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ABSTRACT

Comparison of above and below ground carbon stock across a different land use type: A case
of Jelo, Jelo-Muktar forest district, West Harrerge Zone, Oromiya Regional State

Ermias Bekure

Addis Ababa University, 2013

The present study was conducted to access the carbon stock estimation and comparison of
different carbon pools (above ground, below ground, litter and soil organic carbon found in
selected participatory and state managed old and young aged plantation and natural forest
blocks .The biomass and carbon stock storage of each tree were determined by using
quadrant plots of 10 x 20 m distributed along transect lines. Considering different variables
(DBH classes, age groups.) General tropical dry forest biomass regression equation and direct
laboratory result were used

The studies revealed that above and below ground carbon stock of the old age natural forest
blocks were 185.80 - 36.83 t ha -1, and above and below ground carbon stock of the young
age natural forest blocks were 29.80 --6.55 t ha-1), respectively.
Soil organic carbon stock of the old age natural forest blocks was 107.31 t ha -1 and the young
age natural forest blocks were 127.5 t ha 1.Litter carbon stock of the old and the young age
natural forest blocks were (3.98 t ha -1, 5.32 t ha-1), respectively.
The above and belowground carbon stock per hectare were higher for the old age group but
the young age forest blocks had higher Litter and soil organic carbon stock (t ha-1).
While comparing with other studies, the old age natural forest block (above and below ground
carbon) was larger than those estimates obtained in some countries and comparable to
estimates obtained in similar environmental conditions.

Concerning plantation forest blocks ,The mean above and belowground carbon stocks of the
old age plantation forest blocks were (36.72 t ha-1, 7.34 t ha-1) and The mean above and
belowground carbon stocks of the young age plantation forest blocks were (31.1 t ha-1, 6 t
ha-1 ). Soil organic carbon stock of the young and old age plantation forest blocks were (88.86
t c ha -1; 59.45 t c ha -1), respectively

The above and belowground carbon stock per hector were higher for the old age .In contrast
the young age plantation forest blocks had higher soil organic carbon stock.

Keywords: Biomass carbon stock, Land-use type, Carbon sequestration, Litter, Soil organic
carbon
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1. INTRODUCTION

1.1 Background of the Study

In the last century, numerous human activities such as land use changes and the burning of

fossil fuels have enhanced the greenhouse effect causing global climate change (IPCC,

2007). The greenhouse effect refers to temperature change caused by an increase in

atmospheric concentration of trace gases. These changes in climate occur from

anthropogenic emissions of greenhouse gases (GHGs) such as carbon dioxide (CO2),

nitrous oxide (N2O), and methane (CH4). The World Meteorological Organization (2009)

indicates that CO2 is currently at 385.2 parts per million (ppm), N2O at 321.8 parts per

billion (ppb), and CH4 is at 1797(ppb) which are all higher than from pre-industrial times.

The effects of increasing atmospheric carbon concentrations are impacting the environment

in multiple ways. One of the major consequences is global temperature increase. The

average global temperature is currently increasing at a rate of 0.17°C decade (IPCC, 2007).

This warming effect can lead to various detrimental environmental transformations such as

the disappearance of mountain glaciers, destruction of coral reefs and other ecosystems,

and shifts in vegetation zones (IPCC, 2007; Ozenda and Berel, 1990).

Land use change is in itself a component of global change. Increasing global populations

have increased the pace of land use change in recent decades. Greenhouse gas emissions

resulting from land use change remain high, although the rapid increase in fossil fuel use

has meant that the proportion of total human induced greenhouse gas emissions

attributable to land use change has fallen (Houghton et al. 1983). Overall, land use change

accounts for roughly 20% of the global warming attributable to increasing atmospheric

greenhouse gases.

Carbon sequestration is the process of removing excess carbon dioxide (CO2) from the

atmosphere and depositing it in a reservoir (UNFCCC, 1997). It is a way to mitigate the

accumulation of greenhouse gases in the atmosphere released by the burning of fossil fuel

and other anthropogenic activities. Through biological, chemical or physical processes,

CO2, which is one of the greenhouse gases captured from the atmosphere. While a carbon
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sink is a reservoir that collects and stores carbon containing chemical compound, it

removes CO2 from the atmosphere through absorption. Forests, soil, oceans, plants and

algae are natural sinks (Wulder et al., 2008).

The Kyoto Protocol recognized the importance of forests in mitigating the greenhouse gas

emissions (i.e. carbon dioxide, methane and others). Forests and soils are potential sinks

for elevated CO2 emissions and are being considered in the list of acceptable offsets

(UNFCCC, 1997). Sustainable forest development and forested landscape expansion is one

of the key approaches for reducing atmospheric carbon concentration. It is a safe,

environmentally acceptable, and cost-effective way to capture and store substantial

amounts of atmospheric carbon. The concurrent development of tradable carbon credits

provides financial incentives for considering carbon storage in forest management

decisions (Siry et al., 2006).

There are different means of carbon sequestration globally. These are oceanic, geologic

and terrestrial carbon sequestration .Oceanic carbon sequestration are natural CO2 sinks,

and represent the largest active carbon sink on Earth, consuming 93% of the world‘s CO2.

CO2 solubility is temperature dependent; cooling of surface waters tends to drive CO2

uptake, while warming drives the release of CO2 into the atmosphere (Eric et al., 2008). In

the 1990‘s, the ocean sink accounted for an uptake of 2.2-2.4 Gt C annually (Richard,

2008).

Geologic carbon sequestration involves injecting carbon dioxide, generally in supercritical

form, directly into underground geological formations. Oil fields, gas fields, saline

formations, unminable coal seams, and saline-filled basalt formations have been suggested

as storage sites. Various physical (e.g., highly impermeable cap rock) and geochemical

trapping mechanisms would prevent CO2 from escaping to the surface (Eric et al., 2008).

Terrestrial carbon sequestration is the process through which CO2 from the atmosphere is

absorbed by trees, plants and crops through photosynthesis, and stored as carbon in

biomass (tree trunks, branches, foliage and roots) and soils. Agriculture and forestry

activities can also release CO2 to the atmosphere. Therefore, a carbon sink occurs when
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carbon sequestration is greater than carbon releases over some time period (Mathews and

Robertson, 2002).

Terrestrial ecosystems apparently store a net 1.0-1.5 Gt C annually during the 1990s,

which includes the loss from deforestation and thus implies an average gross annual uptake

of some 2.5 Gt C during those years. Terrestrial ecosystems, and especially forests, are

increasingly valued because of their ability to sequester carbon. Much of this carbon

uptake is being attributed to increased rainfall associated with the warming trend in

temperature (Richard, 2008)

Major terrestrial carbon pools are components of the ecosystem that can either accumulate

or release carbon and have classically been split into five main categories: living above-

ground biomass (AGB), living below-ground biomass (BGB), dead organic matter (DOM)

in wood, DOM in litter and soil organic matter (SOM). Classification of carbon pools is

not strict and it is not the number of categories that is important but their completeness;

pools must not be double-counted and significant pools should not be excluded (Watson,

2008). The terrestrial carbon sequestrations depend on land use practices and different

ecosystem conditions that sustain established vegetation over longer periods.

There are many conventional methods for quantification of sequestered carbon. Many of

these methods are complicated, expensive and limited in their coverage such limitations

impede sound quantification and monitoring of carbon (MacDicken, 1997).Some of the

methods used for measuring carbon in biomass are: non-destructive sampling for biomass

(application of algometric or cylinder equations, or estimation of tree root biomass from

proximal root and algometric relations); destructive sampling of soil and vegetation

(harvesting vegetation, taking samples of litter and soil) (Jacobs , 2009 ).

1.2 Statement of the Problem

Climate change is happening and represents one of the greatest environmental, social and

economic threats facing the planet. Greenhouse gas levels are rising and are now at their

highest atmospheric concentrations. It is now widely recognized that large scale reductions

in carbon dioxide (CO2) emissions are required in order to limit the extent of climate

change modification.
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Anthropogenic CO2 emissions are largely results of burning fossil fuel (constituting 80

percent of such emissions) and Emissions of CO2 from land use and land-use change

represent up to 20 per cent. Global warming associated with the later is, however,

potentially not as high as that of the fossil fuel burning. Elevated CO2 concentration in the

atmosphere acts as a greenhouse gas causing the mean global temperatures to increase and

sea levels to rise, precipitation patterns to change, the frequency and severity of extreme

weather events to be potentially enhanced, and the acidification of the oceans to increase.

Land use changes account for about 1.6±1.0 Gt of CO2 to be released to the atmosphere

annually (IPCC, 1996) with the deforestation of tropical forests emit most GHGs (Mayers,

2007). Fossil fuel combustion alone currently accounts for annual emissions into the

Earth‘s atmosphere of about 23 x 109 tones of CO2 (or 25 Gt).This represents a global

increase in anthropogenic CO2 emissions of 70 percent between 1971 and 2002 (Bowling,

2002).

The terrestrial ecosystem is a major biological scrubber of atmospheric carbon dioxide that

can be significantly increased by careful management. Absorbing carbon dioxide from

atmosphere and moving into the physiological system and biomass of the plants, and

finally into the soil is the only practical way of removing large volumes of CO2 from the

atmosphere into the litho-biosphere systems. These systems where atmospheric C is

sequestered act finally serve as potential sinks of the terrestrial ecosystems (Ramachandran

et al., 2007).

About 500 billion tons of carbon is stored in vegetation worldwide. Deforestation and

forest degradation alone accounts for 17.4% of the world‘s greenhouse gas emissions. The

problem is especially acute in tropical and subtropical forests where conversions of forest

lands to arable and pasture lands as well as natural and anthropogenic forest and savanna

fires are decreasing the carbon stocks at the rate of 1-2 billion tons a year (Wulder et al.,

2008).

Unlike in the developed countries, Ethiopia does not have carbon inventories and databank

to monitor and enhance carbon sequestration potential of different land use types. This

makes the country fail to develop sustainable forest and land use management planning

that attracts climate finances through enhancing the environmental services of forests for
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the purpose of financing forest development through forest carbon finance. Some Studies

have been made to assess the biomass and soil carbon sequestration at micro-level in Bale

Eco-Region in Oromiya region by Farm Africa and SOS Sahel (BERSMP, 2010). These

projects are however, geographically limited and not enough to make inferences about the

national forest carbon accounting. Such interactive forest managing practices are so

important especially in a country like Ethiopia, where heavy degradation had been caused

by anthropogenic activities and different forest management prescriptions.

To my knowledge no studies has been conducted in the Jelo mountain forest land that

aimed at investigating the carbon sequestration potential of different land use types and

associated dynamics of this forest. Jelo Forest and the surrounding land use type is an ideal

location to make a comparison study of carbon sequestration potential of the different land

use type located adjacent to each other. Therefore, this study was taken up to estimate the

carbon stock across different land use type found in the Jelo Forest and its surrounding.

1.3 Objectives of the Study

1.3.1 General Objective

The overall objective of the study was to estimate and compare carbon stock in different

carbon pools in the participatory forest management blocks with the nearby state managed

plantation and natural forest bocks.

1.3.2 Specific Objectives

 To estimate above and below ground carbon stock in plantation and natural forest

blocks

 To estimate soil organic carbon stock in plantation and natural forest blocks

 To estimate carbon stock of litter in plantation and natural forest blocks

 To generate baseline information about the carbon stocks in participatory and state

managed plantations and natural forest blocks for subsequent research and

management.
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1.4 Research questions

 How much carbon stored in each carbon pool of participatory and state managed

plantation and natural forest blocks?

 Is there significant difference between each carbon pool of participatory and state

managed plantation and natural forest blocks (age and forest type)?

 What are the factors contributing to the difference in carbon storage between

participatory and state managed plantation and natural forest blocks?

1.5 Scope of the Study

The study was conducted in Jelo, Jelo-Muktare forest district West Hararghe Zone,

Oromia Regional State of Ethiopia. The study only assessed the carbon stock in

natural and plantation forest. This study focuses on the above ground biomass

(trees), bellow ground biomass, litters and soil organic carbon.
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2. LITERATURE REVIEW

2.1 Global Climate Change

Global climate change is any significant change in measures of climate (such as

temperature or precipitation) lasting for an extended period of time typically decades

(IPCC, 2007).The green house effect is one example of recent climate change on the earth.

The Earth receives most of its energy from the sun in the form of short wave radiation.

Much of this incoming solar radiation passes through the atmosphere to reach the Earth’s

surface. The Earth absorbs some of this energy and radiates some back into the atmosphere

in the form of infrared radiation. Outgoing infrared radiation has a longer wavelength than

incoming solar radiation and can therefore reabsorbed by certain gases in the atmosphere.

The main gases that absorb infrared radiation are carbon dioxide (CO2), methane (CH4),

nitrous oxide (N2O) and haloflouro carbons (HFCs). These gases trap some of the infrared

radiation and re-radiate it back to the Earth’s surface, causing a warming effect known as

the “greenhouse effect” (Figure 1). The greenhouse effect is necessary to life on Earth as

we know it; without it, the Earth’s surface would be about 35ºC (95ºF) cooler on average

(IPCC, 2007).

Over the past 200 years, however, the burning of fossil fuels and the destruction of forests

has caused the concentrations of heat-trapping greenhouse gases to increase significantly in

our atmosphere. With more of these gases in the atmosphere, more radiation is absorbed

and re-radiated back to Earth as heat. Thus, as the concentrations of these gases continue to

increase in the atmosphere, the Earth's temperature also continues to increase. In the 20th

Century, global temperatures have increased by 0.7ºC (1.3ºF) (IPCC, 2007). If

concentrations of greenhouse gases in the atmosphere continue to increase, the average

temperature at the Earth's surface could increase from 1.8 to 4 ºC (3 to 7ºF) above 2000

levels by the end of this century (IPCC, 2007) .
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Figure 1 The Greenhouse Effect Source: IPCC, 2007

Land use change is in itself a component of global change. Increasing global populations

have increased the pace of land use change in recent decades. Greenhouse gas emissions

resulting from land use change remain high, although the rapid increase in fossil fuel use

has meant that the proportion of total human-induced greenhouse gas emissions

attributable to land use change has fallen (Houghton et al. 1983). Overall, land use change

accounts for roughly 20% of the global warming attributable to increasing atmospheric

greenhouse gases. Land use change includes conversion of forests to agricultural,

industrial, and urban uses; cultivation of native grasslands, conversion of primary forests to

secondary forests and plantations; flooding of native ecosystems by construction of dams

and reservoirs; drainage of wetlands; loss of hedgerows, riparian vegetation, and scattered

trees due to agricultural intensification; and fragmentation of ecosystems by linear

corridors for pipelines, power lines, highways, etc.
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Among these land use changes, conversion of natural ecosystems to agricultural croplands

makes the largest single contribution to greenhouse gas emissions. Such disruptions

typically result in a large reduction of vegetation biomass and a loss of about 30% of the

carbon in the surface 1 m of soil (Davidson and Ackermann 1993; Anderson 1995).

Globally, conversion to arable agriculture has resulted in losses of about 50 Gt of C from

soils ( Scharpenseel and Becker-Heidmann 1994). Total emissions of C from land use

change, including that from biomass loss, have amounted to about 122 ± 40 Gt C.

(Schimel1995)

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 is the taking of action to avoid, reduce, minimize, rectify, or compensate for

adverse impacts. It is a reasonable strategy as portfolios of land use change and land-

management activities that are implemented over time and across landscapes to enhance

carbon storage or sequestration and reduce GHG emissions. Estimation of carbon

sequestration and GHG fluxes for various climates scenarios should inform the

development of strategies to adapt to climate change (US Geological Survey, 2010).

2.2 Carbon Sequestration

Carbon sequestration is a natural and deliberate processes by which CO2 is either removed

from the atmosphere or diverted from emission sources and stored in the ocean, terrestrial

environments (vegetation, soils, and sediments), and geologic formations. Before human-

caused CO2 emissions began the natural processes that make up the global carbon cycle

maintained a near balance between the uptake of CO2 and its release back to the
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atmosphere (Eric et al., 2008).There are different means of carbon sequestration globally.

These are oceanic, geologic and terrestrial carbon sequestration

2.2.1 Oceanic carbon sequestration

Oceans are natural CO2 sinks, and represent the largest active carbon sink on Earth,

consuming 93% of the world‘s CO2. Carbon dioxide dissolves in sea water before being

transported in organic and inorganic forms from the sea surface to the ocean‘s interior. A

small fraction of the organic carbon transported to the sea floor is buried in sediments and

ultimately forms fossil fuels such as oil and natural gas. CO2 solubility is temperature

dependent; cooling of surface waters tends to drive CO2 uptake, while warming drives the

release of CO2 into the atmosphere (Eric et al., 2008). In the 1990‘s, the ocean sink

accounted for an uptake of 2.2-2.4 Gt C annually (Richard, 2008).

2.2.2 Geologic carbon sequestration

This method involves injecting carbon dioxide, generally in supercritical form, directly

into underground geological formations. Oil fields, gas fields, saline formations,

unminable coal seams, and saline-filled basalt formations have been suggested as storage

sites. Various physical (e.g., highly impermeable cap rock) and geochemical trapping

mechanisms would prevent CO2 from escaping to the surface (Eric et al., 2008).

2.2.3 Terrestrial carbon sequestration

Terrestrial carbon sequestration is the process through which CO2 from the atmosphere is

absorbed by trees, plants and crops through photosynthesis, and stored as carbon in

biomass (tree trunks, branches, foliage and roots) and soils. Agriculture and forestry

activities can also release CO2 to the atmosphere. Therefore, a carbon sink occurs when

carbon sequestration is greater than carbon releases over some.time period (Mathews and

Robertson, 2002).Terrestrial ecosystems apparently store a net 1.0-1.5 Gt C annually

during the 1990s, which includes the loss from deforestation and thus implies an average

gross annual uptake of some 2.5 Gt C during those years. Terrestrial ecosystems, and

especially forests, are increasingly valued because of their ability to sequester carbon.

Much of this carbon uptake is being attributed to increased rainfall associated with the

warming trend in temperature (Richard, 2008)
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Major terrestrial carbon pools are components of the ecosystem that can either accumulate

or release carbon and have classically been split into five main categories: living above-

ground biomass (AGB), living below-ground biomass (BGB), dead organic matter (DOM)

in wood, DOM in litter and soil organic matter (SOM). Classification of carbon pools is

not strict and it is not the number of categories that is important but their completeness;

pools must not be double-counted and significant pools should not be excluded (Watson,

2008). The terrestrial carbon sequestrations depend on land use practices and different

ecosystem conditions that sustain established vegetation over longer periods.

2.3 Global Carbon Cycles and Forests

The world‘s greatest concern is on CO2 (Patenaude et al., 2005), hence an understanding of

global carbon cycles is one of the fundamental steps in addressing greenhouse gases

concern. Forest plays an important role in the carbon cycle as they dominate the terrestrial

vegetation, which exchanges CO2 with the atmosphere through photosynthesis and

respiration ( Patenaude et al., 2005). The rate at which greenhouse gases are being released

into the atmosphere has increased mainly due to the burning of fossil fuels for both

domestic and industrial purposes, but also as a result of land clearance and deforestation.

All plant materials contain carbon (normally around 50% of dry weight), and burning or

decomposition of cleared vegetation releases it to the atmosphere, mainly in the form of

CO2 (Matthews and Broadmeadow, 2003).

Plants and particularly trees, because of their large biomass per unit area of land, continue

to make an important contribution to the global carbon cycle (Matthews and

Broadmeadow, 2003). The CO2 absorbed by plants is transformed into carbohydrates that

are then stored in plant tissues during growth; hence they form a component of plant

biomass. As much of the flux is above the ground, estimation of forest structural attributes

such as aboveground biomass is therefore an important step in identifying the amount of

carbon in terrestrial vegetation pools and is central to global carbon cycle studies (Drake et

al., 2002).

The amount of carbon stored in a forest ecosystem depends on the age of forest and forest

site productivity. Terrestrial carbon sink may result from the global shift in forest age,
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when there is regional deforestation of old growth natural forests for the purpose of

commercial plantation establishment. In this respect it seems that forest age is one of the

points of intervention at which the future evolution of the carbon cycle might be influenced

by age dependent forest management practices. Most temperate and boreal forests are

actively managed, and forest age depends on the length of harvest cycles. As biomass

increases with stand age, postponing harvesting to the age of biological maturity may

result in the formation of a large carbon sink (Alexandrov and Yamagata, 2002; Ahern et

al., 1991)

2.4 The Kyoto Protocol and Forest Carbon Stocks

Two important and related international agreements address the pressing issue of reducing

anthropogenic greenhouse gas emissions in the atmosphere: the United Nations

Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol

(UNFCCC, 1997; Patenaude et al., 2005). The UNFCCC is an international environmental

treaty with the goal of achieving stabilization of greenhouse gas concentrations in the

atmosphere at a level that would prevent dangerous anthropogenic interference with the

climate system. The Kyoto Protocol is a Protocol to the United Nations Framework

Convention on Climate Change (UNFCCC or FCCC), aimed at fighting global warming

(UNFCCC, 2005). The Kyoto Protocol divides the world into two economic groups:

industrialized nations and economies in transition and developing countries with no

binding limits. Under the Kyoto Protocol, countries must reduce their human induced

GHG emissions by at least 5 % below their 1990 emission levels during the first

commitment period of 2008-2012. They are allowed to do this reduction through the

conservation and enhancement of the carbon stored in forest ecosystems (UNFCCC, 1997;

Patenaude et al., 2005). UNFCCC requires Parties to periodically report on biomass and

carbon stock changes in their forests. To use the sink capacity of forests to meet their

reporting requirements, Parties must therefore establish their levels of carbon stocks

(UNFCCC, 1997). The challenges that have to be addressed to meet this requirement

include acceptable methods, skills and terminology (FAO, 2005).
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2.5 Carbon Market

Carbon trading is a market mechanism allowing those most efficient at reducing emissions

to do so and trade their carbon credits with those who cannot reduce emissions as cost

effectively. It is a market mechanism to mitigate climate change. In carbon trading one

Party pays for another Party in return for greenhouse gas emission reduction or for the

right to emit (Rinaududo et. al., 2008). The Kyoto mechanisms allow the countries with

Kyoto commitments to meet their target of reducing greenhouse gas emissions in a cost-

effective way and motivate developing countries to join global emission reduction

(UNFCCC/ CCNUCC, 2009).

Developed countries have mainly caused climate change, but developing countries bear a

disproportionate share of the impacts. Impacts are expected to be most severe in low-

latitude and less developed areas. In this respect Sub-Saharan Africa (SSA) is considered

to be one of the most vulnerable regions for climate change impact, because of the high

exposure and the low adaptive capacity of agriculture, which is the most important

livelihood of this people in this region (IPCC, 2007). Thus, carbon trading offers an

opportunity to increase climate equity. Treaties include potential to finance mitigation and

adaptation to climate change and enhance sustainable development.

2.6 Forest Biomass and Carbon Sequestration Assessment

Biomass is the total mass of all living organisms; most of it on the Earth is produced by

green plants through photosynthesis. It is of fundamental significance in ecosystems, it

provides the entire basis of energy flow and food chain. Biomass is also vital for human

beings the largest portion of our food supply is from plants (Hua et al., 1996). Even though

the subject of biomass assessment has received considerable attention for quite sometimes,

especially after pulpwood demand in 1960s and oil crisis in 1970s (de Gier, 2003), the

amount of carbon stored in the biomass has gained special attention as a result of the

United Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto

Protocol. Under these agreements, countries are required to estimate and report CO2

emissions and removals by forests. The developing global carbon markets, particularly

because of the incorporation of a Clean Development Mechanism (CDM) in the Kyoto
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protocol, require accurate and reliable methods to quantify the sources and sinks of carbon

in forest. Estimation of biomass of forests is a usual practice to quantify fuel and wood

stock and allocate harvestable amount (Dias et al., 2006).

Forest biomass assessment is important for national development planning as well as for

scientific studies (Zianis and Mencuccini, 2004). It is an important element in the carbon

cycle, specifically carbon sequestration; it is used to help quantify pools and fluxes of

GHG from the terrestrial biosphere to the atmosphere associated with land-use and land

cover changes (Cairns et al., 2003). The concentration of atmospheric carbon dioxide,

which is the major constituent of GHG, has increased from 278 ppm in the pre-industrial

era (1750) to 379 ppm in 2005 ( UNEP, 2007) an average of 0.4 ppm / year. The process of

CO2 emission was slow until early 1900s.With the increasing concern for rising CO2

concentrations, the role of forests, as a sink, for assimilation of elevated atmospheric CO2

is being increasingly realized .Hence several studies across the globe are currently

undertaken to characterize and determine the natural and planted forest ecosystems for

their potential in sequestrating atmospheric CO2 in relation to forest management and

utilization as well as land use land cover changes. Intergovernmental Panel on Climate

Change (IPCC, 2006) provided guidelines to assist countries in developing carbon

assessment methodologies. These guidelines are organized into three `tiers', each providing

successively increased accuracy and thus potentially higher financial returns for

monitoring and verifying carbon stocks and emissions. The Tier I approach is the most

general, based on simple nationwide estimates of forest cover and generic forest carbon

density values (e.g., tons of carbon per hectare). Tiers II and III provide increased detail on

carbon stocks and emissions at regional and national levels using a combination of plot

inventory, satellite mapping and carbon modeling approaches. To achieve Tier III levels of

accuracy, both aboveground and belowground live and dead carbon stocks must be

estimated and modeled (Gibbs et al., 2007).

Detailed estimations of biomass of all land cover types are necessary for carbon

accounting, although reliable estimates of biomass in the literature are few. Biomass

productivity and rate of carbon sequestration are generally high in tropical forests,

reflecting their influence on the global carbon cycle, if land use change kept minimal.

Tropical forests also have great potential for the mitigation of CO2 through appropriate.
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Conservation and management (FAO, 2005). This is, however, so far a challenge, because,

carbon emission form land use land cover change is substantially high.

2.7 Forest Carbon Accounting

2.7.1. Above ground biomass (AGB)

The AGB carbon pool consists of all living vegetation above the soil, inclusive of stems,

stumps, branches, bark, seeds and foliage. For accounting purposes, it can be broadly

divided into trees and understory. The most comprehensive method to establish the

biomass of this carbon pool is destructive sampling, whereby vegetation is harvested, dried

to a constant mass and the dry-to-wet biomass ratio established. Destructive sampling of

trees, however, is both expensive and somewhat counter-productive in the context of

promoting carbon sequestration. Two further approaches for estimating the biomass

density of tree biomass exist and are more commonly applied. The first directly estimates

biomass density through biomass regression equations. The second converts wood volume

estimates to biomass density using biomass expansion factors (Brown, 1997).

2.7.2. Below ground biomass (BGB)

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). Cairns et al. (1997) review 160 studies covering tropical,

temperate and boreal forests and find a mean root-to-shoot (RS) ratio of 0.26, ranging

between 0.18 and 0.30. Although roots are believed to depend on climate and soil

characteristics (Brown and Lugo, 1982), Cairns et al. (1997) found that root to shoot ratios

were constant between latitude (tropical, temperate and boreal), soil texture (fine, medium

and coarse), and the tree-type (angiosperm and gymnosperm).

2.7.3 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
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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).

2.7.4 Dead organic matter (litter)

The DOM litter carbon pool includes all non-living biomass with a size greater than the

limit for soil organic matter (SOM), commonly 2 mm, and smaller than that of DOM

wood, 10cm diameter. This pool comprises biomass in various states of decomposition

prior to complete fragmentation and decomposition where it is transformed to SOM. Local

estimation of the DOM litter pool again relies on the establishment of the wet-to-dry mass

ratio. Where this is not possible default values are available by forest type and climate

regime from IPCC ranging from 2.1 tons of carbon per hectare in tropical forests to 39 tons

of carbon per hectare in moist boreal broadleaf forest (IPCC, 2006).

2.7.5 Soil organic matter (SOM)

SOM includes carbon in both mineral and organic soils and is a major reserve of terrestrial

carbon (Lal and Bruce, 1999). Inorganic forms of carbon are also found in soil: however,

forest management has greater impact on organic carbon and so inorganic carbon impact is

largely unaccounted. SOM is influenced through land use and management activities that

affect the litter input, for example how much harvested biomass is left as residue, and

SOM output rates, for example tillage intensity affecting microbial survival. In SOM

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 (Watson, 2008).
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2.8 Assessment of biomass and carbon stock in present land use

Application of appropriate biomass estimation methods and transparent and consistent

reporting of forest carbon inventories are needed in both scientific literature and the GHG

inventory measures (Somogyi et al., 2006). A variety of approaches and data sources have

been used to estimate forest biomass and forest carbon stocks in different pools.

Forest inventory measurements and direct estimation of aboveground biomass through

destructive harvesting could greatly improve our quantification of forest carbon stocks.

Measurements of diameter at breast height (DBH) and diameter at stump height (DSH)

alone or in combination with tree height can be converted to estimates of forest carbon

stocks using linear relationships derived from various allometric equation, volume tables

and yield tables (Wulder et al.,2008).

The linear regression equation approach requires the selection of the regression equation

that is best adapted to the conditions in the study area. Linear regression models have been

fitted to data in various situations of variable site and ecological conditions globally. The

work done by Brown, et al., (1989) and FAO (1997) on estimation of biomass of tropical

forests using regression equations of biomass as a function of DBH is central to the use of

this approach. Some of the equations reported by Brown, et al (1989) have become

standard practice because of their wide applicability. Table 1 presents a summary of the

equations, as found in the specialized literature, including the restrictions placed on each

method.
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Table 1 Estimation of biomass of tropical forests using regression equations of

biomass as a function of DBH

AUTHOR EQUATION

Restrictions: DBH and

climate based on annual

rainfall

FAO (FAO-1) Y = exp{-1.996 + 2.32 x

ln(DBH)}

R2 = 0.89

5 < DBH < 40 cm

Dry transition to moist

(rainfall > 900 mm)

FAO (FAO-2) Y = 10 ^ (-0.535 + log10(π x r2))

R2 = 0.94

3 < DBH < 30 cm

Dry (rainfall < 900 mm)

FAO (FAO-3) Y = exp{-2.134 + 2.530 x

ln(DBH)}

R2 = 0.97

DBH < 80 cm

Moist (1 500 < rainfall <

4 000 mm)

Winrock (from

Brown, Gillespie

and Lugo, 1989)

(Winrock-1)

Y = 34.4703 - 8.0671 DBH + 0.6589

DBH2 R2 = 0.67

DBH ≥ 5 cm

Dry (rainfall < 1 500

mm)

Winrock (from

Brown, Gillespie

and Lugo, 1989)

(Winrock-DH)

Y = exp{-3.1141 + 0.9719 x

ln[(DBH2)H]} R2 = 0.97

DBH > 5 cm

Moist (1 500 < rainfall <

4 000 mm)

Winrock (from

Brown Gillespie

and Lugo, 1989)

(Winrock-DHS)

Y = exp{-2.4090+ 0.9522 x

ln[(DBH2)HS]} R2 = 0.99

DBH > 5 cm

Moist (1 500 < rainfall <

4 000 mm)

Luckman Y = (0.0899 ((DBH2)0.9522) x (H0.9522)

x (S0.9522))

Not specified

Note: π = 3.1415927; r = radius (cm); DBH = diameter at breast height (cm); H = height

(m); BA = ϑ x r2; and S = wood density (0.61).Source: FAO (2004)
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3. MATERIAL AND METHODS

3.1 Geographical Location

This study was undertaken in Jelo mountain forest, Jelo-Muktar forest district, West

Hararge Zone of Oromia National Regional State. Jelo mountain forest is one of the

remaining patches of forests in the region (.6.5 km far from the district town, Assebe

Teferi to south and 332.5 km from Addis Ababa on the way to Harer).This forest is located

between the geographical coordinate 34°18'43"-43° 04' 33" E longitude and 100 09' 24"-

30° 18' 43"N latitude (Figure 2). As these forests are located on the mountain the

topography is highly dissected by river valleys and gorges cut through the hills. The

altitude of this forest ranges between 2,118 and 3,017 meter above sea level. (West Harage

Forest and Wildlife protection Enterprise office (2012).

3.2 Geology

The geological formation of the study area falls within the geological structure of the Horn

of Africa. According to Westphal (1975),the eastern highlands of Ethiopia which includes

the study area, is formed by intensively folded underlying basement of Pre-Cambrian

rocks, overlain by Mesozoic strata and then by tertiary basalt traps. The main soil types

include 32% black, 25.5 % red and 42.5% is brown (loam) soil.
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Jelo mountain forest Muktar mountain forest

Figure 2 Location map of the study area and sample plot distribution in Jelo

mountain forest

3.3 Climate

As most areas in Ethiopia, there are three seasons in the study area: main rainy season

(June to September), dry season (October to January), and small rainy season (February to

May), which are locally known as Kiremt, Bega, and Belg, respectively. According to the

traditional agro-climatic classification system, which considers only temperature and

altitude, the study lies within dega zone. The climatic condition is generally humid. The

annual mean temperature ranges from 22.5-24.5 °c. It has a bimodal rainy season
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withnnual rain fall ranging from 1025 - 1200 mm. The main rain season is from June up to

August and the short rain from February up to April. More than 75% of the total rain falls

in June, July, August and September (locally known as kiremt season). It is in this season

that the major agricultural activities such as plowing, sowing and weeding are carried out

in the nearby study area. At the national level as well, some 85 to 90% of the harvests are

due to the kiremt rains (Woldeamlak, 1998). The dry months are November, December,

January and February (locally known as bega season), when less than 5% of the annual

total rainfall occurs.

3.4 Vegetation

Detailed data of the fauna and floristic composition of the Jelo mountain Forest is available

from the studies carried out by Western Hararge Zone Forest and Wildlife protection

Enterprise office (2012). Croton macrostachyus Del., Juniperus procera, Podocarpus

falcatus (Thmb.) R.B. ex. Mirb., Vernonia amygdalina Del. , Hagenia abysinica (Table 2).

There are also planted species as a result of plantation activities at middle and in most of

open areas bordering the natural forest. Such as Juniperus procera, Cupressus lusitanica,

Eucalyptus Camaldulensis Dehnh. , Hagenia abyssinica (Bruce) J.F Gmel., Acacia saligna

are some of the planted species found in the study site. The wildlife population includes

mammals, birds, reptiles etc both in the natural and plantation forests.
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Table 2 The type of tree species found in the 9 blocks of Forest Conservation

Associations

Source s: West Harerge zone forest and wild life enterprise office (2012)

Jelo mountain forest was owned and controlled by the state before the Oromia National

Regional State forest and wild life protection enterprise was established. The enterprise

established as an autonomous public enterprise in accordance with articles 49(1) of the

proclamation no 87/2005. The enterprise has its head office in Addis Ababa and have

branch office in different zones of Oromia regional state .The enterprise had the following

objective

 To protect and conserve forest and wildlife resourses in its concession through

participation of the local communities.

 To increase the area of forest cover in Oromia by undertaking extensive forest

development through the provision of the necessary support to local comities for

their involvement in extensive forest development

Scientific name Family name Oromafa name Amaharic name

Croton macrostachyus Del. Eurphorbiaceae Bakkanisa Bisana

Juniperus procera Hochst.ex

A.Engl.

Cuppressaceae Gaanttira biyya Yeabesha Tsid

Podocarpus falcatus (Thmb.) R.B.

ex. Mirb.

Podocarpaceae Birbirsa Zigba

Vernonia amygdalina Del. Asteraceae Ebicha Girawa

Hagenia abyssinica (Bruce  J.F

Gmel.

Rosaceae Hexo Koso

Ekebergia capensis Sparrm. Meliaceae Sombo Sombo

Olea europea sup.cuspidata Oleaceae ejersa Weyra

Cupressus lucitanica Mill Cuppressaceae Gattira faranjii Yeferng tid
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 Devote share of the revenue obtained from sales of forest and wild life products for

socioeconomic development of communities living around the forest wildlife

conservation areas.



 Devote share of the revenue obtained from sales of forest and wild life products for

socioeconomic development of communities living around the forest wildlife

conservation areas.

The enterprise administered the forest land estimated at 175,248,932 hectares .These areas

comprise natural forest, plantations and none forested lands. From these forest lands 9330

hectares were found in Jalo-Muktare forest district, west Harerghe Oromia zone (Table 3)

Table 3 East and West Harerghe zone forest and wild life enterprise concession areas

Jalo-Muktare* forest (the present study area)

Jelo mountain Forest is surrounded by 3 peasant associations (Chirokela, Sororo, Najabas)

and two weredas (Chiro, Gemechis).

After the Oromia National Regional State forest and wild life protection enterprise was

established, jelo Forest (approximately 1879 ha) is owned by FCs/FUGs and managed by

Participatory Forest Management (PFM) approach This forest was delineated into nine

forest block by GtZ and the West Haraghe forest and wild life enterprise 1996 (GtZ,

2004).These areas include: Kare-jelo, Sido, Gutema, Wesene, Dara, Chefe, Memire,

Mederiya, and Gode (Table 4).

No Forest name zone Forest Area (hectares)

Plantation Natural forest Other land Total

1 Jalo-Muktare* West/ H 2358 3628 3344 9330

2 Dindin West /H 1400 6650 0 8050

3 Gara Mulata East /H 700 0 736 1436

4 Jarso Gursum East/ H 500 0 17103 17603

Total 4958 10278 21183 36419
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Table 4 Jalo Forest Cooperatives members and their forest areas

N Wereda Rural

Kebels

No of

Cooperative

M
ale

Fem
ale

Total house

hold

Forest area (ha)

N
atural

Plantation
O

ther
Total

1 Chiro Chiro Qeia Kare-jelow 40 10 50 209 --- - 209

2 Chiro Chir Qela Sido 46 14 60 100 226 - 326

3 Chiro Chir Qela Gutema 61 9 70 73 100 - 273

4 Gmechis Sororo Wesene 51 9 60 184 20 - 204

5 Gmechis Sororo Dara 43 7 50 120 30 - 150

6 Gmechis Sororo Chefe 52 8 60 190 50 - 240

7 Chiro Najabas Najabas 105 35 135 457 20 - 477

8 Chiro Najabas Najabas 1333 446 - 1879

Total 398 92 485 1333 446 - 1879

Sources: West Harergh zone forest and wild life enterprise office (2012)

3.5 The Sources of Data.

3.5.1 Primary Data Sources.

The primary data were obtained from field measurements to estimate carbon stock of the

study forest and field observation check list .Participatory and state managed plantation

and natural forest blocks was carefully observed and checked with the help of cheek-lists,

analysed and discussed.

3.5.2 Secondary Data Sources

Secondary data relevant to this study were collected from different resources including

published and unpublished materials, policies, program, journals, articles, reports, and

electronic web sites.

3.6 Samples and Sampling Procedures

3.6.1 Selection of the forest block



25

Two forest blocks from state managed natural and plantation forest blocks (Najabas) were

included out of the four in the study, using purposive sampling technique .The reason

behind these forest blocks selection was that, they could be good representative of high

forest block (Forest land never been tiled).Moreover forest lands areas were demarcated on

the ground map .Among the six forest cooperatives / user groups natural and plantation

forest blocks two of them were chosen by purposive sampling technique based on various

reasons. The plantation trees are recently planted. and their heights are below one meter

and DBH < 5 cm. Accordingly, two forest blocks from state managed forest blocks

(Najabas ) and the other two from participatory forest management bocks (Wesene,and

Chefe ).were selected .

3.6.2 Delineation of the Forest Boundaries

The first step in forest carbon stock measurement is delineation of the forest boundaries

(Bhishma et al., 2010). The boundaries of the study forest area were delineated to facilitate

accurate measurement and accounting of the forest carbon stock. GPS points were used for

delineation of boundary of the study area (Appendix 1 and 2). However jelo Forest was

divided into the already delineated forest blocks among two state managed Najabas forest

block and six forest cooperatives.

Expected human pressure, different environmental factors and accessibility, and systematic

sampling design were used. As it is a more efficient sampling scheme in natural forest,

provides population estimates with smaller standard error, and gives separate estimates for

subpopulation and an overall estimate for the whole population ( REDD Methodological

Module, 2009).

In each forest blocks, rectangular plots of 10 m x 20 m presented were laid down at

approximately 100 m from each transect entrance to avoid marginal effect. Since

rectangular plots were chosen as they tend to include more of the within-plot

heterogeneity, and thus be more representative than square or circular plots of the same

area. Using measuring tape, Garmin76 GPS, and Silva compass following (Lamprecht,

1989), the distance between plots and transect lines ranged from 250 to 300 m and 300 to
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350m depending on the length and width of the forest block and systematically selected

homogenous and representative forest within the forest patch were align.

A total of 48 sample plots were used to assess carbon stocks in above, below ground

biomass, litter and organic soil carbon of Jelo natural and plantation forests,

3.7 Field Measurements

The methodology and procedures to be used to estimate carbon stocks are 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, and leaf litter biomass and soil carbon of forests using

verifiable modern methods. As indicated in Pearson et al. (2005), the following were the

steps followed in forest carbon measurement during the field data collection. Each activity

is discussed in detail in the subsequent paragraphs.

Diameter at breast height was measured for every individual tree having DBH 5 cm

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. Trees with multiple stems or fork below

1.3 m height were also treated as a single individual (Kent and Coker, 1992). All trees with

DBH of 5 cm were measured and recorded. Plant specimens were collected, pressed,

dried and identified at the National Herbarium of the Addis Ababa University using

specimens in the Herbarium and published volumes of Flora of Ethiopia and Eritrea.

3.7.1 Above Ground Biomass (AGB)

Trees with DBH ≥ 5 cm were measured in each plot using diameter tape, starting from the

edge and working inwards, and marking each tree to prevent accidentally counting it twice.

Each tree was recorded individually, together with its species name and ID.

3.7. 2 Leaf Litter

Litter samples were collected in a 1 x 1 m rectangular sub-plot within the larger plot. A

total of five sub-plots (four at corners and one in the center) were used for litter collection.

The leaf litter within each 1 m2 sub plot was collected and weighed. A composite sample
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of 100g was submitted for laboratory analysis at Holeta Agricultural Research institute.

The total dry weight was determined in the laboratory after oven drying of the sample for

48 hours at 650oC using dry ashing method as perc Allen et al. (1986). Oven-dried samples

were taken in pre-weighed crucibles. The samples were ignited at 550oC for one hour in

muffle furnace. After cooling, the crucibles with ash were weighed and percentage of

organic carbon was calculated. Finally, carbon in leaf litter (t ha-1) for each site was

determined. Dead wood was not considered in this study due to lack the budget.

3.7.3 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. (Addis Ababa environmental protection laboratory)

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

vessel, the ashing vessel and soil kept in to the dry oven set at 105oC and dried for four

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

atmosphere. After cooling about 0.01g was measured and the ashing vessel and soil kept in

a muffle furnace at 400oC 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 soil following Storer ( 1984).Finally, the bulk density, soil

organic matter and soil organic carbon were calculated.

3.8 Estimation of Carbon in Different Carbon Pools

3.8.1 Estimation of Carbon in the Above Ground Biomass (AGB)

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

tree biomass (AGB). Bhishma et al. (2010) defined 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



28

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.

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

estimate the above ground biomass. These equations are different depending on the types

of species, geographical locations, forest stand types, climate and others (Negi et al., 1988;

Brown; 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 above ground biomass,

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

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

that was used to calculate the above ground biomass is given below:

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

(eq.1)

Where, Y is above ground biomass, DBH is diameter at breast height.

3.8.2 Estimation of Carbon in Below Ground Biomass (BGB)

Below ground biomass estimation is much more difficult and time consuming than

estimating aboveground biomass (Geider et al., 2001). According to MacDicken (1997),

standard method for estimation of below ground biomass can be obtained as 20% of above

ground tree biomass i.e., root-to-shoot ratio value of 1:5 is used. Similarly, Pearson et al.

(2005) described this method as it is more efficient and effective to apply a regression

model to determine belowground biomass from the knowledge of biomass in aboveground.

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

used. The equation is given below:

BGB = AGB × 0.22 …………………………… (eq.2)

Where, BGB is below ground biomass

AGB; is above ground biomass

0.2 is conversion factor (or 20% of AGB).
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For both AGB and BGB, the biomass stock density was attained in Kg/m2 by means of

dividing the sum of all individual tree biomass (Kg) in a plot by the area of the plot (m2).

The value was converted to ton/ha by multiplying it by 10. Since the plot areas are part of

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

multiplication factor 3.67 was used to estimate CO2 equivalent (Pearson et al., 2005).

3.8. 3 Estimation of Carbon in the Litter Biomass (LB)

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

can be calculated by:

LB = ……………. (eq.3)

Where: LB = Litter (biomass of litter ton/ha)

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).

The percentage of organic carbon storage from the dry ashing in the litter carbon pool was

calculated as follows (Allen et al., 1986)

%Ash = Wc-Wa * 100……………………………. (eq. 4)

Wb-Wa

%C= (100-Ash %)* 0.58…………………………. (eq. 5)

Where, C= organic carbon (%)

Wa= The weight of the crucible (g)

Wb= The weight of oven dried grind samples and crucibles (g)

Wc = The weight of ash and crucibles (g)

Carbon stocks in leaf litter biomass

CL = LB × % C……………………………………….. (eq.6)
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Where, CL is total carbon stocks in the leaf litter in ton/ha, % C is carbon fraction

determined in the laboratory (Pearson et al., 2005).

3.8.4 Estimation of Carbon in Soil Organic Carbon (SOC)

The carbon stock density of soil organic carbon was calculated as recommended by

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

V = h X  r2 ……………………………………. (eq.7)

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

in cm, and r is the radius of core sampler in cm (Pearson et al., 2005). Moreover, the bulk

density of a soil sample can be calculated as follows:

BD = ……………………………………. (eq.8)

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

soil sample per the quadrant, V is volume of the soil sample in the core sampler in cm3

(Pearson et al., 2005). Then, the carbon stock in soil was calculated as follows:

SOC = BD * d * % C ………………………………… (eq.9)

Where, SOC= Soil Organic Carbon stock per unit area (ton/ha-1),

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

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

%C = Carbon concentration (%) determined in the laboratory

3.8.5 Total Carbon Stock Density

The total carbon stock density was calculated by summing the carbon stock densities of

the individual carbon pools using the Pearson et al. (2005) formula.

Carbon stock density of the study area:

C density = CAGB + CBGB + C Lit + SOC……………………….. (eq.10)

Where:
C Density =   Carbon stock density for all pools (t 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)
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SOC = Soil organic carbon (t C ha-1)

The total carbon stock was then converted to tons of CO2 equivalent by multiplying it by

44/12, or 3.67 (Pearson et al., 2007).

3.8.6 Data Analysis

Paired t-tests were applied to compare the means carbon stock of the individual carbon

pools in old and young aged plantation and natural forest blocks to test significant

differences in carbon stocks. Total old and young age plantation natural forests tree carbon

stock was also compared, including the cumulative carbon stock of trees, litter, and soil.

All these statistical analyses were conducted using the SPSS version 15 and Ms-Excel

Statistical significance was defined as p < 0.05.
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4. RESULTS AND DISCUSSION

4.1 Carbon stock in natural forest

A Total of 28 different species were recorded from the current study of old and young age

participatory and state managed forest blocks of Jelo. (Appendix 3, 4)

4.1.1 Biomass

A total of 32 sample plots were analyzed for above ground carbon stock estimation and

comparison. Contain 16 samples plots from old and young age natural forest blocks each.

Within these plots 497 trees were found in the participatory forest management young aged

natural forest blocks, and the other 237 trees in state managed old aged natural forest

blocks. (Appendix 3, 4) Individuals having DBH ≥5 cm were measured and analyzed for

the estimation and comparison of above and below ground biomass carbon storage levels

in the study area. (Appendix 3, 4)

Diameter at breast height of the old age natural forest trees were ranging from 11.75 to

75.5 cm and the young age natural forest trees 5.43 to 57.1 cm. The old age natural forest

trees had mean DBH, height and above ground biomass of 27.06 cm, 20.47 m and 388.63

(ton/ha) respectively .young age natural forest trees had mean DBH of 22.91cm, height of

6.7 m and above ground biomass of 61.23 (ton/ha) respectively (Table 5). According to the

result the old age natural forest trees were higher in DBH, height and biomass when

compared to the young age natural forest trees.

Table 5 Tree parameter of the old and the young age natural forest trees

Management No

plots

Age

class

Tree parameter No of Stem Min Max Mean SD

State 16 Old

DBH (cm) 237 11.75 75.70 27.06 17.56

Height( m) 273 10 35.9 20.47 8.38

AGB(ton/ha) 237 51.05 1392.16 388.63 408.78

Participatory 16 Young

DBH (cm) 497 5.43 57.1 22.91 18.31

Height ( m) 497 5.00 14.10 6.7 2.80

AGB(ton/ha) 497 11.94 247.2 61.23 72.15
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4.1.2 Above ground biomass

The above ground biomass of the natural forest blocks was 449.74 t ha-1 which was the

sum of 388.63 t ha-1 mean above ground biomass of the old age natural forest blocks and

61.11 t ha-1 mean above ground biomass of the young age natural forest blocks (figure 3).

The minimum and maximum above ground biomass for the old age natural forest blocks

were 51.05 and 1392.16 t ha-1 and for the age was 11.94 and 247.2 t ha-1 (Appendix 5 and

6) hence the above ground biomass of the old age natural forest blocks were greater than

the above ground biomass of the young age natural forest blocks.

Figure 3.Above ground biomass unit of the old and young age natural forest trees

4.1.3 Above ground carbon stock

A total of 32 sample plots were analyzed for above ground carbon stock estimation.

Sixteen samples plots from old and young age natural forest blocks each. The carbon stock

of the young and the old age groups were calculated according to standard conversion

factor of 0.5 c x biomass (IPCC, 2003).The total above ground carbon stock of the old age

natural forest blocks were 185.8 t c ha-1 and the young age natural forest blocks were 29.80

c t ha.1.Thus total mean above ground carbon stock of old and young age natural forest

blocks were 215.6 c t ha-1 (Table 6).

The result showed there was highly significant difference between above ground carbon

stock of the old and the young age natural forest blocks at p<0.05 (Appendix
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20).Therefore, carbon content of the old age natural forest block was greater than carbon

content of the young age natural forest blocks

The minimum and maximum above ground carbon stock of the young age natural forest

blocks were 5.61 and 116.18 c t ha-1.and the old age natural forest blocks were 25.53 and

654.31 c t ha-1, respectively. The above ground carbon dioxide sequestration of old and

young age natural forest trees was 681 and 162.09 c t ha-1(Appendix 5, 6) .The total carbon

dioxide (Co2) sequestration of old and young age natural forest block were 843.09.c.t ha-1

Table 6 Above ground carbon stocks in the old and the young age natural forest block

Forest

management
Forest blocks Age class Minim Maxim Mean SD

P-

value

State Gemechise-1 and 2 Old 25.53 654.31 185.8 193.42

Participatory Chefe and Wesene Young 5.61 116.18 29.8 34.69

Total 31.14 770.49 215.6 228.11 0.005

4 .1.4 Below ground biomass

The mean of belowground biomass of natural forest blocks was 90.52 t ha-1,the sum of

77.07 t ha-1 mean below ground biomass of old age natural forest blocks and 13.45 t ha-1

mean below ground biomass of the young age natural forest blocks (Figure 4). The

minimum and maximum below ground biomass for old age natural forest blocks were 3.21

and 278.43 t ha-1 .The minimum and maximum below ground biomass for young age

natural forest block were 2.39 and 45.05 t.ha.1, . This result indicated that below ground

biomass of old age natural forest blocks were greater than young age natural forest blocks
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Figure 4. Below ground biomass of old and young age natural forest blocks

4.1.5 Below ground carbon stock

Total below ground carbon stock per hectare was estimated from the above ground carbon

stock in 16 sample plots of the old age groups. Mean below ground carbon stock of the old

age group was 36.83 t c ha -1. Likewise, the total below ground carbon stock of the young

age group was estimated from the above ground carbon stock in 16 sample plot. Mean

below ground carbon stock of the young age group was 6.55 t c ha -1. According to the

result in t-test analysis indicated that mean below ground carbon stock of the old age group

was 36.83 t c ha -1 and young age groups 6.55 t c ha -1 was insignificant .The minimum and

maximum below ground carbon stock in the old age groups were 1.61 and 130.86 t c ha -

1and the young age groups were 1.12 and 22.53 t c ha -, respectively.

Below ground carbon dioxide sequestration of old and young age groups was 136.31 and

49.54 t ha -1, respectively. The total mean carbon dioxide sequestration capacity of below

ground biomass of old and young age groups were 142.86 t.c.ha-1 .Table 7 presents the

mean, maximum, minimum, standard deviation value of carbon stock in old and young age

natural forest blocks.
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Table 7 Below ground carbon stock of the old and young age natural forest blocks

Forest blocks Age class Minim Maxim Mean SD P-value

Gemechise-1and2 Old (t ha-1) 1.61 130.86 36.83 38.94

Chefe & wesene Young(t ha-1) 1.12 22.53 6.55 6.91

Total 2.73 153.39 43.38 45.85 0.007

4.1.6 Litter biomass

The litter mean biomass was 1.08 t ha-1, the sum of 0.62 t ha-1 mean litter biomass of the

young age natural forest block and 0.46 t ha -1 and mean litter biomass of the old age

natural forest block .The minimum and maximum litter biomass of the young age natural

forest blocks were 0.40 and 0.84 t ha-1 and the old age natural forest blocks were 0.03 and

0.60 t.ha-1.This study indicated that mean litter biomass of the young age natural forest

blocks were not significantly different from the old age natural forest block as shown in

(Table 8).

Table 8 litter biomass of the old and the young age natural forest blocks

4.1.7 Litter carbon stock

Litter carbon stock per hectare was estimated from 16 sample plot of the old age natural

forest blocks within 1 m x 1 m quadrate. The mean litter carbon for the old age natural

forest blocks were 3.93 t C ha -1. Likewise, mean litter carbon stock per hectare was

estimated from 16 sample plot of the young age natural forest block of 1m x 1m quadrate.

It was estimated that mean litter carbon per hectare for the young age natural forest blocks

were 5.32 t c ha -1. The total litters carbon stock estimation of the old age and the young

age natural forest blocks were 9.3 t c ha -1. The result indicates that there was significant

Forest blocks Age class Min Max Mean SD

Gemechise-1and2 Old (t ha-1) 0.03 0.6 0.46 0.09

Chefe & wesene Young (t ha-1) 0.4 0.84 0.62 0.1

Total 0.43 1.44 1.08 0.19
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difference between litter carbon stock estimation of the old and the young age natural

forest blocks (Table 9). Therefore, the mean litter carbon per hectare was high in the young

age natural forest blocks. The minimum and maximum litter carbon stock estimation of the

old age natural forest blocks were 2.47 and 5.32 t ha -1 and the young age natural forest

blocks were 3.40 and 7.35 t ha -1,,respectively. Carbon dioxide sequestration of litter in the

old age natural forest block were (14 t ha -1) and young natural forest blocks 19.52 t ha -1

(Appendix 9, 10) .The total carbon dioxide sequestration estimation of litter in old and

young natural forest block was (19.72 t ha -1)

Table 9 Litter carbon stock estimation of old and young age natural forest blocks

Forest blocks Age class Minim Maxim Mean SD P-value

Gemechise-1&2 Old (t ha-1) 2.47 5.32 3.98 0.79

Chefe & wesene Young (t ha-1) 3.4 7.35 5.32 0.91

Total 5.87 12.67 9.3 1.7 0.000

4.1.8 Soil Organic Carbon

The soil organic carbon in forest soil depends upon the forest type, climate, moisture

temperature and types of soil. The maximum and minimum soil organic carbon

concentration in the old and young age natural forest blocks were (132.74 - 45.10 t c ha -1)

and (138.22 - 98.6 t c ha -1), respectively. The mean value of soil organic carbon in old and

young age natural forest blocks were (107.31 and 127.5 t c ha -1), respectively (Table 10).

The result showed that there was significant difference between soil organic carbon stock

estimation in old and young age natural forest ( p= 0.003).The result shows that mean soil

organic carbon in the young age natural forest blocks were higher than soil organic carbon

in the old age natural forest blocks. Soil organic carbon dioxide sequestration of the young

and the old age natural forest block were 467.92 t ha 1and 393.83 t ha-1, respectively

(Appendix 11 and 12).
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Table 10 Soil organic carbon of old and young age natural forest blocks

Forest blocks Age class Minim max Mean SD P-value

Gemechise-1&2 Old (t ha-1) 45.1 132.74 107.31 26.06

Chefe & wesene Young (t ha-1) 98.6 138.22 127.498 10

Total 143.7 270.96 234.81 11.36 0.003

4.1.9 Total Carbon Stock

Total carbon stock of young and old age natural forest were the sum of above ground

carbon, below ground carbon, litter and soil organic carbon .Total carbon stock estimation

of natural forest was high in old age natural forest block(333.92 t ha-1) and low in young

age natural forest block (169.17 t ha-1)

Total Carbon stock in old age natural forest was found 32.14 % in the soil, 55.64 % in

above ground, 11.03 % in below ground and 1.19 % in litter. Similarly, total carbon stock

in young age natural forest block was 75.37 % in soil, 17.62 % in above ground, 3.87 % in

root and 3.14% in litter (Table 11).

Table 11 Total carbon stock in the old and young age natural forest blocks

Total plots 32
Carbon pools

AGC BGC LC SOC Total

16-plots Old age group (%) 55.64 11.03 1.19 32.14 100

Mean (t ha-1) 185.8 36.83 3.98 107.31 333.92

16 plots Young age group (%) 17.62 3.87 3.14 75.37 100

Mean (t ha-1) 29.8 6.55 5.32 127.5 169.17

4.2 Carbon stock in plantation forest

A total of 7 different species were recorded from the old and the young age participatory

and state managed forest blocks. 194 old age plantation stems were recorded in Gemechis

two blocks and the other 363 young age plantation stem in chefe and wesene forest blocks.

Individuals Having DBH ≥5 cm were measured and analyzed for the estimation and
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comparison of above and below ground biomass carbon stock storage levels in the study

area (Appendix 13 and 14)

4.2.1. Above ground Biomass

A total of 16 samples plot were analyzed for above and below ground carbon stock

estimation, 8 sample plots from participatory managed young age plantation forest blocks

(stratums) and 8 samples plots from state managed old age plantation forest blocks

(stratums). The total above ground biomass 141.98 t ha-1 which was the sum of 63.86 t ha-1

mean above ground biomass of the young age plantation forest blocks and 78.12 t ha-1 of

the old age plantation forest blocks (figure 5). The minimum and maximum above ground

biomass for the young age plantation forest blocks was ranging from 21.03 to 144.87 t ha-1

and 26.19 to 212.65 t ha-1 for the old age plantation forest blocks. Hence the above ground

biomasses of the old age plantation forest blocks were greater than the above ground

biomass of the young age plantation forest blocks.

Figure 5 Above ground biomass of the young and the old age plantations

4.2.2 Above ground carbon stock

A total of 16 samples plot were analyzed for above ground carbon stock estimation, 8

samples from the old age and 8 from the young age plantation. The above ground carbon

stock of the old age plantation forest blocks were 36.72 t c ha-1 and the young age
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plantation forest blocks 31.10 t c ha -1. Thus total mean above ground carbon stock of the

old and the young age plantation forests blocks were 67.82 t c ha -1 (Table 12). The result

indicated that that there was significant difference between the old and the young age

plantation forest block. Therefore, aboveground carbon stock estimation was higher in old

than young age plantation forest blocks. The minimum and maximum above ground

carbon stock of the young age plantation forest blocks were 9.88 and 72.43 t c ha -1.and the

old age plantation forest blocks were 12.31 and 99.94 t c ha-1. .The above ground carbon

dioxide sequestration of the young and the old age plantation forest blocks were 114.14.t c

ha -1 and 134.75 t c ha-1 respectively. The total carbon dioxide (CO2) sequestrations were

248.89 t c ha-1 (Appendix 15, 16).

Table 12 Above ground carbon in the old and the young age plantation blocks

Plantation forest blocks Age class Minim Maxim Mean SD P-value

Gemechise Old (t ha-1) 12.31 99.94 36.72 34.1

Chefe & wesen Young (t ha-1) 9.88 72.43 31.1 21.87

Total 22.19 172.37 67.82 55.97 0.749

4.2.3 Below Ground Biomass

The mean belowground biomass of plantation forest was 28.39 t ha -1, the sum of 15.62 t

ha-1 mean below ground biomass of the old age plantation forest blocks and 12.77 t ha-1

mean below ground biomass of the young age plantation forest blocks The minimum and

maximum below ground biomass for the young age plantation forest blocks were 4.21 and

147.15 t ha -1 and the old age plantation forest blocks were 5.24 and 42.53 t ha
1,,respectively This result indicated that below ground biomass of the old age plantation

forest blocks were greater than the young age plantation forest blocks (Appendix

15and16).

4.2.4. Below ground carbon stock

Below ground carbon stock per hectare was estimated from the above ground carbon stock

in 8 sample plots of the young age plantation forest blocks. Mean below ground carbon

stock of the young age plantation forest blocks were 6 t c ha -1. Likewise, total below
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ground carbon stock of the old age plantation forest blocks are estimated from the above

ground carbon stock in 8 sample plots .Mean below ground carbon stock of the old age

plantation forest blocks were 7.34.t.c.ha-1. The result showed there was significant

difference between old and young age plantations .Therefore, mean below ground carbon

per hectare of old age plantation forest blocks were higher than the young age plantation

forest blocks. The minimum and maximum below ground carbon stock in the young age

plantation forest blocks were 1.98 and 69.16 t c ha -1 and the old age plantation forest

blocks was 2.46 and 19.99 t c ha -1, respectively (Table 13).

Below ground carbon dioxide sequestration of old and young age plantations was 26.95and

22.03 t ha -1, respectively. The totals mean carbon dioxide sequestration capacity of the old

and young age plantations were 48.98 t ha -1

Table 13 Below ground carbon stocks in old and young age plantation blocks

4.2.5 Soil Organic Carbon

The soil organic carbon in forest soil depends upon the forest type, climate, moisture

temperature and types of soil. The maximum and minimum organic carbon concentration

96.37 and 40.66 was found in the old age plantation blocks and 130.12 to 46.67 in the

young age plantation blocks. The mean value of soil organic carbon of the old and the

young age plantation blocks were 59.45 t c ha-1 and 88.86 t c ha-1, respectively. Soil carbon

dioxide sequestration of the old age plantation blocks were (544.27 t c ha-1) and the young

age plantation blocks were 326.11 t c ha -1 (Table 14). The result shows that mean soil

organic carbon in the young age plantation blocks were higher than the old age plantation

blocks.

Plantations forest blocks Age class Min Max Mean SD P-value

Gemechise 1and 2 Old (t.c.ha-1) 2.46 19.99 7.34 6.82

Chefe & wesen Young (t.c.ha-1) 1.98 69.16 6 23.3 sign

Total 4.44 89.15 13.34 30.12 0.652
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Table 14 Soil organic carbons in old and young age plantation blocks

4.2.6 Total carbon stock

Total carbon stock of the old and young age plantation were the sum of above ground

carbon, below ground carbon, litter and soil organic carbon .Total carbon stock estimation

of young age plantation was found70.55 % in the soil, 24.69 % in above ground, and

4.76% in below ground. Similarly, total carbon stock old age plantation forest block was

57.43 % in soil, 35.47% in above ground, 7.09 % below ground (Table 15). Hence soil

organic carbon in young age plantation blocks (125.96 t c ha-1) was higher than old age

plantation blocks (103.51 t c ha-1)

Table 15 Total carbon stocks in old and young age plantation blocks (t c ha-1)

Total plots 16
Carbon Pools

AGC BGC LC SOC Total

8- Plots (Young age group%) 24.69 4.76 0 70.55 100

Mean (t ha-1) 31.1 6 0 88.86 125.96

8- Plots (old age group%) 35.47 7.09 0 57.43 99.99

Mean (t ha-1) 36.72 7.34 0 59.45 103.51

4.3 Discussions

The present carbon stock study is the first of its kind for Jelo forest.It was conducted to

accesses the estimation and compression of carbon stock level (Above and below ground

biomass, litter and soil organic carbon) found in the participatory forest management

blocks with the nearby state managed forest.

Concerning estimation and comparison of old and young group natural forest block , the

present study identifying that total above and belowground carbon stock was higher in the

plantation forest blocks Age class Min Max Mean SD P-value

Gemechise Old (t ha-1) 40.66 96.37 59.45 23.09

Chefe & wesene Young (t ha-1) 46.67 130.12 88.86 32.98

87.33 226.49 59.45 56.07 0.000
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old age natural forest blocks (185 t c ha-1 ,.8 36 t c ha-1 ) than the young age (29.8 t c t ha-1,

6.55 t c ha-1 ) respectively . Larger above and below ground carbon stock in the old age

natural forest trees and smaller stock in the young age natural forest trees which is related

to Age , size and height of tree stands and tree density. In line with this result document

analysis held at Chiro wereda natural resource department (2009) The young group natural

forest block trees considered in this study are less than 15 year old. But the old age natural

forest block trees was more than 60 years old Therefore the differences in above ground

biomass, below ground biomass, of old and young age natural forest was as a result of age

difference and plant density

While comparing with other studies, the mean carbon stock in above and below ground

biomass of the Jelo old age natural forest block was lower than Egdu state Forest (Adung

2012).slightly higher than Menagasha Suba State Forest (Mesfin Sahile, 2011).

Mean carbon stock in above ground biomass of the Jelo old age natural forest blocks is

higher than those reported for the global above ground carbon stock in tropical dry forest

ranged between 13.5-122.85 t ha-1 (Murphy and Lugo, 1986). The mean carbon stock in

above ground biomass in the Jelo old age natural forest could be related to its higher tree

age

Mean litter carbon in the young age natural forest blocks 5.32 t C ha -1 was higher than old

age group 3.98 t c ha-1. Similarly soil organic carbon stock in young age natural forest

blocks (127.5 t c ha-1) was higher than old age (107.31 t c ha-1). This could be related to

presence of protection from domestic animals and human interference .since the forest

leaves did be eaten by cattle. Even the wood collectors those who earn their livelihood by

gathering and selling the remains in the forest don’t touch it so the dry leaves decompose

and be changed into minerals.

The mean carbon stock in litter pool of the present study was almost similar to values

recorded for Egdu state Forest and Menagasha Suba State Forest but slight higher than

values reported for tropical dry forests (2.1 t ha-1, IPCC, 2006) (Table 16) .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).
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A study in montane forests of central and southern Mexico, found carbon content in soil to

30 cm depth, ranged from 72.8 (degraded forest) to 116.4 (oak forest) Mg C ha-1 or (86.2

128.3 t C ha-1). It is fall within the range of 45.68 – 173.15 t C ha-1, recorded in current

study area (Appendix 20).

However the above ground biomass, below ground biomass, and their carbon stock was

higher for the old age natural forest blocks .But young age natural forest blocks had higher

litter carbon and soil organic carbon stock.

Table 16 Comparison of carbon stock (t ha-1) of the present result with other studies

Study Place AGC BGC LC SOC

Egdu Forest 278.08 55.62 3.47 277.56

Menagasha Suba State Forest 133 26.99 5.26 121.28

Selected Church Forest 122.85 25.97 4.95 135.94

Jelo Old natural 185.8 36.83 3.98 107.31

Jelo Young  natural 29.8 6.55 5.32 127.5

Concerning Plantation forest of the present study indicates that the mean above and

belowground carbon stocks in the old age plantation forest blocks (36.72, 7.34) was larger.

than the young age plantation forest blocks (31.10, 7.34). The variation was due to the

lower age of young plantation forest bock.

Due to lack research done locally or internationally for comparing the estimation of above

and belowground carbon stocks of young aged plantation and natural forest trees. So I

couldn’t compare the carbon stocks estimation of young age plantation forest trees on

which I am doing this research.

The mean above and below ground carbon of old plantation forest bocks were compared

with similar studies elsewhere. The results of this study are slightly lower than Chilimo

forest plantation total biomass mean carbon 62.0 t Cha-1 (Getu ,2012) .In another study,

Tropical dry (Africa) Ramani (2010) estimated plantation forest 158 t C ha-1, which was
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higher than the values obtained in this study. These differences due to climatic condition,

age of plantations, plant density (Appendix 20)

Soil organic carbon stock of the old and young age plantation forest blocks were 59.45 and

88.86 t c ha-1, respectively. Thus the mean soil organic carbon stock estimation of young

age plantation forest blocks was larger than the old and natural forest block due to

management practice. Since young age plantations are managed by the forest cooperative

with better practices than the state managed old plantation forest.The result of this study,

therefore, is in agreement with research finding of Tsegaye Tadesse (2008) which

confirmed that participatory forest management practice has been a 150% increased in

regeneration density.

The above ground biomass, below ground biomass, and their carbon stock was higher for

the old age plantation forest blocks. On the other hand the young age plantation blocks had

higher soil organic carbon stock.

Carbon stock or storage across all carbon pools varied in the different age groups for Jelo

Natural and plantation forest blocks. The sequence of their carbon stock storage along the

different age groups from the highest to the lowest is: old age natural forest block (369.02 t

C ha -1). >The young age Natural forest block (167.47 t C ha-1 > the young age plantation

blocks (129.02 t C ha-1) > the old age plantation blocks - (105.22 t C ha-1).
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5. CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This study shows the result of comparison of carbon stock estimation (above ground,

below ground, litter and soil organic carbon) between the young and the old age natural

and plantation forest blocks On the basis of the study and its major findings, the following

conclusions are drawn.

The present study identify that total above and belowground carbon stock was higher in the

old age natural forest blocks (185 t c ha-1 ,.8 36 t c ha-1 ) than the young age (29.8 t c t ha -1

,6.55 t c ha-1 ) respectively In contrast mean litter and soil organic carbon stock in the

young age natural forest blocks (5.32 t C ha -1 ,127.5 t c ha-1) were higher than mean litter

and soil organic carbon stock of Old age group (3.98 t c ha-1.,107.31 t c ha-1).

With regarded to plantation forest the present study indicate that the mean above and

belowground carbon stocks in the old age plantation forest block (36.72, 7.34) was higher

than the young age plantation forest blocks’ (31 t c ha-1.10, 6 t c ha-1), respectively .on

contrary soil organic carbon stock of young age forest plantation blocks (88.86 t c ha-1),

was higher than young plantation forest block (59.45 t c ha-1).

The above ground biomass, below ground biomass, and their carbon stock was higher for

the old age plantation. In contrast young age plantation forest had higher soil organic

carbon stock

The mean above and below ground carbon of plantation forests were compared with

similar studies elsewhere. Tropical dry (Africa) ramani (2010) estimated plantation forest

158 t c ha-1, which was higher than the values obtained in this study.

According to field observation check list participatory and state managed forest block

members plant thousands of trees every year. .However, Seedlings dry by the reason of

lack post tree planting practice . Natural forests did not protected from domestic animals in

state managed forest block however; it was protected from human interference in

participatory forest management blocks
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5.2 Recommendations

Since conservation is impossible without appropriate economic incentives, transformation

of the potential value of forests resources into real benefits for the SFM and PFM members

is mandatory. For this to be realized, carbon trading be enhanced.

Disturbances in the forest due to natural and human influences lead to more carbon

released into the atmosphere. Sustainable management strategies are, therefore, necessary

to make the forest a carbon sink rather than source.

Rehabilitation of degraded forestland by growing trees involving the SMF and PFM

population and farmer associations around the forests. And acknowledging /rewarding

those individuals with better performance in forest rehabilitation.

From carbon sequestration point of views , forest carbon related awareness creation for

local people.

Further wide scale study that aimed at analyzing the feasibility of carbon sequestration

potentials in different land-use systems and on social factors that may influence adoption

of carbon sequestration practices need to be addressed.
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APPENDICES

1. Location of PFM plots in relation to altitude, latitude, longitude, slope, Aspect

SFM: state forest management OA: old age        YA: young age

Plot Coordinates (UTM) Altitude Slope Forest type Aspect

No. Longitude Latitude (m.a.s.l) (%)

1 0702952 0996296 2802 48 OA-Natural W

2 0702913 0995916 2793 34 OA-Natural W

3 0702880 0994917 2762 10 OA-Natural W

4 0702415 0994831 2777 15 OA-Natural W

5 0704186 0994941 2691 47 OA-Natural W

6 0704153 0994790 2690 29 OA-Natural W

7 0703440 0997417 2389 10 OA-Natural W

8 0704682 0995041 2723 15 OA-Natural W

9 0704754 0995335 2806 50 OA-Natural W

10 0704514 0995471 2780 44 OA-Natural W

11 0703983 0997781 2560 68 OA-Natural W

12 0704115 0995580 2751 31 OA-Natural W

13 0703943 0995626 2739 15 OA-Natural W

14 0704605 0996527 2516 17 OA-Natural W

15 0704267 0997784 2730 0 OA-Natural W

16 0704276 0997860 2720 11 OA-Natural W

1 0704234 0993219 2301 36 OA-Plantation W

2 0703577 0993928 2423 36 OA-Plantation W

3 0704669 0994205 2360 14 OA-Plantation W

4 0704503 0993681 2356 30 OA-Plantation W

5 0705955 0994974 2564 33 OA-Plantation W

6 0705592 0994616 2435 21 OA-Plantation W

7 0705061 0996733 2540 0 OA-Plantation W

8 0704891 0998310 2431 10 OA-Plantation W
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2 Location of SFM plots in relation to altitude, longitude, slope, aspects

Plot No. Coordinates (UTM) Altitude Slope Forest type Aspect

Longitude Latitude (m.a.s.l.) (%) OA Natural N

1 0703113 0996403 2820 11 OA Natural N

2 0703095 0997685 2395 40.5 OA Natural N

3 0703420 0997625 2564 25 OA Natural N

4 0703799 0997788 2456 50 OA Natural N

5 0703372 0998489 2190 8 OA Natural N

6 0703160 0997167 2627 30 OA Natural N

7 0703582 0997485 2440 38 OA Natural N

8 0703656 0997516 2449 39 OA Natural N

9 0703440 0997417 2389 10 OA Natural N

10 0703029 0997128 2651 35 OA Natural N

11 0702935 0997049 2651 30 OA Natural N

12 0703840 0997250 2650 25 OA Natural N

13 0703270 0996396 2807 32 OA Natural N

14 0703428 0996648 2789 44 OA Natural N

15 0703415 0997615 2356 19 OA Natural N

16 0703032 0997527 2475 51 OA Natural N

1 0703638 0994035 2174 22 OA plantation N

2 0703719 0999136 2118 11 OA plantation N

3 07038684 0999289 2150 23 OA plantation N

4 0703688 0998994 2159 13 OA plantation N

5 0703206 0998654 2153 16 OA plantation N

6 0703580 0998859 2185 13 OA plantation N

7 0703425 0998703 2196 21 OA plantation N

8 0704577 0995865 2727 38 OA plantation N

SFM: state forest management
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3 Tree code, number of stems, average DBH and height of tree species in the state

managed OA Natural forest blocks ( Gmechis block one and two)

Tre
e
code

Species Name No of Average Average
Height
(m)

It comes
fromstems DBH(cm

)
E01 Allophylus abyssinicus 13 47.26 29.86 9plots

E02 Bersama abyssinca 4 11.75 10.75 2 plot

E03 Cassipourea malosana 26 24.2 25.19 10 plots

E04 Croton machrostachyes 10 25.4 22.05 3 plots

E05 Hex mitis 12 19.17 14.67 1 plot

E06 Hypelicum revoltum 26 12.75 17.31 2 plots

E07 Maesa lanceolata 46 16.54 12.17 3 plots

E08 Mussaenda arcuata 1 12 11 1 plot

E09 Olea europaea l.Subsp cuspidata 11 75.7 35.9 2 plot

E10 Olinia rochetiana 8 25.86 23.36 4 plots

E11 Podocarpus gracilior 25 42.81 34.58 8 plots

E12 Psdrax schimperiana 2 31 17.5 1plot

E13 Qillisaa 36 21.86 19.39 7 plots

E14 Rhus glutinosa 1 13 10 1plot

E15 Teclea sirnplicifolia 16 26.54 23.375 8 plot

Total 237
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4 Tree code numbers of stems, average DBH and height of tree species in the YA

Natural forest blocks (chefe and Wesene)

Tree code Species Name No of Average Aver It comes

fromstems DBH(cm) height(m)

EY1 Acacia abyssinca 6 6.25 5 1 plots

EY2 Bersama abyssinca 14 8.7 6 4 plots

EY3 Dombey torrida 10 21.92 14.1 5 plots

EY4 Dovialis abyssinca 3 5.71 5 1 plots

EY5 Eiret rgie capensis 9 6.56 5 1

EY6 Hex mitis 6 18.33 10 1

EY7 Hypelicum revoltum 167 8.29 5.06 7 plots

EY8 Maesa lanceolata 236 7.68 5.9 11 plots

EY9 Olea europaea l.Subsp cuspidata 1 10 7 1

EY10 Olinia rochetiana 23 9.67 6.82 4  plots

EY11 qillisaa 1 6.3 5 1

EY12 Podocarpus gracilior 19 16.84 9.46 2 plots

EY13 Rhus glutinosa 2 6 6 1 plot

Total 497
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5 Mean AGB, AGC and CO2 recorded OA natural forest blocks (Gmechis block one

& two)

Plot/N Species Name

Average

DBH AGB (ton/ha) AGC (ton/ha) CO2 (ton/ha)

1 Maesa lanceolata 16.54 73.67 36.84 135.19

2 Hex mitis 19.17 115.18 57.59 211.36

3 Podocarpus gracilior 42.81 322.88 161.44 592.49

4 Teclea sirnplicifolia 26.54 76.77 38.38 140.87

5 Cassipourea malosana 24.20 46.52 23.26 85.36

6 Allophylus abyssinicus 47.26 386.20 193.10 708.68

7 Croton machrostachyes 25.40 179.38 89.69 329.17

8 Mussaenda arcuata 9.00 22.29 11.15 40.91

9 Qillisaa 21.86 48.92 24.46 89.76

10 Olinia rochetiana 22.75 85.61 42.80 157.09

11 Hypelicum revoltum 12.75 33.28 16.64 61.07

12 Bersama abyssinca 11.75 51.72 25.86 94.91

13 Rhus glutinosa 10.00 31.22 15.61 57.29

14 Olea europaea l.Subsp 75.70 7144.88 3572.44 13110.90

15 Psdrax schimperiana 31.00 979.74 489.87 1797.82

Average 26.45 639.88 319.94 1174.19

Max 75.70 7144.88 3572.44 13110.90

Min 9.00 22.29 11.15 40.91

Std dev 17.56 1816.49 908.24 3333.26
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6 Mean AGB, AGC and CO2 recorded in the participatory managed YA Natural

forest blocks (chefe and Wesene)

YA Species Name DBH

average

AGB

(ton/ha)

AGC

(ton/ha)

CO2

(ton/ha)

1 Maesa lanceolata 50.81 402.8 201.4 739.13

2 Hypelicum revoltum 29.26 209.36 104.68 384.17

3 Dombey torrida 57.1 1119.61 559.81 2054.49

4 Olinia rochetiana 33.51 480.89 240.45 882.44

5 Rhus glutinosa 5.5 51.64 25.82 94.76

6 Olea europaea l.Subsp

cuspidata

10 170.04 85.02 312.03

7 Bersama abyssinca 29.86 381.6 190.8 700.24

8 Hex mitis 18.33 573.41 286.71 1052.21

9 Eiret rgie capensis 6.56 573.41 286.71 1052.21

10 Acacia abyssinca 6.25 66.53 33.26 122.08

11 Podocarpus gracilior 38.96 1301.05 650.53 2387.43

12 Qillisaa 6.3 67.59 33.79 124.02

13 Dovialis abyssinca 5.43 50.35 25.18 92.39

Average 22.91 9.59 419.10 209.55

Max 57.10 14.46 1301.05 650.53

Min 5.43 5.54 50.35 25.18

Std Dev 18.31 2.46 402.76 201.38
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7 Estimation of Above and below ground carbon stock of the OA Natural forest

Plot

No

AGB

Kg/plot

AGB

Kg/m2

AGB

ton/ha

AGC

ton/h

CO2

ton/ha

BGB

ton/ha

BGC

ton/ha

CO2

ton/ha

1 2343.14 11.72 117.16 58.58 214.98 23.43 11.72 43

2 11356.47 56.78 567.82 266.88 979.44 113.56 53.38 195.89

3 3575.47 22.88 228.77 114.39 419.8 45.75 22.88 83.96

4 3452.59 17.26 172.63 81.14 297.77 34.53 16.23 59.55

5 6326.29 31.63 316.31 148.67 545.61 63.26 29.73 109.12

6 19640.56 98.2 982.03 461.55 1693.9 196.41 92.31 338.78

7 1743.8 8.72 87.19 40.98 150.39 17.44 8.2 30.08

8 2206.43 11.03 110.32 51.85 190.29 22.06 10.37 38.06

9 1080 5.4 54 27 99.09 10.8 5.4 19.82

10 27843.15 139.22 1392.16 654.31 2401.33 278.43 130.86 480.27

11 17441.69 87.21 872.08 436.04 1600.27 174.42 87.21 320.05

12 16018.98 80.09 800.95 376.45 1381.56 160.19 75.29 276.31

13 1021 5.11 51.05 25.53 93.68 3.21 1.61 5.89

14 1050 11.51 115.11 54.1 198.55 23.02 10.82 39.71

15 3681.63 18.41 184.08 92.04 337.79 33.28 16.64 61.07

16 3328.21 16.64 166.41 83.21 305.36 33.28 16.64 79.42

Avera 388.63 185.8 681.86 77.07 36.83 136.31

Max 1392.16 654.31 2401.33 278.43 130.86 480.27

Min 51.05 25.53 93.68 3.21 1.61 5.89

Std

Dev

408.78 193.42 709.86 82.28 38.94 142.37
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8 Estimation of Above and below ground carbon stock of YA Natural forest blocks

Plot No AGB

(Kg/plot)

AGB

(Kg/m2)

AGB

(ton/ha)

AGC

(ton/ha)

CO2

(ton/ha)

BGB

(ton/ha)

BGC

(ton/ha)

CO2

(ton/ha)

1 541.12 2.71 27.06 12.72 46.67 5.41 2.54 9.33

2 418.39 2.09 20.92 9.83 36.08 4.18 1.97 7.22

3 4387.13 21.94 219.36 109.68 402.52 43.87 21.94 80.5

4 1543.72 7.72 77.19 36.28 133.14 15.44 7.26 26.63

5 238.8 1.19 11.94 5.61 20.6 2.39 1.12 4.12

6 2302.11 11.51 115.11 54.1 198.55 23.02 10.82 39.71

7 635.38 3.18 31.77 15.88 58.3 6.35 3.18 11.66

8 623.96 3.12 31.2 15.6 57.25 6.24 3.12 11.45

9 493.13 3.47 34.7 17.5 63.67 45.05 22.53 82.67

10 795.33 3.98 39.8 23.69 931.04 26.01 12.22 44.86

11 648.89 3.24 32.44 16.22 59.54 6.49 3.24 11.91

12 3549 24.72 247.2 116.18 426.4 10.66 5.01 53.41

13 368.78 1.84 18.44 8.67 31.81 3.69 1.73 6.36

14 310.93 1.55 15.55 7.31 26.82 3.11 1.46 5.36

15 322.98 1.61 16.15 8.07 29.63 5.58 2.79 10.24

16 778.42 3.89 38.92 19.46 71.42 7.78 3.89 14.28

Sum 943.89 461.63 3198.91 215.27 104.82 792.7

Average 61.11 29.80 162.09 13.45 6.55 49.54

Max 247.20 116.18 931.04 45.05 22.53 426.4

Min 11.94 5.61 20.60 2.39 1.12 4.12

Std Dev 72.19 34.69 241.29 13.92 6.91 26.33
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9 Litter carbon stock estimation of the state managed OA Natural Forest blocks

A= Wt of wet sample (gm), B= Wt of sample fresh (gm), C= Wt of dry sample (gm), D=

Litter biomass (ton/ha), E= % of carbon concentration F= Litter carbon (ton/ha, G= CO2

(ton/ha)

Plot No A B C D E F G

1 521 100 93 0.485 80.44 3.9 14.3

2 495 100 92 0.455 86 3.92 14.37

3 536 100 96.6 0.518 87.88 4.55 16.7

4 506 100 94.5 0.478 86.55 4.14 15.19

5 481 100 93 0.447 84.82 3.79 13.92

6 452 100 93 0.420 85.82 3.61 13.24

7 325 100 94 0.306 87.00 2.66 9.75

8 412 100 92 0.379 85.77 3.25 11.93

9 527 100 96.65 0.509 86.85 4.42 16.23

10 389 100 91 0.354 86.56 3.06 11.25

11 675 100 93.05 0.628 84.64 5.32 19.51

12 625 100 95.12 0.595 85.93 5.11 18.75

13 315 100 93 0.293 84.4 2.47 9.07

14 530 100 95 0.504 88.54 4.46 16.36

15 512 100 94 0.481 86.39 4.16 15.26

16 491 100 94 0.462 86.27 3.98 14.61

Average 0.46 Average 3.93 14.40

Max 0.60 Max 5.32 19.51

Min 0.30 Min 2.47 9.07

Std Dev 0.09 Stddev 0.79 2.90
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10 Litter carbon stock estimation in the YA natural forest blocks

Plot No A B C D E F G

1 700 100 97.62 0.68 80.44 5.5 20.17

2 720 100 97.73 0.7 86 6.05 22.21

3 850 100 98.34 0.84 87.88 7.35 26.96

4 700 100 97.35 0.68 86.55 5.9 21.65

5 657 100 95 0.62 84.82 5.29 19.43

6 591 100 94.31 0.56 85.82 4.78 17.55

7 710 100 97.58 0.69 87 6.03 22.12

8 430 100 92.2 0.4 85.77 3.4 12.48

9 620 100 95 0.59 86.85 5.12 18.77

10 640 100 95.52 0.61 86.56 5.29 19.42

11 617 100 95.12 0.59 84.64 4.97 18.23

12 500 100 92 0.46 85.93 3.95 14.51

13 610 100 95 0.58 84.4 4.89 17.95

14 598 100 94.74 0.57 88.54 5.02 18.41

15 732 100 97.12 0.71 86.39 6.14 22.54

16 657 100 95.63 0.63 86.27 5.42 19.89

Average 0.62 Average 5.32 19.52

Max 0.84 Max 7.35 26.96

Min 0.40 Min 3.40 12.48

Std dev 0.10 Std dev 0.91 3.35

A= Wt of wet sample (gm), B= Wt of sample fresh (gm), C= Wt of dry sample (gm), D=

Litter biomass (ton/ha), E= % of carbon concentration F= Litter carbon (ton/ha, G= CO2

(ton/ha)
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11 Carbon stock estimation of soil pool in the old age natural forest blocks

Plot No Volume

(cm3)

fresh wt Dry wt BD

(g/cm3)

%SOM SOC (ton/ha) CO2 (ton/ha)

1 98.125 100 97 0.989 4.12 122.18 448.41

2 98.125 100 95 0.968 4.08 118.5 434.9

3 98.125 100 97 0.989 4.2 124.56 457.12

4 98.125 100 50 0.51 2.95 45.1 165.5

5 98.125 100 83 0.846 3.54 89.83 329.68

6 98.125 100 96.5 0.983 4.09 120.67 442.85

7 98.125 100 97 0.989 4.36 129.3 474.53

8 98.125 100 98.23 1.001 4.42 132.74 487.16

9 98.125 100 96.61 0.985 4.35 128.49 471.54

10 98.125 100 61 0.622 2.91 54.27 199.17

11 98.125 100 98.12 1 4.24 127.19 466.8

12 98.125 100 85 0.866 3.89 101.09 371

13 98.125 100 85.5 0.871 3.93 102.73 377.02

14 98.125 100 96.45 0.983 4.12 121.49 445.87

15 98.125 100 83.52 0.851 3.79 96.78 355.17

16 98.125 100 84.5 0.861 3.95 102.05 374.51

Average 0.89 Average 107.31 393.83

Max 1.00 Max 132.74 487.16

Min 0.51 Min 45.10 165.50

Std dev 0.14 Std dev 26.06 95.63
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12 Carbon stock estimation of soil pool in YA Natural forest blocks

Plot No Volume
(cm3)

fresh
wt

Dry wt BD
(g/cm3)

%SOM SOC (ton/ha) CO2 (ton/ha)

1 98.125 100 95.21 0.97 4.16 121.09 444.41

2 98.125 100 97.36 0.992 4.37 130.08 477.39

3 98.125 100 95.56 0.974 4.14 120.95 443.9

4 98.125 100 95.14 0.97 4.14 120.93 443.81

5 98.125 100 83.55 0.851 3.86 98.6 361.86

6 98.125 100 96.46 0.983 4.57 134.91 495.13

7 98.125 100 97.84 0.997 4.52 135.34 496.71

8 98.125 100 98.71 1.006 4.58 138.22 507.26

9 98.125 100 98.51 1.004 4.52 136.13 499.6

10 98.125 100 96.02 0.979 4.21 123.59 453.58

11 98.125 100 97.45 0.993 4.49 133.77 490.95

12 98.125 100 96.61 0.985 4.24 125.24 459.62

13 98.125 100 96.5 0.983 4.08 120.37 441.77

14 98.125 100 97.46 0.993 4.46 132.89 487.72

15 98.125 100 97.53 0.994 4.54 135.37 496.82

16 98.125 100 96.51 0.984 4.49 132.48 486.21

Average 0.98 Average 127.498 467.92

Max 1.01 Max 138.22 507.26

Min 0.85 Min 98.6 361.86

Std dev 0.04 Std dev 10.00 36.72
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13 Tree code, numbers of stems, average DBH and height of the species in the OA

plantation blocks

14 Tree code, numbers of stems, average DBH and height of the species in the YA
plantation blocks

Tree

code,

Species Name No of

stem

Averag

e DBH

Average

height

it comes from

plot

EO1 Juniperus procera 131 8.97 14.26 48,33,32

EO2 Cupressus lusitanica 36 17 20.11 49,34

EO3 Eucalyptus carnaluiensis 27 12.67 20.65 50,51

Total 194

Tree

code,

Species Name No of

stems

Average

DBH

Ave rage

Height

it comes from

EY1 Juniperus procera 128 10.95 9.84 8

EY2 Hagenia abyssinca 221 7.59 11.19 5

EY3 Acacia saligna 12 3.08 9 1

EY4 Cupressus lusitanica 2 18.25 10 1

Total 363
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15 Estimation of Above and below ground carbon stock in the OA plantation blocks

Plot
No

AGB
(Kg/plot)

AGB
(Kg/m2)

AGB
(ton/ha)

AGC
(ton/ha)

CO2
(ton/ha)

BGB
(ton/ha)

BGC
(ton/ha)

CO2
(ton/ha)

1 810.01 4.05 40.50 19.04 69.86 8.10 3.81 13.97

2 523.73 2.62 26.19 12.31 45.17 5.24 2.46 9.03

3 789.65 3.95 39.48 18.56 68.10 7.90 3.71 13.62

4 3511.47 17.56 175.57 82.52 302.85 35.11 16.50 60.57

5 4252.94 21.26 212.65 99.94 366.80 42.53 19.99 73.36

6 937.94 4.69 46.90 22.04 80.89 9.38 4.41 16.18

7 928.02 4.64 46.40 21.81 80.04 9.28 4.36 16.01

8 745.23 3.73 37.26 17.51 64.27 7.45 3.50 12.85

Average 78.12 36.72 134.75 15.62 7.34 26.95

Max 212.65 99.94 366.80 42.53 19.99 73.36

Min 26.19 12.31 45.17 5.24 2.46 9.03

Std dev 72.55 34.10 125.15 14.51 6.82 25.03
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16 Estimation of Above and below ground carbon stock in the YA plantation blocks

Plot
No

AGB
(Kg/plot)

AGB
(Kg/m2)

AGB
(ton/ha)

AGC
(ton/ha)

CO2

(ton/ha)
BGB
(ton/ha)

BGC
(ton/ha)

CO2

(ton/ha)

1 527.33 2.64 26.37 12.39 45.48 5.27 2.48 9.1

2 2054.95 10.27 102.75 48.29 177.23 147.15 69.16 253.81

3 1539.33 7.7 76.97 38.48 141.23 15.39 7.7 28.25

4 463.66 2.32 23.18 10.9 39.99 4.64 2.18 8

5 959.3 4.8 47.96 22.54 82.73 9.59 4.51 16.55

6 420.6 2.1 21.03 9.88 36.27 4.21 1.98 7.25

7 1355.41 6.78 67.77 33.89 124.36 5.54 2.77 10.17

8 2897.4 14.49 144.87 72.43 265.84 5.51 2.76 10.12

Average 63.86 31.10 114.14 12.77 6.00 22.03

Max 144.87 72.43 265.84 147.15 69.16 253.81

Min 21.03 9.88 36.27 4.21 1.98 7.25

Std dev 43.77 21.87 80.26 49.63 23.3 85.5
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17 Carbon stock estimation in soil pool of the OA plantation blocks

Wav,Dry
BD=

Way,dry/v

Depth

In cm %SOM SOC tone/ ha CO2 (ton/ha)

1 50 0.51 30 2.86 43.72 160.45

2 82 0.836 30 3.84 96.27 353.31

3 81 0.825 30 3.48 86.18 316.28

4 51 0.52 30 2.73 42.57 156.22

5 50 0.51 30 2.66 40.66 149.23

6 51 0.52 30 2.73 42.57 156.22

7 51 0.52 30 2.97 46.31 169.96

8 80 0.815 30 3.16 77.29 283.65

Average 0.63 Average 59.45 218.16

Max 0.84 Max 96.27 353.31

Min 0.51 Min 40.66 149.23

Std dev 0.16 Std dev 23.09 84.74
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18 Carbon stock estimation in soil pool of YA Natural forest blocks

v Wav,Dry BD=
Way,dry/v

SOC CO2 (ton/ha)

1 98.125 81 0.825 3.79 344.45

2 98.125 92 0.938 4.14 427.36

3 98.125 80 0.815 3.01 270.19

4 98.125 54 0.55 2.94 178.13

5 98.125 95 0.968 4.48 477.54

6 98.125 80 0.815 3.12 280.06

7 98.125 53 0.54 2.88 171.27

8 98.125 94 0.958 4.36 459.86

Average 0.8 Average 326.11

Max 0.97 Max 477.54

Min 0.54 Min 171.27

Std dev 0.17 Std dev 121.02
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19 carbon stock levels in the entire Jelo plantation and Natural Forest block

20 Paired T-test statistical analysis of above ground carbon stock in old and young
aged natural forest blocks

Carbon pools

Forest type

Natural Plantation Over all total

Age class( t ha-1 ) Age class (t ha-1 )

ON YN Total OP YP total
AGB 388.63 61.11 449.74 78.12 63.86 141.98 591.72

BGB 77.07 13.45 90.52 15.62 12.77 28.39 118.91

LB 0.46 0.62 1.08 0 0 0 -

sub total 466.16 75.18 541.34 - - - 541.34

AGC 185.8 29.8 215.6 36.72 31.1 67.82 283.42

BGC 36.83 6.55 43.38 7.34 6 13.34 56.72

LC 3.98 5.32 9.3 0 0 0 9.3

SOC 107.31 127.5 234.81 59.45 88.86 148.31 383.12

sub total 333.92 169.17 503.09 103.51 125.96 229.47 732.56

Paired Samples Statistics

Pair 1 N Correlation Sig.

AGC Old age natural and  Young age natural 16 0.271206112 0.309613657

Paired Samples Statistics

Pair 1 Paired

Differences

Lowe

r

Upp

er

t df P

AGC Old age natural

and Young age

155.995 187.018

1579

46.7545

3948

56.34

01

255.

65

3.33

647

1

5

0.0

05
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21 Paired T-test statistical analysis of below ground carbon stock in old and young
aged natural forest blocks

Paired Samples Correlations

pair 2 N Correlation Sig.

BGC old  natural & BGC young natural 16 0.122595856 0.651040287

Paired Samples Statistics

pair 2 Paired

Difference

Lower Uppe

r

t df p

BGC old age natural

& BGC young natural

30.279375 38.710

21062

9.6775

52655

9.6521

5979

50.90

659

3.128

826

1

5

0.0

07

22 Paired T-test statistical analysis of leaf carbon stock in old and young aged natural

forest blocks

Pair 3 N Correlation Sig.

LC  old natural & LC  old  natural 16 0.04017428 0.8825636

Paired Samples Test

Pair 3 Paired

Difference

Lowe

r

Upper t df P

LC old natural -

LC young  natural

-1.39375 1.1845

44216

0.2961

36054

-

2.024

95

-0.76255 -

4.706

45

15 0
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23 Paired T-test statistical analysis of soil organic carbon stock in old and young aged

natural forest blocks

24 Paired T-test statistical analysis of above ground carbon stock in old and young

aged plantation forest blocks

Pair 4 N Correlation Sig.

SOC old natural & SOC young natural 16 0.462236647 0.071440684

Pair 4 Paired

Differences

Lowe

r

Upper t d

f

P

SOC old age natural

SOC young age

natural

-20.186875 23.1962

6801

5.7990

67002

-

32.54

73

-

7.826

46

-

3.481

06

1

5

0.0

03

Paired Samples Correlations

Pair 1 N Correlation Sig.

AGC old age plantation & AGC young

age plantation

8 -0.423991338 0.295153

Paired Samples Test

Pair 1 Paird

Differen

ces

Lower Upper t df P

AGC old &

young age

plantation

5.61625 47.6796

3625

16.8

573

-34.2449 45.477

42

0.33

3164

7 0.749
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25 Paired T test statistical analysis of below ground carbon stock in old and young

aged plantation forest blocks

26 Paired T-test statistical analysis of soil organic carbon stock in old and young aged
plantation forest blocks

Paired Samples Correlations

Pair 2 N Correlation Sig.

BGC old age plantation &

BGC young age plantation

8 -0.289585844 0.486619

Paired Samples Test

Pair 2 Paired

Differences

Lowe

r

Uppe

r

t df p

BGC old age plantation

and BGC young

plantation

-4.35 26.101

10124

9.228

133

-

26.17

11

17.47

107

-

0.47

138

7 0.6

52

Paired Samples Correlations

Pair 3 N Correlation Sig.

SOC old age plantation & SOC young age plantation 8 0.245279041 0.558214

Paired Samples Test

Pair 3 Paired

Differences

Lower Uppe

r

t df P

SOC old plantation and

SOC young plantation

55.85625 22.931

597

8.107

544

36.684

96

75.02

754

6.889

417

7 0
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27 Global Carbon distributions

Carbon

pool

Biomass/carbon

stocks

Region/forest

type/country

Reference Remarks

AGB 143 t Cha-1 Sub-Saharan

Africa, for all

forest

type

Brown (1997)/

Gibbs et al.(

2007)

AGB 60 – 65t C ha-1 Tropical dry

forest

IPCC (2006) Dbh >10cm

AGB 20 -95 t C ha-1 Tropical

mountain systems

IPCC (2006)

AGB 54 t C ha-1 Tropical (Gorte, 2009)

AGB 56.8 t C ha-1 Tunisia Li et al. (2005) Secondary forest

Organic

Soil

150 t C ha-1 The World Woodwell

(1984)

SOC 40-80 t C ha-1 Ethiopia USDA Soil p to 30 cm

depth0.5·resolution

SOC 88 t C ha-1 Tropical montane

forest

IPCC (2006) High active clay soil
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Global carbon distributions in biomass of the forest ecosystem ranges between 20 –194 t C ha-1,

soil ranges between 45 – 150 t C ha-1 and total ecosystem are 251 t C ha-1 to the knowledge of the

researcher, The current study also fall within global ranges for the total carbon pools assessed.

28 Field observation checklist

Addis Ababa University College of Computational and Natural Sciences

Center for Environmental Sciences

Field observation checklists

The purpose of this checklist is to gather facts on comparison of Above and Below Ground

Carbon Stock across a Different Land Use Type: in Jelo Forest, Jelo-Muktar Forest

District, West Harrergh Zone, Oromiya Regional,

Site name:______________________________________________
Address :Zone ____________Address :Woreda________________

Carbon

pool

Biomass/carbon

stocks

Region/forest type/country Reference Remarks

SOC 66.5 t C ha-1 Global average (IPCC,

2006)

default

value

In present

study

Total

biomass

257.88 t C.ha-1 Negebas  Forest blocks (Old) Natural

forest

SOC 107.31 t C.ha-1 Negebas  Forest blocks  soil

depth to 30cm (Old)

Natural

forest

Total in

biomass

48.41 t Cha-1 Negebas  Forest blocks (Old) Plantation

forest

All pools 251 Tropical intact tropical dry

Africa

Ramani

(2010)

Plantation

forest



80

Address :Town __________________________________________

Years of establishment ________________

Staff population:       Male  ______Female __________ Total_________

Contact person:______________________________________________

Local name of site: ___________________________________________

Land use type _____________________________

Elevation range (m):___________________________________________

Ecological zone or general site type: ______________________________

Most common slope class (flat or gentle = 0-5o; intermediate = 5-10o; steep = 11-45o;

very steep >45o):

Mean annual rainfall (mm):______________________________________

Rainfall regime (summer, winter, bimodal, uniform):___________

Maximum length of dry season (months <50mm):______________

Mean annual temperature (o C):_____________________________

Surface soil texture (sand, loam, clay):_______________________

Sub-soil texture (sand, loam, clay):__________________________

Soil depth to impermeable layer (<25 cm, 25-50 cm, 50-100 cm, or >100 cm):

Surface soil pH (A horizon): __________________________________________

Sub-soil pH (B horizon): _____________________________________________
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Income generating activity

No Income generating activity Total

Yes Not No %

1 have revenue obtained from forest

products such as

No % No %

Carbon trading

Logs

Construction material

Fuel wood

3 Income generating activity

have revenue obtained from

Non-timber forest products

such as

Yes Not Yes Not Yes No %

No % No % No % No %

Ecotourism

Trophy hunting

Wild coffee

Medicine

Honey

Fattening

Spice ,and others
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Expansion of plantation forestry
Yes No GPS point

No % No % Longitude Latitude

1 Expansion of plantation forestry

Pre-plant practice

Planting  practice

Post planting management

2 protection of natural forests
from

Yes No GPS point

Domestic animals No % No % Longitude Latitude

Human interference

3 promoting alternative  energy

sources from
Solar energy

Bio- gas
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LC                    Litter Carbon

LULUCF          Land-use, Land-use Change and Forestry

NGOs               Non Governmental Organizations

NTFPs              Non-timber Forest Products

OCC                 Organic Carbon Content

PFM Participatory Forest Management

Pg C                 Pentagram of Carbon

PPB                  Parts Per   billion

PPM Parts Per Million

REDD              Reduced Emission from Deforestation and Degradation

SOC                 Soil Organic Carbon

SOM                Soil Organic Matter

SMF                 State Forest management

TEs Terrestrial Ecosystems

UNEP United Nations Environmental Program

UNFCCC         United Nations Framework Convention on Climate Change

UTM                 Universal Transverse Mercator

WAKUCKs Forest Conservation Associations

WMO World Meteorological Organization
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