carbon in living and dead organic matter both above

and belowground including trees, the understory, dead wood, litter and soil. On a global scale,

vegetation and soils are estimated to trap 2.6 gigatonnes (Gt) of carbon annually (UNEP,

2011). Yet there are still many uncertainties about the workings of the carbon cycle: the

Intergovernmental Panel on Climate Change (IPCC, 2007) estimates that the amount of

carbon absorbed in the soil and vegetation amounts to anything between 0.9 and 4.3 Gt

annually.
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The loss of Forests results in the loss of all the resources – such as timber, fuel wood and

non-wood Forest products – and services – such as conservation of soil, water and biological

diversity – that a Forest provides. Loss of Forest also means that the vital role the Forest

plays in carbon storage and sequestration is no longer possible. Removing Forests not only

means the loss of this carbon carrying capacity but also frequently means that large amounts

of greenhouse gas are suddenly released into the atmosphere through wood burning and

clearance activities, compounding climate change problems(UNEP, 2011).

According to Natural Resources Canada (NRC, 2007) globally, Forests are the largest store

of terrestrial carbon, with more carbon contained in biomass (living trees and other plants),

dead organic matter (deadwood, leaves), and soil than is contained in the atmosphere. Other

ecosystems, such as grasslands and wetlands, are also significant carbon sinks. In most

ecosystems, the majority of the carbon is stored belowground as roots and decaying biomass

or as organic carbon in the soil. The factors that determine whether a Forest is maintained as

a carbon sink or as a source include vegetation changes, nutrient cycling, soil composition,

rainfall patterns, wildfires, evaporation rates, and the interactions between them (FAO,2005).

Over the last few years, two closely related key environmental issues have been at the top of

the environmental agenda: climate change and deforestation. Deforestation has immediate

consequences in terms of increased carbon emissions and loss of biological diversity.

Planting trees is often the quickest and most effective way of producing new biomass, thus

helping to offset the loss of carbon resulting from deforestation or Forest degradation on

another plot of land. Investing in new carbon stocks has great potential to make a significant,

fast and measurable impact on climate change without requiring sweeping changes in policies,

cultures or national economies. Several developing countries, have demonstrated that major

investments in planted Forests can reverse the trend towards deforestation and result in a net

increase in Forest area (UNEP, 2011)

The annual exchange of carbon between Forests and the atmosphere, and the amounts of

carbon stored in Forests, varies widely with the nature of Forest cover. With land use and

management, and with climatic constraints, most research showed that management of

Forests can significantly increase the long-term sequestration of atmospheric CO2.
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Slowing deforestation, combined with an increase in afforestation and other management

measures to improve Forest ecosystem productivity, could conserve or sequester significant

quantities of Carbon. Future Forest carbon cycling trends attributable to losses and re-growth

associated with global climate and land-use change are uncertain (Dixon et al, 1999). Model

projections and field experiments suggest that Forests could be carbon sinks or sources in the

future (Dixon et al, 1994).

Different options have been developed as an attempt to confront and begin to reverse the

rising CO2 concentrations, especially after the ratification of Kyoto Protocol of the UNFCCC.

These includes enhancement of both the natural and deliberate way of sequestering carbon to

decrease the net flux of CO2 to the atmosphere in different carbon pools (oceans, vegetation,

soils, and porous rock formations) (Sundquistet al., 2008). Forests are a current focus for

action since they play an important role in mitigating climate change by naturally taking

carbon out of the atmosphere.

Forest preservation maintains carbon storage and Forest management that increases carbon

sequestration can augment Forests’ natural carbon storage capacity. Due to its close

proximity to Addis Ababa Mount Wechecha Forest has a long history of exploitation and

reforestation, as early as the fifteenth century the Forest was degraded and then replanted

with Juniperus procera on the orders of emperor ZeraYakob. In the 1900s, large scale

removal of wood for fuel and construction was noted, with logging continuing until 1955.

Since 1991 local people have increasingly exploited the Forest. Uncontrolled felling of tree

continues unabated and is of major concern for the conservation of the Forest (Bird life

international, 2012).

Like many of developing countries, Ethiopia does not have carbon inventories and data bank

to monitor and enhance carbon sequestration potential of different Forests. Only small efforts

have been made so far to assess the biomass and soil carbon sequestration at micro-level

(MesfinSahile, 2011). Even though this study only covers very small area looking from the

Ethiopian Forest coverage and only small sample areas of the study area, this study plays an

important role to estimate the carbon sequestration potential of Mount Metti Forest at

different altitudinal gradient and to asses’ environmental factors on Forest carbon stocks. And

it is intended to serve as a reference source to support policy makers and research’s related to

Forests carbon stocks. In addition, it hoped that some of the ideas will stimulate debate and
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lead to innovative approaches that would help move our country economy in a greener

direction.

1.3 OBJECTIVES

1.3.1 General objective

 The overall objective of this study was to determine the Forest carbon stocks and to

estimate the carbon sequestration potential of Mount METI Forest along altitudinal

gradient by assessing above and belowground biomass, dead litter, dead wood and

soil carbon so as to enhance the management of Forest for carbon sinks.

1.3.2 Specific Objectives

 To determine carbon pools and fluxes in Metti Forest,

 To estimate carbon sequestered in above and belowground biomass,

 To estimate carbon sequestered in dead litter and dead wood,

 To estimate carbon sequestered in soil, and

 To determine the effect of environmental variation on carbon sequestration.
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1.4. Review of Related Literature

1.4.1. Global Climate Change and Greenhouse Gases

Climate change occurs due to natural causes or as result of human activity (IPCC, 2007b). It

is either global warming or global cooling. The impacts of climate change may be physical,

ecological, social or economic. Indicators of global warming include the instrumental

temperature record, rising sea levels, and decreased snow cover in the Northern Hemisphere

(IPCC, 2007a). According to IPCC (2007b), most of the observed increased in global average

temperatures since the mid 20th century is a result of human activities such as fossil fuel

burning and deforestation. Human actions are fundamentally, and, to a significant extent

irreversibly, changing the diversity of life on Earth. Most ecosystems and the biodiversity

contained within them have become exposed to multiple pressures, such as habitat

destruction, pollution, overexploitation and climate change. In 2005, the Millennium

Ecosystem Assessment illustrated the severe global impacts that our lifestyles have had over

the last 50 years on ecosystems and their ability to deliver the goods and services on which

societies and economies depend.

Climate change already has a measurable impact on many natural and human systems. For

instance, it is increasingly being observed that snow and ice are melting and frozen ground is

thawing, hydrological and biological systems are changing and in some cases being disrupted,

migrations are starting earlier, and species geographic ranges are shifting towards the poles.

Over the course of the 21st century, many impacts are expected to occur in natural systems.

For instance, changes in precipitation and the melting of ice and snow are expected to

increase flood risks in some areas while causing droughts in others. If there is significant

warming, the capacity of ecosystems to adapt will be exceeded, with consequences such as an

increased risk of extinction of species. Mitigation measures that aim to reduce greenhouse gas

emissions can help to avoid reduce or delay impacts of climate change (Green Facts, 2007).

Indicators can reflect a pressure or impact, even though strictly speaking

they are state indicators. An example in the set is the indicator on
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occurrence of 'temperature sensitive species' included under the headline

'impact of climate change on biodiversity'. An improved indicator for the

impact of climate change on biodiversity would measure abundance of

specific sensitive species, thus showing an impact on healthy systems

caused by climate change. For climate change impact, further

development of the proposed indicator is also required in order to for

example extend geographical coverage, address other changes in

distribution, and be clearer about actual effects on biodiversity (EEA,

1999).

1.4.2. Global Carbon Cycle and its Importance

Through processes of respiration and through the decay of organic matter or burning of

biomass, Forests release carbon. A carbon ‘sink’ is formed in the Forest when the uptake of

carbon is higher than the release. As extensive experimental research has shown, the

increasing atmospheric CO2 concentration stimulates the process of photosynthesis and

consequently plant growth. The extent of this stimulation varies according to different

estimates, being larger for Forest (up to 60 percent) and smaller for pastures and crops (about

14 percent). Current scientific evidence suggests that managed and mature old growth Forests

act as active carbon sinks, sequestering carbon at rates of up to 6 t ha-1 year-1 (for boreal and

temperate Forests) (Malhi and Grace, 2000; Fearnside and Laurance, 2003 and 2004;

Houghton 2005).

Carbon stocks in land based ecosystems are distributed irregularly between tropical and

northern latitudes but are mostly concentrated in Forest ecosystems and wetlands. Recent

research suggests tropical Forests play an even more important role in absorbing carbon than

previously thought, taking up 1 Gt of carbon every year, or about 40 per cent of the total for

land based absorption (Britton et al. 2007). The conversion of Forested to non-Forested areas

in developing countries has had a significant impact on the accumulation of greenhouse gases
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in the atmosphere, as has Forest degradation caused by over-exploitation of Forests for timber

and wood fuel and intense grazing that can reduce Forest regeneration

1.4.3. Meaning of Carbon Sequestration

Forests can act as sink through the process of trees growth and resultant biological carbon

sequestration. Thus, increasing the amount of trees can potentially slow the accumulation of

atmospheric carbon (Brown, 2002; Fearnside and Laurance, 2003 and 2004; Houghton, 2005).

During productive season, carbon dioxide from the atmosphere is taken up by vegetation and

stored as plant biomass (Losiet al., 2003; Phatet al., 2004). However, when Forests are

cleared or degraded, their stored carbon is released into the atmosphere as carbon dioxide

(Malhi and Grace, 2000; Fearnside and Houghton 2005).

Carbon sequestration is a way to reduce GHGs emissions. Sequestration activities can help

prevent global climate change by enhancing carbon storage in trees and soils, preserving

existing tree and soil carbon, and by reducing emissions of GHGs (Earth watch, 2007;

Sundquist et al., 2008). It complements two other major approaches for GHG reduction,

namely improving energy efficiency and increasing use of non-carbon energy sources. There

are two types of carbon sequestration, namely natural and artificial carbon sequestration

(Sundquist et al., 2008). The natural carbon sequestration is the process by which nature has

achieved a balance of CO2 in the atmosphere suitable for sustaining life. Nature provided

trees, the oceans, earth and the animals themselves as carbon sinks, or sponges and all used as

a way of removing CO2 otherwise the surface of the planet would rapidly overheat (Herzog,

2001; Sundquist et al., 2008).

1.4.4. Role of Forest and Forest product in Carbon Sequestration

Forests play a key role in maintaining a wide range of delicate relationships with nature and

its ecosystems. Impacts on the well being of Forests likely to be caused by climate change

will therefore have a dramatic effect. For example, according to the latest projections,

changes in climate will mean that by 2050 the world’s ecosystems, including its all important

Forests, will be releasing more carbon than they are capable of absorbing. Carbon stocks in
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land based ecosystems are distributed irregularly between tropical and northern latitudes but

are mostly concentrated in Forest ecosystems and wetlands (FAO, 2005).

In recent times, the rate of deforestation around the globe has increased dramatically. The

Food and Agriculture Organization of the United Nations (FAO, 2005) , estimates that about

13 million hectares, an area roughly equivalent to the size of Greece, of the world’s Forests

are cut down and converted to other land uses every year. At the same time, planting of trees

has resulted in new Forests being established while in other areas Forests have expanded on

to abandoned agricultural land through natural regeneration, thus reducing the net loss of total

Forest area. In the period 1990-2000, the world is estimated to have suffered a net loss of 8.9

million hectares of Forest each year, but in the period 2000-2005 this was reduced to an

estimated 7.3 million hectares per year – or an area about the size of Sierra Leone or Panama

(FAO, 2005). In broader terms, this means that the world lost about 3 per cent of its Forests

in the period 1990 to 2005; at present we are losing about 200 square kilometers of Forest

each day.

Forests sequester and store more carbon than any other terrestrial ecosystem and are an

important natural ‘brake’ on climate change. When Forests are cleared or degraded, their

stored carbon is released into the atmosphere as carbon dioxide (CO2). Tropical deforestation

is estimated to have released of the order of 1–2 billion tonnes of carbon per year during the

1990s, roughly 15–25% of annual global greenhouse gas emissions (Malhi and Grace, 2000;

Houghton, 2005). The largest source of greenhouse gas emissions in most tropical countries

is from deforestation and Forest degradation.

In Africa, for example, deforestation accounts for nearly 70% of total emissions (FAO, 2005).

Moreover, clearing tropical Forests also destroys globally important carbon sinks that are

currently sequestering CO2 from the atmosphere and are critical to future climate stabilization

(Stephens et al., 2007).

1.4.5. Carbon Sequestration in Different Ecosystem

Human actions are fundamentally, and, to a significant extent irreversibly, changing the

diversity of life on Earth. Most ecosystems and the biodiversity contained within them have

become exposed to multiple pressures, such as habitat destruction, pollution, overexploitation
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and climate change. In 2005, the Millennium Ecosystem Assessment illustrated the severe

global impacts that our lifestyles have had over the last 50 years on ecosystems and their

ability to deliver the goods and services on which societies and economies depend (EEA,

2010).

The main carbon pools in tropical Forest ecosystems are the living biomass of trees and

understory vegetation and the dead mass of litter, woody debris and soil organic matter. The

carbon stored in the aboveground living biomass of trees is typically the largest pool and the

most directly impacted by deforestation and degradation. Thus, estimating aboveground

Forest biomass carbon is the most critical step in quantifying carbon stocks and fluxes from

tropical Forests, and the focus of this paper. Measurement protocols for other carbon pools

are described elsewhere (e.g. Post et al., 1999, Brown and Masera 2003, Pearson et al 2005a,

IPCC 2006).

1.4.6. The Kyoto protocol and Forest Carbon stocks

Under the United Nations Framework Convention on Climate Change, the Kyoto Protocol

was adopted in 1997 with the objective of setting targets to reduce greenhouse gases that

cause climate change. During the first Kyoto commitment period (2008-2012), tree plantation

projects were considered eligible for carbon credits under the Clean Development

Mechanism (CDM), whereas sustainable Forest management was excluded from the CDM

for a number of political, practical and ethical reasons (Griffiths, 2007). Through its loan

policies and programmes, the World Bank has also played a significant role in Forest

conservation. In 2005 the World Bank announced it would extend its partnership with the

World Wildlife Fund (WWF) in the Alliance for Forest Conservation and Sustainable Use

(Forest Alliance).

In 2005, the Forest Alliance agreed to devote resources to reducing deforestation by 10 per

cent by 2010 (WWF 2005). At the same time the World Bank has also been strongly

criticized for funding Forest projects that contribute to deforestation (RainForest Foundation

2005; The Ecologist, 2007). Conserving Forests has become a key weapon in the fight to

reduce carbon emissions and slow climate change. According to the Intergovernmental Panel

on Climate Change (IPCC), deforestation is the cause of approximately 17 per cent of all
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greenhouse gases (GHG). At current rates of destruction, GHG emissions from deforestation

in Brazil and Indonesia alone would equal approximately 80per cent of the emissions

reductions achieved under the Kyoto Protocol by 2012 (Santilli et al.,2005).

1.4.7. An Overview of Carbon Market

Despite the importance of avoiding deforestation and associated emissions, developing

countries have had few economic or policy incentives to reduce emissions from land use

change (Santilliet al., 2005).

‘Avoided deforestation’ projects were excluded from the 2008–2012 first commitment period

of the Kyoto Protocol because of concerns about diluting fossil fuel reductions, sovereignty

and methods to measure emissions reductions (Niles, 2002). More recently, the importance of

including emissions reductions from tropical deforestation in future climate change policy

has grown. The United Nations Framework Convention on Climate Change recently agreed

to study and consider a new initiative, led by Forest-rich developing countries, that calls for

economic incentives to help facilitate reductions in emissions from deforestation in

developing countries (REDD) (UNFCCC, 1997).

The REDD concept is—at its core—a proposal to provide financial incentives to help

developing countries voluntarily reduce national deforestation rates and associated carbon

emissions below a baseline (based either on a historical reference case or future projection).

Countries that demonstrate emissions reductions may be able to sell those carbon credits on

the international carbon market or elsewhere. These emissions reductions could

simultaneously combat climate change, conserve biodiversity and protect other ecosystem

goods and services (REED, 2009).
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A number of REDD initiatives were announced during the UNFCCC conference. The World

Bank launched its US$250 million Forest Carbon Partnership Facility, aimed at building

capacity for REDD in developing countries and pioneering on a relatively small scale,

performance-based incentive payments in pilot countries. The government of Norway also

announced its intention to allocate US$2.7 billion over five years to prevent deforestation and

reduce CO2 emissions in developing countries. Norway subsequently announced its first

partnership under this initiative with Tanzania (FERN, 2008).

Creating an effective REDD implementation mechanism will be politically and technically

complex. One question still not answered is whether carbon market trading is the best way to

avoid further deforestation. Concerns have also been raised over whether the REDD regime

can be implemented where there is inadequate governance, and there is concern that efforts to

conserve Forests might ignore community rights, in some cases resulting in displacement of

Forest inhabitants (FERN, 2008).

In addition, REDD faces a number of significant technical challenges, including the

establishment of effective programmes, accurately assessing Forest carbon emissions and

setting equitable reference emission levels. Concerns also exist regarding costs for measuring

and monitoring deforestation and Forest degradation, establishing what is and what is not

permanent Forest and on the issue of leakage – the possibility that Forest protection zones

will displace rather than eliminate deforestation (REED, 2009).

1.4.8. Methods of Measuring Carbon stock in Different Pools

The IPCC recognizes that tradeoffs exist and so presents a multi-tiered approach to emissions

accounting. Three levels of detail with differing mathematical specification of methods,

information requirements and sources of activity data are offered to estimate net emissions.

Generally, Tier 1 reporting requires very little primary data collection to generate estimates of

Forest biomass. IPCC guidance reports a number of parameters and emission factors that can

be applied, based on region-specific climate and vegetation data. With the use of such default

parameters, the uncertainty in accuracy is inevitably large; furthermore, not all carbon pools
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and GHGs are accounted for. Tier 2 also utilizes default Forest biomass information, but in

combination with country-specific data. Tier 3 uses highly detailed localized data, often with

repeated measures of permanent Forest sample plots (IPCC, 2006).

With the young scrub stratum containing a high proportion of smaller stems of regenerating

trees, it is possible that the decision to exclude stems less than 5 cm in diameter has meant the

biomass and carbon could be considerably higher than currently assessed, to a point that it

would exceed the upper tc/ha range of young scrub. It is possible that if the factors that

caused the Forest degradation ceased, young scrub could restore itself to Forest with much

higher carbon values and thus become HCS. Further study on this would be required to

determine if this is a realistic scenario and how best to factor this potentially regenerated

Forest and carbon into the methodology. (Ata Marie, 2011)

A tree’s biomass is estimated from its DBH by using a generic allometric for Tropical Moist

Forests (Brown 1997), where

Biomass = 42.69 - 12.800*DBH + 1.242*DBH2

This equation is developed from multiple sources, using trees with DBH between 5 cm and

148 cm, Brown, 1997). This is not a locally developed allometric equation but the data set

behind it does include a large number of trees and thus we assume it would serve our needs.

The use of more general equations developed for tropical moist Forests is common practice

(e.g. Pearson et al 2005).

To calculate the amount of carbon per plot, we used a carbon conversion factor of 0.47 (IPCC,

2006) and converted kilograms of biomass to tonnes of molecular carbon per tree. After the

tree carbon weight was summed for each plot, we calculated the amount of carbon per plot

which we then extrapolated to a per hectare figure basis and expressed as tonnes per hectare.

1.4.8.1. Measuring Aboveground Biomass
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The most direct way to quantify the carbon stored in aboveground living Forest biomass

(hereafter referred to as Forest carbon stocks) is to harvest all trees in a known area, dry them

and weigh the biomass. The dry biomass can be converted to carbon content by taking half of

the biomass weight (Westlake, 1966). While this method is accurate for a particular location,

it is prohibitively time-consuming, expensive, destructive and impractical for country-level

analyses.

No methodology can yet directly measure Forest carbon stocks across a landscape.

Consequently, much effort has gone into developing tools and models that can ‘scale up’ or

extrapolate destructive harvest data points to larger scales based on proxies measured in the

field or from remote sensing instruments (Brown et al, 1989; 1993;Waringet al.,1995; Brown,

1997; Chaveet al.,2005; Saatchi et al.,2007). Most previous work has focused on project-

level, or single-area approaches (e.g. MacDicken 1997; Brown and Masera 2003; Pearson et

al., 2005a). At the national level, the Intergovernmental Panel on Climate Change (IPCC) has

produced a set of guidelines for estimating greenhouse gas inventories at different tiers of

quality, ranging from Tier 1 (simplest to use; globally available data) up to Tier 3 (high

resolution methods specific for each country and repeated through time) (Penman et al.,2003;

IPCC, 2006)

There are four different sources of uncertainty associated with AGB estimates of tropical

Forests: inaccurate measurements of variables, including instrument and calibration errors,

wrong allometric models, sampling uncertainty (related to the size of the study sample area

and the sampling design) and poor representativeness of the sampling network. All these lead

to inaccurate result and thus should be taken into account from the beginning (Kanamaruet al;

2010).

1.4.8.2. Measuring Belowground Biomass

The BGB carbon pool consists of the biomass contained within live roots. As with AGB,

although less data exists, regression equations from root biomass data have been formulated

which predict root biomass based on above-ground biomass carbon (Cairns et al., 1997;

Brown, 2002). According to 160 studies covering tropical, temperate and boreal Forests and

find a mean root-to-shoot ratio of 0.26, ranging between 0.18 and 0.30. Although roots are

believed to, depends on climate and soil characteristics (Brown & Lugo, 1982). Studies found
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that root-to-shoot ratios were constant between latitude (tropical, temperate and boreal), soil

texture (fine, medium and coarse), and tree-type (angiosperm and gymnosperm) (Cairns et a;.

1997).

1.4.8.3. Measuring Carbon in Dead Litter

Litter defined as dead surface plant material that is still recognizable and is not decomposed

to the point that identification is impossible to define and includes, dead leaves, twigs, dead

grasses, small branches (less than the minimum diameter used to define coarse woody debris-

normally 10cm) (Watson 2008). The dead litter carbon pool consists of all non-living

biomass with greater than the limit for soil organic matter (SOM) i.e. 2mm to 10cm diameter

and contains the biomass in various states of decomposition prior to complete fragmentation

and decomposition where it is transformed to SOM. As a result, litter is generally

distinguished from SOM by its low degree of decomposition or fragmentation (MacDicken

1997)

1.4.8.4. Measuring Soil Organic Carbon

According different soil carbon and soil carbon dynamics study results showed that, soil

organic carbon is influenced through land use and management activities that affect the litter

input, and soil organic matter output rates (IPCC, 2006). In soil carbon accounting, factors

affecting the estimates include the depth to which carbon is accounted, commonly 30 cm, and

the time lag until the equilibrium stock is reached after a land use change, commonly 20

years.

In addition Forest management impacts on soil carbon are highly variable; this is due to large

differences in carbon impact, dependent on the area-specific ratio of mineral to organic soil

types, uncertain carbon impacts of soil erosion, and long time periods of adjustment after land

use changes (IPCC, 2006). Land-use and soil-management practices can significantly

influence soil organic carbon (SOC) dynamics and carbon flux from the soil (Post et al.,

1990). Spatially distributed estimates of SOC pools and flux are important requirements for

understanding the role of soils in the global carbon cycle and for assessing potential

biosphere responses to climatic change or variation (Schimel et al., 2000).
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1.4.8.5 Dead wood biomass

The dead wood carbon pool includes all non-living woody biomass, including standing and

fallen trees, roots and stumps with diameter over 10cm often ignored, or assumed in

equilibrium, this carbon pool can contain 10-20% of that in the AGB pool in mature Forest.

However, in immature Forests and plantations both standing and fallen dead wood are likely

to be insignificant in the first 30-60 years of establishment (Delaney et al., 1998). The

primary method for assessing the carbon stock in the dead wood pool is to sample and assess

the wet-to-dry weight ratio, with large pieces of dead measured volumetrically as cylinders

and converted to biomass on the basis of wood density, and standing trees measured as live

trees but adjusted for losses in branches <20% and leaves <2-3% (MacDicken, 1997).

Methods to establish the ratio of living to dead biomass are under investigation, but data are

limited on the decline of wood density as a result of decay (Brown, 2002).
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CHAPTER-TWO

2. Materials and Methods

2.1 Description of the Study Area

2.1.1 Geographical Location

Metti Forest is located about 45 km southwest of Addis Ababa. It is found between 38o30‘and

45o 12’and 45° 20‘East and 8o56‘and 9o1‘North in the West Shewa Administrative Zone of

Wolemera district, Central Ethiopia. In Mount Wechecha there are a number of mountains

like Cheleleka, Warabdicha, Damota, Lemmi, Metti, Kulkule, Lafa etc Damota is the tallest

mountain near and around Addis Ababa .The Forest contains a number of fauna and flora

species. The peak of the area reaches up to3385 m above sea level (BirdLife International,
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2012).

Figure 1 Map of Ethiopia showing Regions and the study area

2.1.2 Topography

The topography of Wechecha Forest is characterized by dissected island plateau surrounded

by leveled farmlands in all direction. Mount Wechecha is a massive extinct volcano. The

mountainsides are generally steep with ravines cut by streams and rivers; the southern base of

the mountain is at 2200m and flanks the Becho plains (BirdLife International, 2012).As

moving across the altitude, the middle of the Forest has high cliffs and escarpments while the

upper and the lower regions have leveled parts that contain most of the species of the Forest.

Metti Forest is one of the Mount Wechecha Forest patches and this study area is ranged

between altitudes 2614 up to 2736 meter above sea level.

2.1.3 Geology



31

The area is part of the fairly well preserved volcanic dome of Mt. Wechecha which covers an

area approximately 100 km2 and culminates in a broad, flat northern summit at about 3,350 m

and a sharp southern peak (3000 m). Mt. Wechecha is an extinct volcano; it has a very

complex tectonic setting, being situated where the western margin of the Ethiopian rift is

topographically barely defined. The rock types vary from a white, coarsely porphyritic

trachyte forming the Wechecha summit to an extensive series of pale to dark green or green

trachytes, often porphyritic with feldspar phenoocrysts. The Wechecha lavas have yielded an

average age of 4.5-4.6 million years, which is about the last phase of volcanic activity in the

upper Pliocene (Miller and Mohr, 1966).

2.1.4 Climate

There is no metrological station in Metti Forest. But there are two station i.e. Addis Ababa

and Sebeta town nearest to the Forest. The altitude of the lower part of the Forest has a

similarity with Sebeta‘s town altitude which is only 10 km away from the Forest. The annual

rainfall of the Sebeta station in the last 30 years in every decades indicate that it had 950-

1050 mm. Addis Ababa, which has 2500m average elevation had area has annual rainfall of

the last 30 years of four decades was between 1200 to 1350 mm (figure 2.2). Metti Forest is

found within altitude range from 2612 m in the lower part to 2736 m in highest peak

(Appendix 3). From this two station data, the annual rainfall in the Forest area is between 900

mm and 1500 mm. The small rains fall on April and May and the high rains from June to

September, with the higher concentration in July and August. April to September comprises

the wet season and November to March the dry season.
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Figure 2 Monthly rainfall trends of Sebeta station

The average temperature of Addis Ababa is 17°C. Employing a temperature lapse rate of 1°C

for each 180 m increase in altitude (Fantoli, 1965; Sebesibe Demissew, 1988), the mean

annual temperature would be 18°C in the lower part at 2300 m and 15°C in the highest

altitude. Therefore, the areas temperature ranges from 15°C to 18°C, with a mean of 16.5°C

2.2 Data Type

Both primary and secondary data were used in order to collect the relevant data to achieve the

objectives of the study. The sources of primary data were obtained through field

measurement to estimate carbon stock of the study area. Secondary data relevant to this study

were collected from different resources including published and unpublished materials, books,

journals, articles, reports, and electronic web areas.

2.3 Vegetation

In Mount Metti Juniperus procera, Pinus Radiatta, Hagenia abyssinica, Cupressus lustanica,
Eucalyptus gobulus, are the species dominating the Forest under the study. Juniperus procera,



33

Pinus radiate, Pinus patula, Podocarpus falactus, Eucalyptus gobulus and Cupressus
lusitanica are the dominant species at the higher altitudes.

During past times the Forest was highly exploited mainly during the period of political

instability (during 1991) when local communities and residents of nearby towns exploited the

Forest extensively and thus the Forest has experienced long and intensive deforestation,

exploitation and reforestation. However, the current practice of management system of the

Forest seems improving the Forest condition. Metti Forest near and close to Menagesha Suba

State Forest administration and it’s protected by enough number of employed guards. There

are planted species as a result of plantation activities at the peak and in most of open areas

bordering the Forest.Juniperus procera, Cupressus lusitanica, Acacia abyssinica and

Eucalyptus gobulus are the planted species found in the study area.

2.4 Methodology

The methodology and procedures used to estimate carbon stocks were simple step-by-step

procedures using standard carbon inventory principles and techniques. Procedures were based

on data collection and analysis of carbon accumulating in the above-ground biomass; below-

ground biomass, leaf litter, dead wood and soil carbon of Forests using verifiable modern

methods. As indicated in Pearson et al. (2005), the followings are the steps to be followed in

Forest carbon measurement during the field data collection. Each activity is discussed in

detail in the subsequent paragraphs.

2.4.1 Delineation of Project Boundaries

The first step in Forest carbon measurement is delineation of the project boundaries (Bhishma

et al., 2010). The spatial boundaries of the study area were clearly defined and properly

recognized to facilitate accurate measuring, accounting and verification. 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.

However, for this study GPS tracking was used for boundary delineation.
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2.4.2 Stratification of the Study Area

In order to increase the accuracy and precision of measuring and estimating carbon, it is

useful to divide the project area into sub-populations or “strata” that form relatively

homogenous units. In addition, stratification also decreases the costs of monitoring because it

typically diminishes the sampling efforts necessary, while maintaining the same level of

confidence. A stratified sampling design also allocates a greater number of plots in strata that

have greater variability (Pearson et al., 2005). From different criteria for stratification,

altitude was used in this study. This is because the study area has an altitudinal variation

which helps to determine the relationship between environmental gradient and Forest carbon

stock. Therefore, the study area was stratified in to three zones (bottom, middle and top) of

the mountain depending on the altitudinal difference.

2.4.3 Pilot Inventory for Variance Estimation

Preliminary inventory should be completed so as to estimate the variation of the carbon

stocks in each Forest stratum and to provide a basis for calculating the number of permanent

plots required for the inventory (MacDicken, 1997). This was carried out by laying 2 to 5

rectangular plots randomly in each Forest layer of the project boundaries. In order to cover

the natural variability present with in different Forest blocks and /or stratum random selection

were carried out. Therefore, all trees above and equal to 5 cm in diameter at breast height

(DBH) within sample plots were measured and recorded on the data sheet.

2.4.4 Type and Number of Measurement Plots

Sampling Techniques

The transect approach was applied for vegetation sampling. A transect is a line along which

samples of vegetation were taken. It was set up deliberately across areas where there are rapid

changes in vegetation and marked environmental gradients following Kent and Coker, (1992).

Sampling areas from the Forest were arranged along the line transects from the peak of the

mountain to all directions covering the whole range of altitude. The transect lines were laid at

an interval from the bottom, middle of the mountain and at the top. These lines radiate from

the bottom of the mountain to a number of directions and each of them have different number

of plots depending on the length of transect. Plots of 10m x 20 m (200 m2) were placed at 40
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m altitudinal drop between each plot. Transects were placed on the ground using the GPS

navigation system.

Shape and Size of the Plots

Both rectangular and circular plots were applied in most of the Forest carbon measurements,

but rectangular sampling was more advantageous and recommended for the study area. This

is because rectangular plots tend to include more of within-plot heterogeneity, and thus be

more representative than the circular plots of the same area (Hairiahet al., 2001; Brown,

1997).

In this study, a quadrat plot size of 10m x 20 m (200 m2) was used for vegetation sampling.

In each plot, trees with a DBH of ≥ 5 cm were measured for DBH and height. A total of forty

plots were laid to sample the vegetation. The spatial distributions of the plots are shown in

Appendix 1. In order to eliminate any influence of the edge effects on the Forest biomass, all

the plots were laid at least 100 m away from each other.

2.5 Field Measurements

2.5.1 Vegetation Data Collection and Identification

The DBH and height of all trees having diameter ≥ 5 cmin study area were measured as

follows: Diameter (at 1.3 m above the ground unless there is abnormality) of all living trees

(woody plants) were measured using diameter tape. Trees with multiple stems at 1.3 m height

were treated as a single individual and DBH of the largest stem was taken. A canker, gall or

branched trees at 1.3 m were measured the smallest point below it where the stem assumes

near cylindrical shape. Trees with multiple stems or fork below 1.3 m height were treated as a

single individual, with identification code placed on. Trees on a slope area were measured on

the uphill side, while the heights, crown height and basal height of all tree species were

measured using Haga hypsometer in the position were possible to observe the tip of the trees.

The areas of the Forests patches of each study area were determined from the coordinates

collected using Garmin etrex venture HC-Taiwan 2007, with precision level of 7/8 m.
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2.5.2 Species identification

The estimations of above and belowground carbon depend on the aboveground biomass of

living trees. To estimate the aboveground biomass of all trees having DBH ≥ 5 cm were

identified and recorded. Plant identification was done in the field by using Flora of Ethiopia

and Eritrea volume and Useful trees and shrubs for Ethiopia (Azene Bekele, 1993). For those

species difficult to identify in the field, fresh specimens were collected, pressed and dried

properly for identification at the National Herbarium of Addis Ababa University.

2.5.3 Field Carbon Stock Measurement

The major activities of carbon measurement during the field data collection was above-

ground tree biomass, below-ground biomass, leaf litter, dead wood and soil organic carbon

measurements. Detailed methods are explained under the following sub-headings.

Aboveground Tree Biomass (AGTB)

The DBH (at 1.3m) and height of individual trees greater than or equal to 5cm DBH were

measured in each rectangular plot that is 200 m2in radius using Haga hypsometer, diameter

tape and linear tape, starting from the edge and working inwards, and marking each tree to

prevent accidentally counting . Each tree was recorded individually, together with its species

name and ID.

Trees on the border were included when > 50% of their basal area falls within the plot and

excluded when < 50% of their basal area falls outside the plot. In addition, trees overhanging

into the plot were excluded, but trees with their trunks inside the sampling plot and branches

outside were included following Karky and Banskota,( 2007) and MacDicken (1997).
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Leaf Litter

The leaf litter is defined as all dead organic surface material on top of the mineral soil. Dead

wood with a diameter of between 0.2 -10 cm were included in the litter layer (Pearson et al.,

2005).

A quadrat with a size of 1 m × 1 m was used to sample litter. In each large quadrali a total of

four quadrats were laid. The litter sample was collected from sub-quadrats of 1 m × 1 m

along diagonal from one corner to the other of each quadrat. From each quadrat, four samples

were taken. Over all, sixteen samples were taken from each area. All litter samples in the sub

quadrat were collected manually. Each sample was measured for wet weight while 100 gm

subsample was taken from each sample for laboratory analysis.

Litter samples were collected in the same sub plots for soil. Four rectangular sub plot of 1

square meter in size was established at the center of each plot. All the litter (dead leaves,

twigs) within the 1m2 subplots were collected and weighed. About 100 gm of evenly mixed

sub-samples were taken to the JIJE LABOGLASS laboratory to determine oven dry mass

from which total dry mass was calculated.

Dead Wood

In most cases dead wood is less abundant than live trees. Standing dead trees, fallen stems,

and fallen branches with a DBH and/or diameter ≥ 5 cm were measured within the whole 200

m2 plot, branches with diameters of 2-4 cm were measured within the 100 m2 plots, and

thinner branches were measured within the 1 m2 plot. The amount of biomass found in dead

wood was measured according to the types of dead wood following Bhishmaet al., (2010).

Standing Dead Wood

Standing dead trees are important carbon sinks and also carbon sources which need to be

accounted for. Thus, within plots delineated for live trees, standing dead trees were also

measured.

DBH of a stump taller than 1.3 m was measured in the same way as standing dead trees. The

DBH of standing dead trees less than 1.3 m tall, the diameter was measured as close as

possible to the top. In addition, the height of the stump and the state of the dead wood was

recorded using the data sheet following Pearson et al., (2005).
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Soil Organic Carbon (SOC)

Soil samples were collected from the five sub-plots used for litter collection. A 30 cm soil

probe was used to collect the soil samples. Samples were collected using a 30 cm depth core

sampler with a diameter of 5 cm. All samples were placed in paper bags with appropriate

label. Five equal weights of each sample from each sub-plot were taken and mixed

homogenously while a composite sub sample of 100 gm from each plot was submitted for

laboratory analysis.

The laboratory analysis was done as follows: after weighing 10g sieved soil into an ashing

Vessel, the ashing vessel and soil were placed in the dry oven set at 105°C and dried for four

hours. Then, the ashing vessel from the oven was removed and placed in a dry atmosphere.

After cooling, about 0.01 g was measured and the ashing vessel and soil kept in a muffle

furnace at 400°C for four hours. Then, the ashing vessel was removed from the muffle

furnace and cooled in a dry atmosphere and about 0.01g weighed to determine the percent

organic matter in the soils (Storer, 1984). Finally, the bulk density, soil organic matter and

soil organic carbon were calculated.

2.6. Estimation of Carbon in Different Carbon Pools

2.6.1 Estimation of Aboveground Tree Biomass (AGTB)

The selection of the appropriate allometric equation is crucial in estimating aboveground tree

biomass (AGB). Allometric equation as a statistical relationship between key characteristic

dimension(s) of trees that are fairly easy to measure, such as DBH or height, and other

properties that are more difficult to assess, such as above-ground biomass. They permit an

estimate of quantities that are difficult or costly to measure on the basis of a single (or at most

a few) measurements following Bhishmaet al., (2010).

There are different allometric equations that have been developed by many researchers to

estimate the aboveground biomass. These equations are different depending on the types of

species, geographical locations, Forest stand types, climate and others (Negiet al., 1988;
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Brown et al., 1989; Baker et al., 2004). Therefore, the application of these equations to the

study area is advantageous in a view of cost and time.

From the different available allometric equations to estimate the aboveground biomass, the

model that was developed by Brown et al. (1989) is selected for the study area since the

general criteria described by the author are similar to the study area. The general equation

that was used to calculate the aboveground biomass is given below:

Y= 34.4703 - 8.0671(DBH) + 0.6589(DBH2) …………………………………………. (eq.1)

Where, Y is aboveground biomass, DBH is diameter at breast height.

2.6.2 Estimation of Belowground Biomass (BGB)

Belowground biomass estimation is much more difficult and time consuming than estimating

aboveground biomass (Geideret al., 2001). Standard method for estimation of belowground

biomass can be obtained as 20% of aboveground tree biomass i.e., root-to-shoot ratio value of

1:5 is used following MacDicken ,(1997).

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

used. The equation is given below:

BGB = AGB × 0.2 ……………………………………………… (equ.3)

Where, BGB is belowground biomass, AGB is aboveground biomass, 0.2 is conversion factor

(or 20% of AGB).

For both AGB and BGB, the biomass stock density will be attained in kg m2 by means of

dividing the sum of all individual weights (in kg) of a sampling plot by the area of sampling

plot. The value will be converted to t ha-1 by multiplying it by 10. Since the plot areas are part

of tropical region carbon content in the biomass estimated by multiplying 0.47 while

multiplication factor 3.67 needs to be used to estimate CO2 equivalent following Pearsonet al.,

(2005).
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2.6.3 Estimation of Carbon Stocks in the Leaf Litter Biomass

According to Pearson et al. (2005), estimation of the amount of biomass in the leaf litter can

be calculated by:

LB =……………. (equ.4)

Where: LB = Litter (biomass of litter t ha-1)

W field = weight of wet field sample of litter sampled within an area of size 1 m2 (g);

A = size of the area in which litter were collected (ha);

W sub-sample, dry = weight of the oven-dry sub-sample of litter taken to the laboratory to

determine moisture content (g), and

W sub-sample, fresh = weight of the fresh sub-sample of litter taken to the laboratory to

determine moisture content (g).

CL= LB × % C……………………………………….. (equ.5)

Where, CL is total carbon stocks in the dead litter in t ha-1, % C is carbon fraction determined

in the laboratory as recommended by Pearsonet al., (2005).

2.6.4 Estimation of Soil Organic Carbon

The carbon stock density of soil organic carbon can be calculated as recommended by

Pearson et al. (2005) from the volume and bulk density of the soil.

V = h r2……………………………………. (equ.9)

Where, V is volume of the soil in the core sampler augur in cm3, h is the height of core

sampler augur in cm, and r is the radius of core sampler augur in cm following Pearsonet al.,

(2005).Moreover the bulk density of a soil sample can be calculated as follows:

BD = ……………………………………. (equ.10)

Where, BD is bulk density of the soil sample per, Wav, dry is average air dry weight of soil

sample per the quadrat, V is volume of the soil sample in the core sampler auger in cm3 as

recommended by Pearsonet al., (2005).
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SOC = BD * d * % C …………………………………….. (equ.11)

Where, SOC= soil organic carbon stock per unit area (t ha-1),

BD = soil bulk density (g cm-3),

D = the total depth at which the sample was taken (30 cm),

%C = Carbon concentration (%)

2.6.5 Total Carbon Stock Density

The carbon stock density is calculated by summing the carbon stock densities of the

individual carbon pools of the stratum using the Pearson et al. (2005) formula. In addition, it

is recommended that any individual carbon pool of the given formula can be ignored if it

does not contribute significantly to the total carbon stock as recommended by Bhishmaet al.,

(2010).

Carbon stock density of a study area:

C density = CAGB + CBGB + C Lit + CDWS+SOC……………………….. (equ.12)

Where:

C density = Carbon stock density for all pools [ton ha-1]

C AGTB = Carbon in above -ground tree biomass [t C ha-1]

CBGB = Carbon in below-ground biomass [t C ha-1]

C Lit = Carbon in dead litter [t C ha-1]

SOC = Soil organic carbon

The total carbon stock is then converted to tons of CO2 equivalent by multiplying it by 44/12,

or 3.67 following Pearson et al., (2007).

2.7. Data Analysis

After the data collection was completed, data analysis of various carbon pools were made in

the Forests accomplished by organizing and recording on the excel data sheet. The data

obtained from DBH, length, diameter, height of each species, fresh weight and dry weight of

litter, dead wood and soil analyzed using Statistical Package for Social Science (SPSS)

software version 13. The height and diameter data were arranged in classes for applying
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appropriate model of biomass estimation equation. The relationship between each parameter

was tested by multiple regression and descriptive statistics. The linear and multilinear

correlation between Forest carbon stock with altitude, slope and aspect were tested

independently.

CHAPTER-THREE

3. RESULTS AND DISCUSSION

3.1 RESULTS

3.1.1 Forest condition of the study area
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A total of 26 different species were recorded from the current study area of Metti Forest

(Appendix 3). Of this, Juniperus procera was the dominant species in the study area covering

28.27% .Pinus radiata is the second dominant species with 16.42% coverage of the study

plots. Hagenia abyssinica , Cupressus lustanica and Eucalyptus gobulus covered 9.13% ,

6.38% and 5.83% , respectively. Albizia gummifera and Carisa Spinarum were the least

dominant species with equal coverage of 0.66% (6 stems) in the study Forest. (Appendix

1).In the studied area a total of 26 different tree species with density of 909 were recorded

and DBH ranging from 5 to 150 cm while height ranged from 2.5 to 44 m.

Figure 3 Number of trees

The frequency and % frequency values of species were given in Appendix 1. Accordingly,

the frequency distribution of species showed that Juniperus procera (52.5%) and Eucalyptus

gobulus( 32.5%) were the two tree species frequently occurred (in 21 and 13 quadrats out of

40), respectively. Pinus radiatta,Hagenia abissinica, and Cupressus lustanica were 25%

22.5%, and 17.5% distribution, respectively. The species with the least occurrence in the

study area are Olea africana, Rapanea simensis, Carisa Spinarum and Albizia gummifera

(Figure 3.2).
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Figure 4 The frequency values of each species in percentile

3.1.2 Tree species and their DBH

It was observed that there was a strong difference among tree species in their size classes

(Figure 4.2). The DBH value was largest for Myrsine Africana with the average value of 39.7

cm. The 2nd and 3rd largest DBH average values were Dovyalis abyssinica and Bersama

abyssinica with average DBH of 39.4 cm and 37.5 cm, respectively. Smallest DBH of 9.5 cm

was observed from Olea africana.
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Figure 5 Tree species and their average DBH

3.1.3 Forest carbon stock in different pools

i. Aboveground carbon pool

The average carbon storage in all species was 0.335973 tons per tree. The maximum and

minimum carbon content in a single tree was 0.752692 and 0.017299 tons in the species

Myrsine Africana and Sagerethea thea respectively. The next largest average carbon stock

was observed in species of Dovyalis abyssinica(0.739477ton/tree), Bersama abyssinica

(0.670997 ton/tree) and Cupressus lusitanica (0.658532ton/tree).(Figure 4.3).
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Figure 6 The average AGC carbon stock in all species

3.1.4 Carbon Stock in different plots

I. Aboveground carbon

The aboveground biomass reported in the present study (109.698 - 408.242 t ha-1) is within

the range reported for various tropical dry and moist Forests, mixed and old growth Forests

and evergreen moist tropical Forests (Bandhuet al., 1973, Huttel, 1975; Kira, 1978, all cited

in Brown and Lugo, 1982; Brown, 1997). Moreover, the average aboveground biomass in the

studied Forest areas with mean value of 180.756 t ha-1 were higher than the previous

estimates with value of 101 t ha-1of plant biomass for Forests of Ethiopia (Brown, 1997).
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Figure 7 aboveground Carbon in Each Plot

II Carbon Stock in BGB

The root biomass result, which was obtained from aboveground biomass, showed similar

trend as of the carbon stock in the aboveground biomass. The result in Metti Forest showed

that the highest belowground carbon 81.6484 t ha-1 and lowest BGC of 21.9396 t ha

(Appendix 3). The mean belowground carbon stock of the study area was 36.1512 t/ha

(Appendix 3). This carbon pool sequestered a minimum and maximum carbon dioxide value

of 44.5 t ha-1 and 299.65 t/ha respectively. The mean carbon dioxide sequestration in

belowground biomass was 107.7 t/ha (Appendix 3).
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Figure 8 Carbon Stock in BGB

III. Carbon stock in litter
The largest Carbon Stock in Litter, was observed in plot 12 (Figure 4.6).The mean
carbon stock in the study area was 11.15 t/ha. The minimum and the maximum
carbon stock in litter 6.14 and 15.69 t/ha were observed in plots 1 and 12
respectively.
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Figure 9 Carbon stock in litter

IV. The carbon stock of the soil

The carbon content of the soil in Metti Forest ranged from 6.8% to 8.4%. Plot 13 and 24 had

the highest carbon content due to the presence of old aged trees. The average soil organic

carbon investigated in the study area was 7.58 % by oven-dry weight (Appendix 6). Data on

soil organic carbon of the study presented also in Appendix 6 indicate that the maximum was

102.79 tons ha-1 in plot 13 and 24. And 76.18 tons ha-1 was the minimum soil organic

carbon found in plot 30. The average carbon in organic soil in the present study was

91.17tons ha-1.
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Figure 10 Carbon stock of the soil in each plot

3.1.5 Comparison of different carbon stock pools

In the present study, the largest carbon stock covered by aboveground carbon and which

accounts averagely 56.6% of the four carbon pools (Figure 4.8). This carbon stock was

mainly derived from the Forest biomass. About 29% of the carbon storage was in soil organic

carbon pool, 11.3% and 3.4% amount of carbon was observed in belowground and carbon

pools in litter, herbs and grasses respectively.(Appendix 7).
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Figure 11 Comparison of different carbon stock pools

3.1.6 Carbon Stock and Altitudinal Gradient

The carbon stock of different components of the Forest carbon pools (aboveground and

belowground, litter and soil) responded differently along altitudinal gradient. As shown in

Table 4.1 below, the middle altitude parts of the vegetation had high aboveground biomass

carbon while the lower and upper altitude parts have moderate carbon stock in aboveground

biomass. Similarly, belowground biomass and its carbon stock showed similar pattern to that

observed carbon stock in the aboveground biomass since it was obtained from the

aboveground carbon pool. And, differences along altitude were not significant both for litter

carbon and soil organic carbon.

Altitude
Class

Altitude
Range

AGB AGC BGB BGC LB LC SOC

Higher 2700-
2750

385.6 181.3 77.1 36.2 0.15412 10.14 88.91

Middle 2651-
2700

418.6 196.7 83.7 39.2 0.17264 11.53 91.09

Lower 2600-
2650

380.6 178.8 76.9 38.8 0.15851 10.35 93.09

Table 3.1 Mean biomass and carbon stock (t ha-1) along altitudinal gradient
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3.1.7 Total Carbon Stock of Metti Forest

The total carbon stock of the study area was done by summing up all the carbon value of each

pool (aboveground and belowground carbon, litter carbon and soil organic carbon) for all plot

samples of the study area. The carbon values of the study Forest ranged from a minimum of

230.96 to a maximum of 581.93 t ha-1. The average carbon density in all carbon pool of the

study area was 319.22t/ha.(Appendix 7).

CARBON

POOL

AGC BGC LC SOC

MINIMUM 109.698 21.94 6.136 76.176

MAXIMUM 408.24 81.65 15.69 102.789

MEAN 180.756 36.15 11.15 91.166

Table 3.2 Summary of mean carbon stock of different carbon pools of the study area

3.1.8 Comparison different studies with current study
Different studies were conducted on the carbon stock estimation of Forests in different parts

of Ethiopia. The results of all studies show the significance of Forests for climate change

mitigation and adaptation. The comparison of the current study with different studies is

shown on the following table.
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Table: 3.3 Comparisons of current study with different studies

From the above table the AGC and BGC of Metti Forest is greater than the AGC and BGC of

Menagasha Suba State Forest, selected parks and Church Forest. The estimation of AGC and

BGC OF Metti Forest less than that of Egdu Forest ,which shows the significance of Metti

Forest, in general Wechecha Forest in carbon sequestration. The carbon in soil is less than the

three study areas but the carbon stock of litter is greater than the other studies.

3.2 DISCUSSIONS

The average above ground carbon in the Metti Forest was more than twice higher than the

previous estimates of plant biomass for forests of Ethiopia (Brown, 1997). On the other hand,

above ground carbon in tropical and subtropical forests in Puerto Rico ranged between 36 –

85.5 t ha-1 (Weaver and Murphy, 1990). Above ground carbon stock estimated in this study

was higher than the amount of carbon stock estimated in selected church forests and selected

parks around Addis Ababa (Tulu Tolla, 2011; Meseret Habtamu, 2013).

According Houghton (2001), the forest has a large potential for temporary and long term

carbon storage .In the forest ecosystems, greater carbon stored in a large, long –lived species

and in species with dense wood. Similarly, the results of the present study showed the

Study Place year AGC

( t ha-1)

BGC

( t ha-1)

LC

( t ha-1)

SOC

( t ha-1)

Egdu Forest 2011 278.1 55.6 3.5 277.6

Menageshasuba State Forest 2011 133 27 5.3 121.3

Church Forest 2011 122.9 25.97 4.95 135.9

Selected Parks 2013 143.3 28.1 10.5 69.2

Metti Forest 2012 180.76 36.15 11.15 91.17



54

disproportionate contribution of species to the above ground carbon stock. Species such as

juniperus procera ,pinus radiate, Hagenia abyssinica,Cupressus lustanica, and Eucalyptus

globules contributed for the large amounts of biomass and carbon stocks while Albizia

gummifera and Carisa spinarum had less contribution. This unequal contribution of species

to carbon stock of the forest site is could probably be due to the density, age and size

difference among species. The presence of species characterized by large individuals

occurring on middle altitude could have an effect on AGB and carbon stock, because few

large individuals can account for large proportion of the plots above and below ground

carbon according to Brown and Lugo (1992).

According to Brown and Lugo (1982) litter fall in dry tropical Forests range between 2.52-

3.69 t /ha. The dead litter carbon stock estimated in Addis Ababa church Forests ranged from

3.37 to 7 t/ ha (Tulu Tolla, 2011). ). Dead litter carbon in the present study Forest ranged

from 6.1- 15.7 tons which is higher than the values reported for dry tropical Forests (Brown

and Lugo, 1982). The amount of litter fall and its carbon stock of the forest can be influenced

by the forest vegetation (species, age and density) and climate (Fisher and Binkly, 2000).

Similarly, the tree stands in the forest area were relatively old and this could result in high

amount of litter fall. In addition, due to the current practice of management system i.e., it’s

protected by enough number of employed guards and that reduces human interference.

In the case of Addis Ababa church forests, the amount of SOC density ranges from 99.77 to

162 t ha-1 (Tulu Tolla, 2011). The amount of soil organic carbon in this study varied from

76.18 t ha-1 to102.79 t ha-1, with average carbon stock of 91.17 t ha-1. The amount of soil

organic carbon estimated in Egdu Forest and in Menageshasuba State Forest is higher than

SOC of Metti Forest.

Analysis of variation of carbon stock in different carbon pools of the forest area responded

differently along different environmental gradients. The carbon stock in above and below

ground carbon and litter carbon did not show a clear pattern along altitude gradients. But

SOC decrease when the altitude increase i.e. there is high carbon stock in lower altitudes.

Understanding the relationship between the age of a forest stand and its biomass/carbon

stocking potentials is essential for managing the forest component of the global carbon cycle.
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Since biomass increases with stand age, postponing harvesting schedule to the age of

biological maturity may result in the formation of a large carbon sink (Alexandrov, 2007).

Forests play an important role in the global carbon cycle because they store a large amount of

carbon in vegetation biomass and soil (Falkowski et al., 2000), and they serve long term sink

if forest fire and forest degradation is strictly precluded. Therefore, plantation, afforestation

and preservation as happened in Metti forest could serve as a potential sink for urban carbon

emission. This suggests that the mountain forests of Ethiopia could play significant role in the

carbon cycle of east African region because it could lead to decrease atmospheric CO2 via

increasing in CO2 uptake by plants.
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4. CONCLUSION AND RECOMMENDATIONS

4.1. Conclusion

Juniperus procera was the dominant species in the study area covering 28.27% while Pinus

radiata is the second dominant species with 16.42% coverage of the study plots. Hagenia

abyssinica ,Cupressus lustanica and Eucalyptus gobulus covered 9.13% , 6.38% and 5.83% ,

respectively. Albizia gummifera,and Carisa Spinarum were the least dominant species with

equal coverage of 0.66% (6 stems) in the study Forest.

The aboveground carbon reported in the present study (109.7 – 408.2 t/ha) was within the

range reported for various mixed and old growth Forests and evergreen moist tropical Forests.

Analysis based on relative density distribution by DBH and height classes carried out for tree

species of the Forest area showed different patterns. Different patterns of species population

structure can indicate variation in population dynamics. The distribution of the Forest species

in the present study showed high number of individuals in few DBH classes.

The amount of carbon stocks in different species was varied and the average total carbon stock

was large. Carbon stock amount increases with the age of the trees. The average carbon stocks

in the Forest area were large and the result is comparable to Forests in other tropical countries
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but higher than most study results of Forests in Ethiopia. This indicates the contribution of

the Forest for carbon sequestration and hence mitigation of climate changes.

5.2 Recommendations

Public opinion is a vital factor in influencing politicians and decision makers. It provides a

barometer for public support and interest and is a motivation for individuals at all levels to

lead and to take more action.

From this study the following points are given as recommendation:

 Manage the territory that has been set aside for nature conservation;

 Reintroduce species in a habitat where their numbers have declined below a

satisfactory level for maintaining a viable population or community;

 The amount of carbon sequestered in this study site was significant. In Ethiopia, there

are large forests conserved in different parts of the country so conducting similar

research in those resources to benefit is recommendable.

 Regulate land use, when the corresponding impacts would have been negative for the

state of biodiversity; these include cross compliance measures applied to agricultural

(and Forestry) practices.

 Because of the fact that there is still scarcity of data on carbon stock and associated

dynamics in the country and that data are not widely available, there is a need for

more research. Thus, the inventory of the influence of other environmental factors

affecting forest biomass and carbon stock estimation is recommended in similar or

other forest types in the country.

 Forest carbon related awareness creation for local people and promotion of the local

knowledge can be regarded as a possible way for sustainable forest management. This

will enhance the capacity of the existing forest for climate change mitigation and

other provision from the forest.



58

5. REFERENCE
Alexandrov, G.A., Yamagata, Y. 2002. Net biome production of managed forests in Japan.

Science in China (Series C) 45:109-115.

Anouska A. Kinahan, 2011. A Business Planning tool for Protected Area Managers in

Ethiopia, Frankfurt Zoological Society, Bale Mountains Conservation Project, Bale

Mountains National Park, Ethiopia

Ata Marie, 2011. Procedures for carbon stock inventory for oil palm estate management.

Unpublished report prepared for Golden Agri-Resources and The Forest Trust.

Baker, T. R., Philips, O. L., Malhi, Y, Almeida, S., Arroyo, L. and Di Fiore, A. 2004

Variation in wood density determines spatial patterns in Amazonian Forest biomass. Global

change Biology 10:545-562

Bhishma, P. S., Shiva, S. P., Ajay, P., Eak, B. R., Sanjeeb, B., Tibendra, R. B., Shambhu, C.,

and Rijan, T. 2010. Forest Carbon Stock Measurement: Guidelines for measuring carbon

stocks in community-managed Forests. Funded by Norwegian Agency for Development

Cooperation (NORAD).Asia Network for Sustainable Agriculture and Bioresources (ANSAB)

publishing, Kathmandu, Nepal, pp.17-43.



59

Braat, L. and P.ten Brink, 2008 The Cost of Policy Inaction: The case of not meeting the

2010 biodiversity target. European Commission, DG Environment,

Brussels.AvailableOnlineat:http://ec.europa.eu/environment/nature/biodiversity/economics/te

eb_en.htm [Accessed August12, 2010]

Britton B., Stephens K.R., Gurney P., Tans P., Sweeney C., Peters W., Bruhwiler L., Ciais P.,

Ramonet M., Bousquet P., Nakazawa T., Aoki S., Machida T., Inoue G., Vinnichenko N.,

Lloyd J., Jordan A., Heimann M., Shibistova O., Langenfelds R.L., Steele L.P., Francey R.J.,

Denning A.S. 2007 .Weak northern and strong tropical land carbon uptake from vertical

profiles of atmospheric CO2. Science 316(5832): 732.

Brown, S and Masera, O. 2003. Supplementary methods and good practice guidance arising

from the Kyoto Protocol, section 4.3 LULUCF projects Good Practice Guidance For Land

Use,Land-Use Change and Forestry, Intergovernmental Panel on Climate Change National

Greenhouse Gas Inventories Programmeed J Penman, M Gytartsky, T Hiraishi, T Krug,

Brown, S. 1997. Estimating Biomass and Biomass Change of Tropical Forests: A Primer. UN

FAO Forestry Paper, Rome 134: 55.

Brown, S. 2002. Measuring carbon in Forests: current status and future challenges.

Environmental Pollution 116: 363-372.

Brown, S. and Lugo, A. 1982 The storage and production of organic matter in tropical forests

and their role in the global carbon cycle. Biotropica 14: 161-187.

Brown, S. and Lugo, A. E. 1982 The storage and production of organic matter in tropical

Forests and their role in the global carbon cycle. Biotropica 14: 161-187.

Brown, S.A.J., Gillespie, J.R. and Lugo, A.E.1989. Biomass estimation methods for tropical

Forests with application to Forest inventory data. Forest Science 35: 110-115.

Cairns, M. A., Brown, S., Helmer, E. H., Baumgardner, G. A. 1997. Root biomass allocation

in the world‘s upland Forests. Oecologia 111: 1-11.



60

Central African Regional Program for the Environment 2012 Carbon monitoring within the

Congo Basin forest. Accessed on Nov.8, 2012.http://carpe.umd.edu/resources/carbon.php.

Change Biology 10: 545-562.

Chave J et al; 2005. Tree allometry and improved estimation of carbon stocks and balance in

tropical Forests Oecologia145 87–9

Delaney, M., Brown, S., Lugo, A.E., Torres-Lezama, A., and Quintero, N. B. 1998. The

quantity and turnover of dead wood in permanent forest plots in six life zones of Venezuela.

Biotropica.30: 2–11.Environmental Evidence, Systematic Review No. 09-016, Berlin,

German, Pp. 3-21.

Earthwatch. 2007. Climate Change: Mitigation – Carbon Capture and Storage. Earth watch

educational Resources. Climate Change: Section 5. Earth watch Institute (Europe) publishing,

Banbury Road, Oxford, United Kingdom, Pp. 2-8.

EEA, 1999. Environmental indicators: Typology and overview. Technical report no 25.

Luxembourg, Office for Official Publications of the European Communities

EEA, 2007. Halting the loss of biodiversity by 2010: proposal for a first set of indicators to

monitor progress in Europe EEA Technical report No 11/2007

Falkowski, P., R.J. Scholes, E. Boyle, J. Candell, D. Canfield, J. Elser, N. Gruber, K. Hibbard,

P. Hogberg, S. Linder, F.T. Mackenzie, B. Moore III, T. Pedersen, Y. Rosenthal, S.

Seitzinger, V. Smetacek, W. Steffen 2000. The global carbon cycle: A test of our knowledge

of earth as a system. Science 290: 291-296.

Fantoli, A.1965. Contribute allaclimatologicadel l‘EthiopiaMinisterodegli affair esteri,

cooperazineScintifica e teeenica, Rome.

FAO (Food and Agricultural Organization of the United Nations) 2005 FAO Statistical

database 2005 available at http://faostat.fao.org/

http://carpe.umd.edu/resources/carbon.php


61

Fearnside P M 2000. Global warming and tropical land-use change: greenhouse gas

emissions from biomass burning, decomposition and soils in Forest conversion, shifting

cultivation and secondary vegetation Clim. Change 46 115–58

Fearnside P M and Laurance W F 2003. Comment on ‘Determination of deforestation rates

of the world’s humid tropical Forests’ Science 299 1015

FERN, 2008. Response to the Eliasch Review questionnaire: global Forests and finance flows.

Available at http://www.fern.org/media/ documents/document_4131_4132.Pdf

Food and Agriculture Organization, 2005. FAO and the challenge of the millennium

development goals: The road ahead, discussion paper. FAO, Rome.

Food and Agriculture Organization, 2005. Incentives to curb deforestation needed to counter

climate change. fao Newsroom webarea. United Nations, New York, N.Y.

http://www.fao.org/newsroom/ en/news/2005/1000176/ (Accessed December 10, 2012).

Food and Agriculture Organization, 2010. Global Forest Resources Assessment 2010: Main

Report. Rome, Italy.

Geider, J. R., Delucia, H. E., Falkowsk, G. P., Finzi, C. A., Grime, P. J., Grace, J., Kana, M.

T. and Roche. 2001. Primary productivity of planet earth: biological determinants and

physical constraints in terrestrial and aquatic habitats. Global Change biology 7: 849- 882

Great Britain Forest commission, 2012.http://www.Forestry.gov.uk/Forestry/infd-6vlkkm

Griffiths T. 2007. Seeing ‘REDD’? ‘Avoided deforestation’ and the rights of indigenous

peoples and local communities forest peoples programme, UK.

Hairiah, K., Sitompul, S. M., Noordwijk, M. and Palm, C. 2001.Methods for sampling carbon

stocks above and belowground.International Centre for Research in Agroforestry.Southeast

Asian Regional Research Programme, Bogor, Indonesia.

Houghton, R. A. 2005. Tropical deForestation as a source of greenhouse gas emissions.

Tropical DeForestation and Climate Change (Mutinho and Schwartzman eds) (Belem:

IPAM). Amazon Institute for Environmental Research, Pp. 13-21.

http://www.fern.org/media/
http://www.fao.org/newsroom/
http://www.forestry.gov.uk/forestry/infd-6vlkkm


62

Hutchings, M. J. 1986. Plant population biology. In: Methods in Plant Ecology, (Moore, P. D.

and Chapman, S. B. eds). Black Well Scientific Publications, Oxford.

IPCC (Intergovernmental Panel on Climate Change) 2006. IPCC Guidelines for National

Greenhouse Gas Inventories Volume 4. Prepared by National Greenhouse Gas Inventories

Program, (Eggleston H.S., Buendia L., Miwa K., Ngara T. and Tanabe, K. eds), Institute for

Global Environmental Strategies (IGES) Publishing, Japan.

IPCC (Intergovernmental Panel on Climate Change) 2006. IPCC Guidelines for National

Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories

Programmeed H S Eggleston, L Buendia, K Miwa, T Ngara and K Tanabe (Japan: Institute

for Global Environmental Strategies)

IPCC (Intergovernmental Panel on Climate Change), 2007a. Fourth Assessment Report:

Climate change 2007 (AR4): The Physical Science Basis. Contribution of Working Group I

to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Geneva,

Switzerland, Intergovernmental Panel on Climate Change.

IPCC (Intergovernmental Panel on Climate Change), 2007b. Facts on climatic change.A

summary of the 2007 assessment report of IPCC.Cambridge University Press, Cambridge,

UK.

Kanamaru, H., Goetz, S., Achard, F., Joosten, H., Lehtonen, A., Menton, M., Petrokofsky,

G.,Karky, B.S. and Banskota, K. 2007. Reducing Carbon Emissions through Community-

managed Forests in the Himalaya.Case study of a community-managed Forest in Lamatar,

Kathmandu, Nepal.

Kent, M. and Coker, P. 1992. Vegetation Description and Analysis.A practical

approach.Bolhaven Printing Press, London.

MA, 2003. Millennium Ecosystem Assessment. Ecosystems and human well-being : a

framework for assessment. Island Press, Washington, DCapan and Springer 2010.Journal of

Plant Resource 10:1-14.



63

MacDicken, K. G. 1997. A Guide to Monitoring Carbon Storage in Forestry and Agro-

Forestry Projects. In: Forest Carbon Monitoring Program. Winrock International Institute for

Agricultural Development, Arlington, Virginia.

Malhi Y and Grace J 2000. Tropical Forests and atmospheric carbon dioxide Trends Ecol.

Evolut.15 332–7

Menagesha state Forest, 2012.downloaded from http;//www.bird life org. on 14/12/2012

Mesfin Sahile, 2011. Estimating and Mapping of Carbon Stocks based on Remote Sensing,

GIS and Ground Survey in the MenageshaSuba State Forest. M.Sc. Thesis, Addis Ababa

University, Addis Ababa.

Miller, J.A. and Mohr P.A. (1966). Age of Wachacha Trachyte- Carbonate Volcanic centre.

Bulletin of the Geophysical observatory, Addis Ababa 1: 6.

Mohr, P.A. 1971. The Geology of Ethiopia.University college of Addis Ababa.Central

Printing Press, Addis Ababa, Ethiopia.

Natural Resources Canada, 2007.Forest carbon accounting. Carbon Budget Model of the

Canadian Forest Sector (cbm-cfs2). http://carbon.cfs.nrcan.gc.ca/cbm/index_e.html

(Accessed December 10, 2012).

Negi, J .D.S.,Manh, R.K. and Chauhan, P .S. 1988. Carbon allocation in different

components of some tree species of India: A new approach for Carbon estimation, Current

Science 85 (11).

Niles J O , 2002. Tropical Forests and climate change Climate change policy: a survey ed S

Schneider, A Rosencranz and J Niles (Washington, DC: Island Press)

Niles J O 2002 Tropical Forests and climate change Climate change policy: a survey ed S

Schneider, A Rosencranz andJ Niles (Washington, DC: Island Press)

OECD, 2002 .Proceedings of the OECD Workshop on environmentally harmful subsidies.7–

8 November.Organization for Economic Co-operation and Development, Paris.

http://carbon.cfs.nrcan.gc.ca/cbm/index_e.html


64

Pearson T, Brown S, Petrova S, Moore N and Slaymaker D 2005b Application of

multispectral three-dimensional aerial digital imagery for estimating carbon stocks in a closed

tropical Forest Report to The Nature ConservancyWinrock International

Pearson, T., Walker, S. and Brown, S. 2005.Sourcebook for land-use, land-use change and

Forestry projects. Winrock International and the Bio-carbon fund of the World Bank.

Arlington, USA,

Penman J et al 2003 Good practice guidance for land use, land-use change and Forestry IPCC

National Greenhouse Gas InventoriesProgramme and Institute for Global Environmental

Strategies,Kanagawa, Japan available at: http://www.ipcc-

nggip.iges.or.jp/public/gpglulucf/gpglulucf.htm

Pullin, A., Wattenbach, M. 2010. Comparison of methods for measuring and assessing carbon

stocks and carbon stock changes in terrestrial carbon pools. Collaboration for Nations, New

York and Geneva.

Rainforest Foundation UK 2005. Broken promises – how World Bank Group policies fail to

protect Forests and Forest peoples’ rights. Available at http://www.Forestpeoples.org

REDD Methodological Module 2009. ―Estimation of carbon stocks and changes in carbon

stocks in the dead wood carbon pool‖, Avoided Deforestation Partners Version 1.0

Saatchi S S, Houghton R A, Dos Santos Alvala R C, Soares J V and Yu Y 2007 .

Distribution of aboveground live biomass in the Amazon Basin Glob. Change Biol. 13 816–

37

Santilli M., Moutinho P., Schwartzman S., Nepstad D., Curran L., Nobre C. 2005. Tropical

deforestation and the Kyoto Protocol: an editorial essay. Climatic Change 71: 267–276.

Sebesibe Demissew 1988. The floristic composition of the Menagesha State Forest and the

need to conserve such Forests in Ethiopia.Mountain Research and Development 8: 243-24.

http://www.ipcc-nggip.iges.or
http://www.ipcc-nggip.iges.or
http://www.forestpeoples.org


65

Shine C. 2005. Using tax incentives to conserve and enhance biodiversity in Europe. Nature

and Environment No. 143. Council of Europe Publishing, Strasbourg.

Stephens B S et al 2007 Weak Northern and strong tropical land carbon uptake from vertical

profiles of atmospheric CO2 Science 316 1732–5

Storer, D. A. 1984.A simple high sample volume ashing procedure for determining soil

organic matter.Communications in Soil Science and Plant Analysis 15:759-772

Tulu Tolla .2011. Estimation of carbon stock in church Forests: implications for managing

church Forest for carbon emission reduction. Mscthesis,Addis Ababa University, Ethiopia.

UNECE/FAO 2005: Global Forest Resources Assessment 2005, Data for Europe. United

Nations, New York and Geneva.

UNEP, 2011. Towards a green economy: pathwaysto sustainable development and poverty

eradication.Nairobi.www.unep.org/greeneconomy/portals/88/documents/ger/ger_final_dec_2

011/green%20 economyreport_final_dec2011.pdf.

UNFCCC, 1997. Kyoto Protocol to the Convention on Climate Change: Bonn, Germany.

Climate Change Secretariat.

Waring R H, Way J, Hunt E R Jr, Morrissey L, Ranson K J, Weishampel J F, Oren R and

Franklin S E 1995 Imaging radar for ecosystem studies BioScience45 715–23

Westlake D F 1966 .The biomass and productivity of glyceria maxima: I. Seasonal changes

in biomass J. Ecol. 54 745–53

Westphal E. 1975.Agriculture in Ethiopia. Addis Ababa/Wageningen (College of Agriculture,

Haileselassie I University and the center for agricultural publication and documentation.

Wageningen Agricultural University.

WRI, 1988.The Forest for the trees? Government policies and the misuse Forest resources.

World Resources Institute, Washington DC

Zhu, B., Xiangping Wang, Jingyun Fang, ShilongPiao, HaihuaShen, Shuqing Zhao,

ChanghuiPeng. 2011. Altitudinal changes in carbon storage of temperate Forests on Mt

http://www.unep.org/greeneconomy/portals/88/


66

Changbai,Northeast China. Carbon cycle process in East Asia, The Botanical Society of

Japan and Springer 2010. Journal of Plant Resource 10:1-14.

APPENDICES

Appendix 1
Tree species, number of trees in plot, minimum, maximum, mean height and

DBH and standard deviation

plot Tree species N Minimum Maximum Mean Std.
Deviation

1 Pinus radiata 42 DBH 7.5 30 18.5
Height 2.5 4 3.25

Juniperous procera 15 DBH 22.5 44 33.25
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Height 7 12 9.5
2 Pinus radiata 24 DBH 7 11.8 9.4

Height 2.5 4 3.25
Juniperous procera 6 DBH 33.4 73.3 53.35

Height 16.5 20 18.25
3 Pinus radiata 8 DBH 5.3 14.6 9.95

Height 3 4.5 3.75
Juniperous procera 6 DBH 40 68.7 54.35

Height 35 40 37.5
Podocarpus falcatus 4 DBH 6.7 22.3 14.5

Height 3.5 5 4.25
Olea africana 3 DBH 5.4 8.5 6.95

Height 3 4 3.5

Carisa Spinarum

2 DBH 9 15.5

12.25
Height 3 5.5 4.25

Rosa abyssinica 4 DBH 13.4 21 17.2
Height 4.5 7 5.75

4 Juniperous procera 14 DBH 6 55 30.5
Height 2.5 40 21.25

Pinus radiata 4 DBH 23.4 30 26.7
Height 7.5 12 9.75

Rapanea simensis 4 DBH 23.7 33 28.35
Height 9 10.5 9.75

Hagenia abyssinica 3 DBH 13.2 17.8 15.5
Height 4 5.5 4.75

5 Pinus radiata 8 DBH 12 22.3 17.15
Height 5.5 8 6.75

Juniperous procera 38 DBH 7 37.6 22.3
Height 6 11.5 8.75

Casuarina 8 DBH 5.5 11
8.25
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cunninghamiana

Height 3 6.5 4.75
6 Pinus patula 8 DBH 18.4 24.7 21.55

Height 6 11.5 8.75
Juniperous procera 25 DBH 10 28.9 19.45

Height 8.5 14 11.25
Podocarpus falcatus 3 DBH 18.5 20.7 19.6

Height 7.5 9.5 8.5
7 Juniperous procera 25 DBH 16.7 28.7 22.7

Height 3.5 8 5.75
Podocarpus falcatus 3 DBH 6 44 25

Height 3.5 5 4.25
Eucalyptus gobulus 3 DBH 34.6 40.3 37.45

Height 21 23 22
8 Juniperous procera 12 DBH 6 34.6 20.3

Height 3 9.5 6.25
Pinus patula 10 DBH 18 13.4 15.7

Height 6.5 9 7.75
Spathodea

campanulata

6 DBH 26.5 33

29.75
Height 10.5 12 11.25

9 Juniperous procera 22 DBH 11.4 43.6 27.5
Height 5 9 7

Podocarpus falcatus 2 DBH 13.4 15.7 14.55
Height 7.5 8 7.75

10 Juniperous procera 14 DBH 30 150 90
Height 7.5 14 10.75

Eucalyptus gobulus 5 DBH 18.9 21.4 20.15
Height 11.5 14 12.75

11 Eucalyptus gobulus 34 DBH 22.6 55.5 39.05
Height 17 21 19
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Acacia abyssinica 12 DBH 13 15 14
Height 5 7 6

12 Juniperous procera 14 DBH 25.2 36.6 30.9
Height 7.5 10 8.75

Eucalyptus gobulus 8 DBH 5.3 10.8 8.05
Height 4.5 7 5.75

13 Podocarpus falcatus 6 DBH 15.3 20.6 17.95
Height 7 8.5 7.75

Eucalyptus gobulus 4 DBH 16.8 23.4 20.1
Height 11.5 14 12.75

14 Juniperous procera 14 DBH 32 42.4 37.2
Height 9 14.5 11.75

Eucalyptus gobulus 10 DBH 20.9 33 26.95
Height 12 14.5 13.25

Acacia abyssinica 3 DBH 14.6 20 17.3
Height 5.5 7 6.25

15 Juniperous procera 6 DBH 22.1 29.8 25.95
Height 7.5 12 9.75

Albizia gummifera 6 DBH 9.6 12 10.8
Height 5 7 6

Albizia anthelminitica 4 DBH 12.2 15.4 13.8
Height 4.5 6 5.25

Myrica salicifolia 7 DBH 16.8 22.6 19.7
Height 4 5.5 4.75

Eucalyptus gobulus 3 DBH 18.7 32 25.35
Height 11.2 13 12.1

16 Hagenia abyssinica 22 DBH 13 18.9 15.95
Height 3.5 4.5 4

Eucalyptus gobulus 8 DBH 16.4 36 26.2
Height 10 13.5 11.75

Cupressus lusitanica 4 DBH 16.7 26 21.35
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Height 5.5 8 6.75
17 Hagenia abyssinica 14 DBH 12 18 15

Height 5 8 6.5
Juniperous procera 12 DBH 7.6 26 16.8

Height 4 9.5 6.75
Casuarina

cunninghamiana

6 DBH 15 23

19
Height 3 6.5 4.75

Brucea

antidysenterica

8 DBH 21.3 23.4

22.35
Height 6 7.5 6.75

18 Hagenia abyssinica 8 DBH 12.5 16.7 14.6
Height 6 8 7

Eucalyptus gobulus 4 DBH 28.7 36 32.35
Height 12.5 15 13.75

Prunus africana 4 DBH 13.4 16.7 15.05
Height 6.5 7 6.75

19 Prunus africana 4 DBH 23.6 43.7 33.65
Height 9 11.5 10.25

Eucalyptus gobulus 4 DBH 90.8 150 120.4
Height 40 44 42

20 Cupressuslusitanica 6 DBH 18.7 32 25.35
Height 4.5 11 7.75

Casuarina

cunninghamiana

5 DBH 12 23.5

17.75
Height 4.5 7 5.75

Albizia anthelminitica 3 DBH 17.6 22.1 19.85
Height 4.5 8 6.25

Acacia saligna 14 DBH 21 36 28.5
Height 7 9 8

21 Acacia abyssinica 2 DBH 23.4 31.2 27.3
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Height 8.5 10 9.25
Prunus africana 18 DBH 22.4 34 28.2

Height 8 11 9.5
Pinus patula 2 DBH 26.7 24 25.35

Height 7.6 9.5 8.55
22 Juniperous procera 12 DBH 21 45 33

Height 9.5 11 10.25
Pinus radiata 2 DBH 27.8 34.3 31.05

Height 11 12.5 11.75
Olea europaea 2 DBH 20.8 23 21.9

Height 8.5 9 8.75
Bersama abyssinica 4 DBH 33.7 40 36.85

Height 12.5 15 13.75
23 Cupressus lusitanica 16 DBH 24.3 36.5 30.4

Height 9.5 12.5 11
Pinus radiata 11 DBH 16.5 27.8 22.15

Height 7.5 11 9.25
24 Pinus radiata 8 DBH 21.4 30.5 25.95

Height 6.5 8.6 7.55
Hagenia abyssinica 4 DBH 13.4 16.7 15.05

Height 6.5 7 6.75
25 Juniperous procera 6 DBH 32.5 42.4 37.45

Height 8.5 13 10.75
Pinus radiata 26 DBH 22.4 29.5 25.95

Height 7 10.5 8.75
Casuarina

cunninghamiana

2 DBH 16.3 19.8

18.05
Height 5 6 5.5

26 Ekebergia capensis 16 DBH 22.5 27.6 25.05
Height 10.5 13 11.75

Hagenia abyssinica 14 DBH 15.4 19.8 17.6
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Height 5.5 6 5.75
27 Hagenia abyssinica 12 DBH 16.7 23.5 20.1

Height 5 7 6
Spathodea
campanulata

7 DBH 30.1 36.5
33.3

Height 9.5 11 10.25
Dovyalis abyssinica 4 DBH 37.6 41.3 39.45

Height 13 14.5 13.75
Erythrina brucei 15 DBH 36.4 44.3 40.35

Height 10.5 14 12.25
28 Juniperous procera 6 DBH 37.6 43 40.3

Height 13 15.5 14.25
Casuarina

cunninghamiana

2 DBH 21.1 29.8

25.45
Height 6.5 9 7.75

Olea europaea 10 DBH 16.8 28.5 22.65
Height 5.5 8 6.75

29 Juniperous procera 12 DBH 26.4 35.6 31
Height 13 15.6 14.3

Hagenia abyssinica 6 DBH 22.6 25.4 24
Height 7 8.5 7.75

30 Juniperous procera 7 DBH 26.3 38 32.15
Height 10.5 11 10.75

Olea europaea 3 DBH 20.3 28.5 24.4
Height 9.5 11 10.25

Erythrina brucei 13 DBH 29.3 38.6 33.95
Height 8.5 12 10.25

31 Cupressus lusitanica 8 DBH 38.9 46.5 42.7
Height 11.5 13 12.25

Albizia anthelminitica 4 DBH 44.7 48.6 46.65
Height 13.5 15 14.25

Bersama abyssinica 6 DBH 38.7 40.3 39.5
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Height 9.5 11 10.25

Carisa Spinarum

4 DBH 26.5 31.4

28.95
Height 9.5 11 10.25

32 Juniperous procera 8 DBH 32.2 39.5 35.85
Height 11 12 11.5

Albizia anthelminitica 4 DBH 36.5 40 38.25
Height 12 15.5 13.75

Acacia saligna 10 DBH 26.5 41.4 33.95
Height 8.5 10 9.25

33 Juniperous procera 12 DBH 34.6 43.2 38.9
Height 11.5 13 12.25

Spathodea

campanulata

3 DBH 26.5 29.5

28
Height 9 10.5 9.75

Acacia saligna 4 DBH 24.5 27.4 25.95
Height 6.5 9 7.75

34 Cupressus lusitanica 6 DBH 46.4 54.3 50.35
Height 13.5 16 14.75

Myrica salicifolia 7 DBH 22.1 34.3 27.3
Height 6 12.5 7.5

Spathodea

campanulata

3 DBH 21 29.8

25.3
Height 9 11 10

35 Pinus radiata 18 DBH 25.1 44.3 34.7
Height 9.5 14 11.75

Ekebergia capensis 6 DBH 33.3 39.8 34.5
Height 8 13 11

Vernonia amygdalina 4 DBH 28 43 35.6
Height 10 14 11.5

36 Eucalyptus gobulus 8 DBH 56.6 68.9 62.75



74

Height 20.5 23 21.75
Podocarpus falcatus 6 DBH 33.4 35 34.2

Height 9.5 11 10.25
37 Eucalyptus gobulus 10 DBH 70.2 78.5 74.35

Height 22.5 24 23.25
Cupressus lusitanica 4 DBH 32.3 46.4 36.6

Height 11.5 14.4 12.3
Myrsine africana 6 DBH 21.4 32.6 28.7

Height 9.5 11.4 10.6
38 Ekebergia capensis 6 DBH 37.3 44.7 41

Height 13 14 13.5
Podocarpus falcatus 9 DBH 26.7 32.8 29.75

Height 11.5 15 13.25
39 Myrsine africana 5 DBH 38.5 40.9 39.7

Height 12.5 16 14.25
Vernonia amygdalina 4 DBH 26.5 39.5 33

Height 9 11 10
40 Cupressus lusitanica 14 DBH 51 55.4 53.2

Height 13 17 15
Vernonia amygdalina 6 DBH 27.6 34 30.8

Height 9 13 11
Bersama abyssinica 6 DBH 23.1 26.7 24.9

Height 6 9.5 7.75

Appendix 2
Name of trees and their code
Name of species code Name of species code
Pinus radiata T1 Podocarpus falcatus T 14
Hagenia abyssinica T 2 Myrsine africana T 15
Juniperous procera T 3 Spathodea campanulata T 16
Rapanea simensis T 4 Dovyalis abyssinica T 17
Carisa Spinarum T 5 Acacia saligna T 18
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Olea africana T 6 Vernonia amygdalina T 19
T 7 Erythrina brucei T 20

Acacia abyssinica T 8 Cupressus lusitanica T 21
Prunus africana T 9 Ekebergia capensis T 22
Brucea antiysenterica T 10 Olea europaea T 23
Albizia anthelminitica T 11 Pinus patula T 24
Albizia gummifera T 12 Casuarina cunninghamiana T 25
Myrica salicifolia T 13 Bersama abyssinica T 26

Appendix 3
Average DBH class, average height and average aboveground
Carbon per species
Tree
code

Species Name No of
stems

Average
DBH(cm)

Average
Height
(m)

Average
AGC

T1 Pinus radiata 115 21.7 7.9 0.169684
T 2 Hagenia abyssinica 83 17.2 6.1 0.090645
T 3 Juniperous procera 257 34.9 12.3

0.555475
T 4 Rapanea simensis 4 28.4 19.5

0.336807
T 5

Carisa
Spinarum

6 20.5 7.3

0.145997
T 6 Olea africana 3 9.5 5.3

0.017299
T 7 Eucalyptus gobulus 53 33.9 16.3

0.51821
T 8 Acacia abyssinica 17 19.5 7.4

0.127709
T 9 Prunus africana 22 25.6 8.8

0.259769
T 10 Brucea antidysenterica 8 22.4 6.8

0.184377
T 11 Albizia anthelminitica 15 29.6 9.8

0.372986
T 12 Albizia gummifera 6 10.8 6.2

0.0242
T 13 Myrica salicifolia 14 19.7 4.8

0.131261
T 14 Podocarpus falcatus 30 22.3 8

0.182238
T 15 Myrsine africana 11 39.7 14.3 0.752692
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T 16 Spathodea campanulata 22 30.4 10.4
0.398159

T 17 Dovyalis abyssinica 19 39.4 13.8
0.739477

T 18 Acacia saligna 24 29.5 8.3
0.369899

T 19 Vernonia amygdalina 14 31.9 10.5
0.447633

T 20 Erythrina brucei 28 37.2 11.3
0.646186

T 21 Cupressus lusitanica 58 37.5 10.3
0.658532

T 22 Ekebergia capensis 28 33 12.6
0.485798

T 23 Olea europaea 15 23 8.9
0.197485

T 24 Pinus patula 20 20.9 8.4
0.153682

T 25 Casuarina cunninghamiana 21 17.7 5.7
0.098109

T 26 Bersama abyssinica 16 37.8 10.6
0.670997

Appendix 4
Above and belowground carbon stock of the study area

Plot No AGB(ton/ha) AGC(ton/ha) CO2
(ton/ha)

BGB
(ton/ha)

BGC
(ton/ha)

CO2
(ton/ha)

1 868.6 408.242 1498.248 173.72 81.6484 299.6496
2 230.2 108.194 397.072 46.04 21.6388 79.4144
3 323 151.81 557.1427 64.6 30.362 111.4285
4 246.5 115.855 425.1879 49.3 23.171 85.03757
5 703.6 330.692 1213.64 140.72 66.1384 242.7279
6 272.9 128.263 470.7252 54.58 25.6526 94.14504
7 377 177.19 650.2873 75.4 35.438 130.0575
8 405 190.35 698.5845 81 38.07 139.7169
9 234 109.98 403.6266 46.8 21.996 80.72532
10 345.6 162.432 596.1254 69.12 32.4864 119.2251
11 556.3 261.461 959.5619 111.26 52.2922 191.9124
12 234 109.98 403.6266 46.8 21.996 80.72532
13 285.9 134.373 493.1489 57.18 26.8746 98.62978
14 209.7 98.559 361.7115 41.94 19.7118 72.34231
15 304.2 142.974 524.7146 60.84 28.5948 104.9429
16 254.5 119.615 438.9871 50.9 23.923 87.79741
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17 128.9 60.583 222.3396 25.78 12.1166 44.46792
18 157.6 74.072 271.8442 31.52 14.8144 54.36885
19 266.8 125.396 460.2033 53.36 25.0792 92.04066
20 251.4 118.158 433.6399 50.28 23.6316 86.72797
21 142.7 67.069 246.1432 28.54 13.4138 49.22865
22 263.6 123.892 454.6836 52.72 24.7784 90.93673
23 443 208.21 764.1307 88.6 41.642 152.8261
24 234 109.98 403.6266 46.8 21.996 80.72532
25 267.4 125.678 461.2383 53.48 25.1356 92.24765
26 472 221.84 814.1528 94.4 44.368 162.8306
27 233.4 109.698 402.5917 46.68 21.9396 80.51833
28 256.3 120.461 442.0919 51.26 24.0922 88.41837
29 292.1 137.287 503.8433 58.42 27.4574 100.7687
30 257.3 120.931 443.8168 51.46 24.1862 88.76335
31 394.5 185.415 680.4731 78.9 37.083 136.0946
32 324.5 152.515 559.7301 64.9 30.503 111.946
33 267.5 125.725 461.4108 53.5 25.145 92.28215
34 185.7 87.279 320.3139 37.14 17.4558 64.06279
35 262.6 123.422 452.9587 52.52 24.6844 90.59175
36 225.6 106.032 389.1374 45.12 21.2064 77.82749
37 394.7 185.509 680.818 78.94 37.1018 136.1636
38 246.9 116.043 425.8778 49.38 23.2086 85.17556
39 358.6 168.542 618.5491 71.72 33.7084 123.7098
40 307.6 144.572 530.5792 61.52 28.9144 106.1158
Average 312.1 146.7 538.4 62.4 29.3 107.7

Appendix 5
Carbon stock estimation in litter

Plot no altitude Wet
wt

%OC LB Oven dry
wt (gm)

C (ton/ha) CO2(ton/ha)

1 2654 200 67.14 0.0914 0.457 6.136 22.5213
2 2668 250 68.52 0.1738 0.695 11.91 43.7052
3 2680 270 74.24 0.1769 0.655 13.13 48.1983
4 2700 250 71.23 0.1613 0.645 11.49 42.1661
5 2717 200 70.12 0.1324 0.662 9.284 34.0718
6 2736 300 70.68 0.1608 0.536 11.37 41.7108
7 2730 250 59.82 0.1145 0.458 6.849 25.1373
8 2707 300 64.56 0.1632 0.544 10.54 38.6678
9 2696 350 68.25 0.2282 0.652 15.57 57.1589
10 2684 300 67.24 0.1644 0.548 11.05 40.5691
11 2677 270 68.45 0.1801 0.667 12.33 45.2432
12 2664 370 68.22 0.2301 0.622 15.69 57.6095
13 2667 360 61.25 0.1879 0.522 11.51 42.2376
14 2669 280 60.66 0.1629 0.582 9.882 36.2652
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15 2658 260 66.20 0.1407 0.541 9.314 34.1836
16 2665 320 63.66 0.2096 0.655 13.34 48.9693
17 2661 340 72.33 0.2149 0.632 15.54 57.0454
18 2668 250 65.25 0.147 0.588 9.592 35.2017
19 2672 200 63.22 0.1178 0.589 7.447 27.3316
20 2652 250 67.22 0.1415 0.566 9.512 34.9077
21 2640 250 64.14 0.1215 0.486 7.793 28.6003
22 2638 300 67.36 0.2004 0.668 13.49 49.5411
23 2647 250 66.32 0.1315 0.526 8.721 32.0064
24 2652 300 65.44 0.1746 0.582 11.43 41.9328
25 2655 250 62.47 0.1403 0.561 8.764 32.1659
26 2654 320 75.32 0.1866 0.583 14.05 51.5808
27 2655 300 70.88 0.1716 0.572 12.16 44.6382
28 2653 350 61.05 0.1911 0.546 11.67 42.8166
29 2654 340 63.74 0.2251 0.662 14.35 52.6567
30 2656 350 66.34 0.2138 0.611 14.18 52.0534
31 2659 280 60.62 0.1831 0.654 11.09 40.7352
32 2661 250 62.34 0.1280 0.512 7.98 29.2848
33 2645 350 60.78 0.1862 0.532 11.32 41.5343
34 2696 250 73.24 0.1355 0.542 9.924 36.4212
35 2687 280 73.27 0.1694 0.605 12.41 45.1795
36 2612 270 68.44 0.1693 0.627 11.57 42.5239
37 2614 200 63.25 0.1120 0.560 7.084 25.9983
38 2605 300 69.22 0.1752 0.584 12.13 44.5073
39 2620 320 58.44 0.1997 0.624 11.67 42.8306
40 2705 300 64.82 0.1956 0.652 12.68 46.5312
Average 2665.83 284.5 66.39 0.1677 0.588 11.149 40.911

Appendix 6
Carbon Stock Estimation In Soil

Plot no altitude %OC Depth(cm) volume Soil CO2

Ton/ha
Bulk
density(g/cm3)

1 2654 8.3 30 98.125 85.905 315.3 0.345
2 2668 8.3 30 98.125 95.865 351.8 0.385
3 2680 8.2 30 98.125 85.362 313.3 0.347
4 2700 7.8 30 98.125 81.198 298 0.347
5 2717 7.6 30 98.125 84.132 308.8 0.369
6 2736 8.1 30 98.125 100.116 367.4 0.412
7 2730 7.4 30 98.125 88.356 324.3 0.398
8 2707 7.1 30 98.125 84.774 311.1 0.398
9 2696 7.5 30 98.125 96.3 353.4 0.428
10 2684 7.8 30 98.125 96.174 352.9 0.411
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11 2677 7.1 30 98.125 84.348 309.5 0.396
12 2664 7.0 30 98.125 81.06 297.5 0.386
13 2667 8.1 30 98.125 102.789 377.2 0.423
14 2669 6.8 30 98.125 88.74 325.7 0.435
15 2658 7.1 30 98.125 84.774 311.1 0.398
16 2665 7.4 30 98.125 81.918 300.6 0.369
17 2661 7.6 30 98.125 99.408 364.8 0.436
18 2668 7.2 30 98.125 93.096 341.7 0.431
19 2672 7.2 30 98.125 94.824 348.0 0.439
20 2652 7.1 30 98.125 87.756 322.1 0.412
21 2640 7.9 30 98.125 87.453 320.9 0.369
22 2638 7.5 30 98.125 92.475 339.4 0.411
23 2647 7.5 30 98.125 96.975 355.9 0.431
24 2652 8.1 30 98.125 102.789 377.2 0.423
25 2655 8.4 30 98.125 97.524 357.9 0.387
26 2654 8.2 30 98.125 97.662 358.4 0.397
27 2655 7.3 30 98.125 87.162 319.9 0.398
28 2653 7.5 30 98.125 89.775 329.5 0.399
29 2654 7.7 30 98.125 91.014 334.0 0.394
30 2656 6.9 30 98.125 76.176 279.6 0.368
31 2659 7.2 30 98.125 93.312 342.5 0.432
32 2661 7.1 30 98.125 96.276 353.3 0.452
33 2645 7.4 30 98.125 93.462 343.0 0.421
34 2696 7.5 30 98.125 87.3 320.391 0.388
35 2687 7.8 30 98.125 98.514 361.5 0.421
36 2612 8.1 30 98.125 102.546 376.3 0.422
37 2614 7.6 30 98.125 90.774 333.0 0.398
38 2605 7.7 30 98.125 85.239 312.8 0.369
39 2620 7.8 30 98.125 96.174 352.9 0.411
40 2705 7.3 30 98.125 87.162 319.9 0.398
Average 7.58 30 98.125 91.166 334.57 0.401

Appendix 7
Comparison of carbon stock in different pools

Plot
No

altitude AGB
(ton/ha)

AGC
(ton/ha)

BGB
(ton/ha)

BGC
(ton/ha)

LB LC
(ton/ha)

Soil
carbon
(Ton/ha)

Total

1 2654 868.6 408.242 173.72 81.6484 0.0914 6.136 85.905 581.9314
2 2668 530.9 249.523 106.18 49.9046 0.1738 11.91 95.865 407.2026
3 2680 523 245.81 104.6 49.162 0.1769 13.13 85.362 393.464
4 2700 246.5 115.855 49.3 23.171 0.1613 11.49 81.198 231.714
5 2717 703.6 330.692 140.72 66.1384 0.1324 9.284 84.132 490.2464
6 2736 472 221.84 94.4 44.368 0.1608 11.37 100.116 377.694
7 2730 377 177.19 75.4 35.438 0.1145 6.849 88.356 307.833
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8 2707 405 190.35 81 38.07 0.1632 10.54 84.774 323.734
9 2696 234 109.98 46.8 21.996 0.2282 15.57 96.3 243.846
10 2684 345.6 162.432 69.12 32.4864 0.1644 11.05 96.174 302.1424
11 2677 556.3 261.461 111.26 52.2922 0.1801 12.33 84.348 410.4312
12 2664 433 203.51 86.6 40.702 0.2301 15.69 81.06 340.962
13 2667 385.9 181.373 77.18 36.2746 0.1879 11.51 102.789 331.9466
14 2669 398.7 187.389 79.74 37.4778 0.1629 9.882 88.74 323.4888
15 2658 304.2 142.974 60.84 28.5948 0.1407 9.314 84.774 265.6568
16 2665 254.5 119.615 50.9 23.923 0.2096 13.34 81.918 238.796
17 2661 328.9 154.583 65.78 30.9166 0.2149 15.54 99.408 300.4476
18 2668 475.8 223.626 95.16 44.7252 0.147 9.592 93.096 371.0392
19 2672 456.8 214.696 91.36 42.9392 0.1178 7.447 94.824 359.9062
20 2652 351.8 165.346 70.36 33.0692 0.1415 9.512 87.756 295.6832
21 2640 241.9 113.693 48.38 22.7386 0.1215 7.793 87.453 231.6776
22 2638 567.9 266.913 113.58 53.3826 0.2004 13.49 92.475 426.2606
23 2647 443 208.21 88.6 41.642 0.1315 8.721 96.975 355.548
24 2652 234 109.98 46.8 21.996 0.1746 11.43 102.789 246.195
25 2655 267.4 125.678 53.48 25.1356 0.1403 8.764 97.524 257.1016
26 2654 472 221.84 94.4 44.368 0.1866 14.05 97.662 377.92
27 2655 233.4 109.698 46.68 21.9396 0.1716 12.16 87.162 230.9596
28 2653 256.3 120.461 51.26 24.0922 0.1911 11.67 89.775 245.9982
29 2654 292.1 137.287 58.42 27.4574 0.2251 14.35 91.014 270.1084
30 2656 257.3 120.931 51.46 24.1862 0.2138 14.18 76.176 235.4732
31 2659 394.5 185.415 78.9 37.083 0.1831 11.09 93.312 326.9
32 2661 324.5 152.515 64.9 30.503 0.1280 7.98 96.276 287.274
33 2645 267.5 125.725 53.5 25.145 0.1862 11.32 93.462 255.652
34 2696 385.7 181.279 77.14 36.2558 0.1355 9.924 87.3 314.7588
35 2687 262.6 123.422 52.52 24.6844 0.1694 12.41 98.514 259.0304
36 2612 523.5 246.045 104.7 49.209 0.1693 11.57 102.546 409.37
37 2614 394.7 185.509 78.94 37.1018 0.1120 7.084 90.774 320.4688
38 2605 246.9 116.043 49.38 23.2086 0.1752 12.13 85.239 236.6206
39 2620 358.6 168.542 71.72 33.7084 0.1997 11.67 96.174 310.0944
40 2705 307.6 144.572 61.52 28.9144 0.1956 12.68 87.162 273.3284
Aver. 384.59 180.756 76.92 36.1512 0.1677 11.149 91.166 319.2226

Altitude
class

Altitude
range

No
of
plots

AGB
(ton/h a)

AGC
(ton/ha
)

BGB
(ton/ha)

BGC
(ton/ha)

LB
(ton/ha)

LC
(ton/ha)

SOC
(ton/ha)

Higher 2700-
2750

6 385.6 181.3 77.1 36.2 0.1585 10.1427 88.908

Middle 2651-
2700

26 418.6 196.7 83.7 39.2 0.1726 11.5285 91.0887

Lower 2612-
2650

8 380.6 178.8 76.9 38.8 0.1541 10.3545 93.0908

Table 4.4 Carbon stock pools at different altitudinal gradient
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Temperature and Rainfalls of Sebeta and Addis Ababa Stations

Sebeta
Rainfall(mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec RF
1980 0 32.1 17.2 19.5 40.1 153 353 279 47.9 0 0 0 941.2
1990 0 157.9 18.6 116 33.5 74.3 245.6 221 138 23.8 3.4 0 1031.7
2000 0 0 3.2 75.7 37.3 96.3 173.7 183 216 26.8 21.4 24.6 857.5
2010 30.1 0 4.2 65.3 24.4 62.8 287.5 247 115 20.2 1.5 47.4 905.6
Aver. 934

Table 4.5Mean Rainfalls of Sebeta Station

Addis Ababa Rainfall
(mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Rainfall
1980 23.2 36.6 45.3 88.5 54.2 126 385.1 297 112 51.5 0 0 1219
1990 0.8 155.9 59.2 106 20 88.8 218.7 269 184 16.2 6 0 1124
2000 0 0 17.6 49.9 110 145 244.8 306 251 46.4 21.1 0 1191
2010 2.6 79.8 55.5 97.8 73.8 231 313.9 206 238 1.8 25.7 15 1216

Table 4.6Mean Rainfalls of Addis Ababa Station

Mean Temperature in degree Celsius

Yea
r

Jan Feb Mar Apr Ma
y

Jun Jul Au
g

Sep Oct Nov Dec Mea
n

198
0

16.
8

18.1 18.9 18.
6

19.
4

17.
4

16.0
5

16.
2

16.
9

16.
5

16.1 15.
7

15.6
5

199
0

16.
2

17.2
5

17.4
5

17.
7

18.
8

17.
2

16.3 16 16.
3

16 16.1 15.
3

15.3

200
0

16.
2

17.1
5

18.7
5

18.
9

18.
5

16.
8

16.3 15.
8

16.
4

17.
3

17.5
5

16.
4

16.3
5

201
0

16.
6

16.2
5

17.9 18.
7

18.
8

17.
4

16 16.
5

16.
5

17.
4

16 15.
9

15.8
5

Table 4.7 Mean Temperature in degree Celsius
Source: National Metrological Service Agency,
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APPENDIX 8
Location of the sample plots (UTM)
Plot
No

altitude

X- Coordinate Y- Coordinate
1 2654 37P0451526 0994072
2 2668 37P0451583 0994108
3 2680 37P0451664 0993977
4 2700 37P0451826 0993874
5 2717 37P0451902 0993902
6 2736 37P0452044 0994007
7 2730 37P0451910 0994007
8 2707 37P0451950 0994092
9 2696 37P0451969 0994218
10 2684 37P0452009 0994334
11 2677 37P0451997 0994399
12 2664 37P0451906 0994502
13 2667 37P0451891 0994445
14 2669 37P0451875 0994427
15 2658 37P0451775 0994344
16 2665 37P0451708 0994300
17 2661 37P0451660 0994364
18 2668 37P0451616 0994330
19 2672 37P0451592 0994291
20 2652 37P0451594 0994449
21 2640 37P0451737 0994344
22 2638 37P0451495 0994567
23 2647 37P0451474 0994496
24 2652 37P0451442 0994419
25 2655 37P0451439 0994343
26 2654 37P0451425 0994271
27 2655 37P0451452 0994231
28 2653 37P0451418 0994193
29 2654 37P0451419 0994139
30 2656 37P0451465 0994092
31 2659 37P0451495 0994020
32 2661 37P0451519 0993978
33 2645 37P0451740 0993761
34 2696 37P0452205 0994033
35 2687 37P0452222 0993851
36 2612 37P0452140 0994376
37 2614 37P0451737 0994347
38 2605 37P0452179 0994486
39 2620 37P0451456 0994001
40 2705 37P0451923 0993891



83


	1 INTRODUCTION
	1.1 BACKGROUND
	1.2 Statement of the Problem
	1.3 OBJECTIVES
	1.3.1 General objective
	1.3.2   Specific Objectives


	1.4. Review of Related Literature
	1.4.1. Global Climate Change and Greenhouse Gases
	1.4.2. Global Carbon Cycle and its Importance
	1.4.3. Meaning of Carbon Sequestration
	1.4.4. Role of Forest and Forest product in Carbon
	1.4.5. Carbon Sequestration in Different Ecosystem
	1.4.6. The Kyoto protocol and Forest Carbon stocks
	1.4.7. An Overview of Carbon Market
	1.4.8. Methods of Measuring Carbon stock in Differ
	1.4.8.1. Measuring Aboveground Biomass
	1.4.8.2. Measuring Belowground Biomass
	1.4.8.5 Dead wood biomass


	CHAPTER-TWO
	2. Materials and Methods
	2.1 Description of the Study Area
	2.1.1 Geographical Location
	2.1.2 Topography
	2.1.3 Geology
	2.1.4 Climate

	2.2 Data Type
	2.3 Vegetation
	2.4 Methodology
	2.4.1 Delineation of Project Boundaries
	2.4.2 Stratification of the Study Area
	2.4.3 Pilot Inventory for Variance Estimation
	2.4.4 Type and Number of Measurement Plots

	2.5 Field Measurements
	2.5.1 Vegetation Data Collection and Identificatio
	2.5.2 Species identification
	2.5.3 Field Carbon Stock Measurement

	2.6. Estimation of Carbon in Different Carbon Pool
	2.6.1 Estimation of Aboveground Tree Biomass (AGTB
	2.6.2 Estimation of Belowground Biomass (BGB)
	2.6.3 Estimation of Carbon Stocks in the Leaf Litt
	2.6.4 Estimation of Soil Organic Carbon
	2.6.5 Total Carbon Stock Density

	2.7. Data Analysis

	CHAPTER-THREE
	3. RESULTS AND DISCUSSION
	3.1 RESULTS 
	3.1.1 Forest condition of the study area

	3.1.2 Tree species and their DBH
	3.1.3 Forest carbon stock in different pools 
	3.1.5 Comparison of different carbon stock pools 
	3.1.6 Carbon Stock and Altitudinal Gradient
	3.1.7 Total Carbon Stock of Metti Forest
	3.1.8 Comparison different studies with current st

	5. REFERENCE
	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4
	Appendix 5

