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Summary
The Chilmo forest which is located in the Ethiopian Dendi District is one of the few remnants of
a dry afromontane forest. The forests include 213 plant species among which several are
endemic. In addition, the forest harbors over 180 bird species (five are endemic to Ethiopia) and
21 mammal species. The Chilmo forest is also the origin of Awash River which is one of the
longest rivers in Ethiopia. The forest provides many ecosystem services to local communities
who depend on these forests. The availability of ecosystem services are site specific and
characterized by geographical location, the biophysical and socio economic situations and the
actual communities’ dependence on specific ecosystem services. Therefore, site and situation
specific assessments of ecosystem services are crucial to sustainably conserve and manage the
Chilmo forest.
The thesis aims to access the services and benefits of the Chilmo forests to local communities and
investigate incentives and disincentives to more sustainably manage the Chilmo forest. This will
be accomplished through an integrated ecosystem assessment and the following research
questions (RQS) on the forest’s ecosystem services, their use by local communities, their
dependence, other stakeholders involved in their management and which incentives facilitate
sustainable management.
The study triangulated primary data collection methods such as field observations, household
surveys, key informant interviews and pebble-distribution methods (PDM). In addition,
secondary data was used to support and verify the primary data. Since incorporating all eight
Chilmo forest cooperatives in the study was impossible ,purposive sampling was used to select
half of the forest cooperatives based on ÷ a) the position in the watershed (lower to upper
catchment), b) condition of the local forest (managed to disturbed forest), c) accessibility for field
work and d) and dependence of local people. These criteria led to the selection of the Chilmo,
Mesalemia, Gallessa and DanoSengote cooperatives. A simple random sampling technique was
used to select twenty five household heads in each forest cooperative. Hundred heads thus
participated in the sampling. For the PDM exercises eight participants were selected randomly
from elders, youth and women in each forest cooperative. The selection is based on the number
of years stayed in the area and their wealth and social status.
Ecosystem services differ from landscape to landscape. Five landscapes (i.e. farmland,
homestead, woodlot, grazing land and forest land) are identified. Even though knowing the
ecosystem services provided by each landscape is important, this thesis focuses on forest
ecosystem services:- provisioning, regulating, habitat and cultural services. Provisioning
services are the main source of livelihood and subsistence incomes for local communities. They
include food (e.g. wild fruit and herbs), raw material (e.g. fuel wood, timber, charcoal, farm tools
and animal fodder), fresh water, medicinal plants and tree seeds. The household survey showed
that forests are the sole source of water and fuel wood. The Regulating services involve in
regulation of climate, water, temperature, erosion control and pollination. These services are
generally appreciated by local communities. The habitat services highlight the home of many
wild animals, birds and plant species. The forest serves as a gene pool for several indigenous
tree-species and an important reproduction site for resident birds and other wild animals. The
cultural services include aesthetic appreciation, recreation and ecotourism, educational and

research activities. The household survey showed that most respondents liked forest for
recreation.
The perception and preferences on ecosystem services by local people were studied using PDM.
Its results showed forest land received the highest scores compared to other landscapes for all
services except food provisioning Similar to the outcome of the household survey; forest is the
only source of water. Other major services are charcoal and farm tool.
Even though agriculture is the main activity my thesis shows that local people earn money from
diverse sources. In general crop and forest products constitute one third of household annual
income followed by animal production (one seventh).Almost all respondents participated in fuel
wood collection and most used farm implements and participated in collection of wild fruit and
wood for fencing.
The stakeholder involvement in managing the Chilmo forest was also analyzed. Due to their
proximity to the natural resources and livelihood dependence, local communities are the first and
foremost responsible stakeholder for this management. The Oromia forest and wildlife enterprise
plays a leading role in the overall management of the forest because this enterprise is nationally
mandated to control and manage all forests in Oromia state forests. Other stakeholders are also
strongly committed and mandated to impose access restrictions to the Chilmo forest.
Finally, incentives to involve local stakeholders in sustainable management, involve microcredits, money for petty trade and creating alternative income. These are preferred by almost half
of the household respondents.

1. Introduction
1.1 Background information
Ecosystem services are defined as the direct and indirect contributions of ecosystems to human
well-being (de Groot et al., 2010).In literature, much attention is given to enhance sustainable
management of natural resources and their associated ecosystem services (Daily, 1997).
However, land use change has a considerable impact on the worlds’ ecosystems (MEA,
2005).Despite forest being known to be significant to the delivery of ecosystem services, they are
one of the most threatened ecosystems worldwide (MEA, 2005).
In East Africa and particularly in Ethiopia, loss of ecosystem services caused by the removal of
trees is a major problem for the environment and economic development of the country (FAO,
2006; Kindu et al., 2016).Although consistent statistics are not established, several scholars
estimate deforestation rates at 150,000 to 200,000ha per year (Lemenih and Melaku, 2008).
Because of these alarming rate of deforestation the forest area coverage of Ethiopia dramatically
decreased to 4% (Leminih et al., 2015), compared to 30% at the end of 19th century (WBISPP,
2004). However, due to large scale reforestation program and massive planting campaigns the
forest area has been increased. Currently 98 million peoples are living in Ethiopia from which
80% live in the countryside (UN department for economic and social affairs 2015) and most of
them are highly dependent on forest resources.
The current high population growth leads to high demand for food and this ultimately leads to
rapid conversion of forest land into agricultural area (Kindu et al., 2013). As a consequence
ecosystem services, which the forest provides to humans degraded and ultimately lost. Land- use
changes into agricultural area maximize a single output (food) but at the expense of other services
such as regulating; cultural and supporting services (Bennett et al., 2009; Loft, 2011; Kindu et al.,
2016).
Assessing and being aware of benefits of ecosystem service is essential to understand the
importance of ecosystem services for improving and continuing human wellbeing and for
sustainable management of the ecosystem (Costanza et al., 2014). Furthermore, information on
ecosystem services is important for decision makers to understand the dependency of local
communities on ecosystem services, to incorporate perceptions of stakeholder and to come up
with better land use policy (Forster et al., 2015).
Over the last fifty years, the forest management strategy in Ethiopia has negatively affected the
forest by hindering local people’s access and use right of resources which leads to further
devastation of forest resources (Tagesse and Wossen, 2015). Similar to many parts of Ethiopia,
Chilmo forest was one of the most exploited forests in the country. Ineffective centralized forest
management, frequent political change and associated shift of property rights coupled with
unsustainable use of natural resources and land use change led to forest degradation and
deforestation particularly in Chilmo forest (Negassa and Wiersum, 2006).
Several efforts tried to minimize the rate of deforestation and associated ecosystem services such
as reforestation and afforestation by different development initiatives projects but they were not
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successful because they didn’t incorporate private incentives and no participation of local
communities (Lemenih, 2012). However in 1996, to minimize the rate of deforestation in Chilmo
forest, Farm Africa and the government of Ethiopia (Forestry department) initiated Participatory
Forest Management (PFM) schemes. In sharp contrast to a top down approach of forest
governance, PFM gives priority and consideration to local communities as a primary stake in
conserving and managing the forest. As a result the rate of deforestation minimized and also
forest restored (Lemenih et al., 2015). The PFM project results confirm that in order to protect the
forest in sustainable way it is good to allow local communities to use provisioning services such
as proper production and marketing of None Timber Forest Product (NTFP) as an alternative
source of income. This eventually shifts toward more forest friendly livelihood activities which
enhance forest’s productivity (Leminih et al., 2015).

1.2 Problem statement
Despite of the tremendous importance of forest ecosystem services, little consideration is given to
assess ecosystem services and the benefit that the Chilmo forest ecosystem provides to local
communities. Therefore, site-specific information for conservation and management is required
(Plummer, 2009, Hein et al., 2006)). Although the poorer households heavily dependent on
forest resources (Tagesse and Wossen, 2015), the degree of dependency of local communities on
forest ecosystem services in this specific area are poorly known. Such knowledge is, however, is
crucial to understand the importance of the forest for supporting local peoples’ livelihood and the
willingness of local communities to take responsibilities to participate and cooperate in collective
action for sustainable conservation and management of Chilmo forest (Tagesse and Wossen,
2015;Lemenih and Bekele,2008).
Understanding degree of dependence of local communities on ecosystem services helps to find
alternative sources of income/livelihood support from complementary livelihood intervention
such as carbon trade, REDD+, credit for apiculture, fatting, and petty trade. Sustainability of
ecosystem services cannot be achieved unless diversification of livelihood is put in place,
especially for the most deprived local people and for women. However, a lack of consistent
incentive mechanisms is another factor that may decrease the motivation of local communities to
respond to long lasting environmental problems like deforestation (Lemenih and Bekele, 2008;
Patterson and Coelho, 2009). Identifying the main stakeholders, who depend directly and
indirectly on Chilmo forest, is crucial to analyze the management of forest in a more holistic way
and find a sustainable solution for conflict of interest between stakeholders (Cohen-Shacham et al
., 2015).

1.3 Research objective and questions
The general objective of this thesis study is to examine the services and benefits of the Chilmo
forests to local communities and to investigate incentives and disincentives to sustainably
manage the forest. This will be done by performing an integrated ecosystem assessment. These
objectives result in the following research Questions (RQs):RQ1. Which ecosystem services are provided?
RQ2.Which ecosystem services are perceived and preferred by local communities?
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RQ3.How do local communities depend on ecosystem services?
RQ4. Who are major stakeholders involved in sustainable forest management?
RQ5.Which incentives engage stakeholders in sustainable forest management?

1.4. Study area description
The Chilmo forest is one of the few remnants of dry afromontane forest located in Dendi District,
western Shewa zone, Oromia regional state, Ethiopia. The Chilmo Forest is located 70 km west
of the capital Addis Ababa. The forest is situated between altitudinal range of 2,170-3,054 m
above sea level and geographically positioned at 38° 07′ E to 38° 10′ E and 9° 30′ to 9° 50′ N’
(Alebachew, 2015). The Kooppen’s climate classification, groups the climate of Chilmo forest
under Warm Temperature Climate I (CWB) (Alebachew, 2015). The average yearly temperature
ranges from 15-200C (Shumi, 2009). However, according to Daniel Gamachu, ( 1977), the
rainfall in the Chilmo forest and the surrounding area belongs to Type- I rainfall regimes who
receives rainfall for five months per year extending from May to September. Even though it
peaks in July, the mean annual rainfall is 1,264mm (Shumi, 2009).
The forest area covers 4944 hectares from which 415 hectares is plantation forest (Shumi, 2009).
Currently Chilimo forest is owned by 8 Forest cooperatives and 4 Forest users Group. Over 2858
households, 15,000 people (total population) live inside or surrounding the forest (Tagesse and
Wossen, 2015). Surprisingly, Chilmo forest is the place where one of the longest rivers (Awash
River) originates and also it is the home of over 180 species of birds and 21 species of mammals.
Some of the endemic subspecies of mammals include Colobus Monkey, Meneliks bushbuck,
Anubis baboon, leopard and Vervet monkey (Woldemariam, 1998).Furthermore, Chilmo forest is
rich in diversity of broad leaved tree species mainly Olinia rochetiana, Allophylus abyssinicus,
Juniperus procera, cuspidiata, Podocarpus falcatus, Rhus glutinosa, Olea europaea ssp, Scolopia
theifolia (Bekele, 2003).
Shumi (2009) investigated 42 species in Chilmo forest, 64% of them are trees and 36% of them
are shrubs. Soromessa and Kelbessa, 2014 also investigate 213 plant species which are
categorized into 83 families. Surprisingly, 17 of them are endemic tree species. Similarly
Alebachew (2015) explore 33 different native species among which 22 are tree species and the
remaining are shrub species. Furthermore the density of trees in different patch of the forest
ranges between 2,533 stems to 848 stems per hectare(Alebachew, 2015).However Maytenus
gracilipes species score the maximum density 258.7 stems per hectare followed by Podocarpus
falcatus (120 individual per hectare) and Scolopia theifolia (109.3/ha) (Soromessa and Kelbessa,
2014 ). In addition to the natural forest species in plantation forest include Hagenia abyssinica,
Podocarpus falcatu, Eucalyptus saligna, Eucalyptus camaldulensis, Juniperus procera, Cupressus
lusitanica (Kassa et al., 2008).
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Figure 1: Map of the study area (source: Satellite Imagery from Environmental System Research
Institute (ESRI), Dark green is the Chilmo forest and the rest are other land use types).
1.4.1 Population characteristics of the study area
Chilmo Gaji forest is surrounded by seven peasant associations. The original settlers in the area
are Oromos, but during the last century few ethnic groups belonging to Gurage, Amahara and
kembata have settled in the area (Soromessa and Kelbessa, 2014).Most of the new settlers are
descendents of the saw mill workers and forest laborers (Bekele,2003). Agriculture is the main
occupation of the community in the study area. However forestry also has a great contribution for
household livelihood.
Chilmo forest provides different ecosystem services which support people’s livelihood living in
and surrounding the forest. Chilmo provides the services as grouped by The Economics of
Ecosystem Services and Biodiversity (TEEB).It offers provisional services such as timber for
construction, farm implement, fire wood, charcoal, wild fruits, tree seed, honey, herbs, medicinal
plants; regulating services such as climate regulation, water regulation, erosion regulation,
pollination; Habitat services such as gene pool protection and Nursery ; cultural services such as
aesthetic ,research & education, recreation and ecotourism and so on.

1.5 Outline of the thesis
This thesis consists of ten chapters. The first chapter (this chapter) introduces the general part of
the whole thesis, such as background information, problem statement, research objectives,
description of study areas and population characteristics. In chapter 2, methodological
frameworks of the research are described. A review of literature on typology of ecosystem
services, concepts, and definitions are also elaborated in chapter 2. Major findings are presented
from chapter 3 to 8. Several themes are covered in these chapters. Different landscape units are
identified in chapter 3. Types of ecosystem services are described in chapter 4. Perception and
4

preference of local communities toward ecosystem services are underscored in Chapter 5.
Dependencies of local communities on ecosystem services are described in chapter 6. The role of
stakeholders in management of Chilmo forest, and the incentives perceives by local community
towards sustainable management of the forest resource are presented in chapter 7 and 8,
respectively. Chapter 9 devoted to discussion of the major findings. Chapter 10 concludes from
the major findings of the research.

5

2. Methodology and literature review
2.1 Conceptual framework used in this study
A consistent framework is crucial for detailed assessment of ecosystem services (de Groot et al.,
2012). A number of frameworks have been developed for analysis of ecosystem services namely
by MA, (2003), MA, (2005b), Daily, (1997), Daily, (2000), de Groot et al., (2002). However
each author classifies ecosystem services in his or her way. Thus data on ecosystem services were
analyzed differently. Therefore, in order to make a consistence and detailed assessment of
ecosystem function, goods and services standardized framework is crucial. The framework
developed by de Groot (2002 ) overcomes mismatched scales of analysis and helps to present a
conceptual framework for typology for discussing, classifying and valuing ecosystem functions,
goods and services in cleared and reliable way.
In this thesis, an integrated assessment of ecosystem services was prepared based on the
integrated assessment frame work developed by de Groot et al (2002), which is vital to assess and
categorize different ecosystem function and services. In addition to this framework I tried to
examine the cause and effect of environmental problem on ecosystem services and the
relationship between human and environment using DPSIR model. The DPSIR model helps to
initiate environment based development projects and policies since the model easily illustrate the
area of intervention (EEA, 2001). The DPSIR framework consists of five components which are
influenced each other. It provides detail information about the drivers which are mostly caused by
anthropogenic factor which create a pressure on ecosystem, state of the environment, impact on
ecosystem and possible and necessary responses (Kristonsen, 2004).

Drivers
(Anthropogeni
c factor)

Pressure
(Causes of the
problem on the
ecosystem)

State
(Changes of
the ecosystem)

Responses
(intervention)

Impact
(Impact on
human)

Figure 2: A generic DPSIR model (Adapted and modified from Gregory et al. (2013)).
Drivers of changes (in this case deforestation) are classified as direct and indirect drivers based
on its immediate impacts. The direct driver of deforestation includes increasing demand of
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agricultural land, grazing land, settlement place, wood products, unemployment and Poverty. The
Indirect driver of deforestation is mainly population pressure and proximity of the forest area to
nearby towns and the capital city. As a result of all this drivers, pressure is exerted on forest
ecosystem services that lead to changing the capacity of state to convey vital ecosystem services.
The change of state negatively affects the population who are dependent on the ecosystem
services. The responses through number of interventions such as payment for ecosystem services,
REDD+ and other financial incentives are able to influence the driving forces in order to decrease
pressure on the forest.

Planning and management
Ecosystem
structure and
processes

Ecosyste
m
functions

Ecological
Value
Sustainability

Ecosystem
services

Socio cultural
value
(Education,
spiritual,
aesthetic
,recreation
Economic value
(Economic
dependency

Decision
making
Support

Incentives
(credit, money
for petty trade,
alternative
income)
Stakeholders’
involvement

Key
Main focus of this thesis

Figure 2: Framework for integrated assessment and valuation of ecosystem functions, goods
and services in environmental planning management and decision (adapted from de Groot et al.
(2002)).
The framework involves detail assessment of ecosystem goods and services which engage the
conversation of ecosystem processes and structure into a small number of ecosystem functions.
Ecosystem function again translated into goods and services on which human depend. The
benefit derived from ecosystem goods and services are valued based on the ecological, socio
cultural and economic value. Ecological values are measured in terms of ecological
sustainability, socio-cultural values (information function) which are measured related to equity
and perception of human society toward natural capital and economic values which are mainly
calculated based on four basic of valuation methods. The methods are direct market valuation,
indirect market valuation, Contingent valuation and group valuation. The total economic value of
the ecosystem is calculated based on all these values. The result would help decision makers in
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planning and management of natural resources. Furthermore, Involvement of stakeholder in each
step of integrated assessment framework is crucial to support decision making process (Hein et
al., 2006).
2.1.1 Typology of ecosystem services
Ecosystem provides a range of functions mainly socio cultural, economic and ecological value
that sustains human beings on earth. The ecosystem functions are different in each land cover and
land use type. The term Ecosystem function has interpreted differently in ecological literature.
Some author use ecosystem function concepts to explain internal functioning of the ecosystem
(Nutrient cycling, food web interaction) and its relation to the benefit obtained from ecosystem
processes and properties such as food production and waste treatment.
Overall, ecological processes and interaction of ecosystem components leads to ecosystem
functions that further give us good and services (De Groot, 2000). Different authors give number
of definitions for ecosystem services such as
 Ecosystem services are defined as the direct and indirect contributions of ecosystems to
human well-being (de Groot et al., 2010).
 ‘’Natural assets that support human health and well being’’ (Collins and Larry, 2007).
 Ecosystem services are the benefits people obtain from ecosystem (MEA, 2003, MEA,
2005b).
 Ecosystem Services -“conditions and processes through which natural ecosystems, and
species that are part of them help and sustain and fulfill human life” (Daily, 1997) .
 ‘’The benefits human populations derive, directly or indirectly, from ecosystem
functions’’ (Costanzaet al, 1997).
 Ecosystem services as ‘‘the set of diverse ecological functions that are essential to human
welfare; these services can provide significant, measurable benefits to humanity,
potentially providing an economic argument for ecosystem conservation’’ (Kremen et al.,
2002).
These ecosystem services have been classified in a number of ways (MEA, 2003, MEA, 2005).
The main interest of Millennium Assessment (MA) is the linkages between ecosystems and
human well-being and, in particular, on “ecosystem services. The MA describes the whole range
of ecosystem from untouched natural forest to ecosystems which are highly modified by humans
such as agricultural land. MA grouped the services into four: provisioning, regulating, cultural
and supporting service.
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Provisioning services –

Regulating services –

Provision of food, water, timber,
medicinal plant, and tree seed.

Climate regulation, flood
regulation erosion control, air
regulation, water purification

Cultural services–
Recreation and ecotourism,
aesthetic, educational and
research.

Supporting services –
Soil formation, nutrient cycling
and primary production

Figure 3: Typology of Ecosystem services (MEA, 2003; MEA, 2005). Picture source:
Since the millennium assessment definition is very broad and includes both supporting ecosystem
functions and services, calculating ecosystem value is difficult (Farely and Costanza, 2010; Deal
et al., 2012) and double counting the same ecosystem services potentially underestimates the
actual value. Therefore, the economics of ecosystem and biodiversity (TEEB) replaced
supporting services in the MA with habitat services.
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Box 1: TEEB grouped ecosystem services into four categories: Provisioning, Regulating, Cultural
and Habitat services adopted and modified from TEEB (2010).
Categories of Ecosystem
Services

Description of Ecosystem Services

Provisioning Services






Fish/meat and other foods
Wood for houses/timber products
Non-timber products (hats, honey, medicinal plants)
Water supply/annual water yield

Regulating Services










Protection from elements (flood, drought, fire prevention)
Carbon storage/sequestration
Microclimate regulation
Water purification
Water regulation
Erosion control
Biological Control/Disease regulation
Pollination

Cultural Services







Eco-tourism
Intrinsic value
Education for locals and children
Spiritual importance
Recreation

Habitat Services



Biodiversity protection
o Habitats for species (nursery grounds)
o Maintenance of genetic diversity (genepool
protection)

According to Daily (1997), Natural ecosystem are the source of number of goods and services
which are beneficial for human beings to sustain life on earth. The services provided by the
natural ecosystem conserve biodiversity and deliver ecosystem goods and services such as
fodder, fuel wood, and timber and pharmaceuticals products. These goods have a great
contribution for the country’s economy development. In addition to the provisioning services the
natural ecosystem also performs basic life support services such as purification of air & water,
climate regulation and maintenance of biodiversity. However, the contribution of regulating for
the economy is undervalued (not traded in market place). In addition to the above advantages
natural ecosystems are a means of pleasure and inspiration for local people living around the
natural resources and for human beings as a whole. Its natural and artistic beauty attracts film
producers, eco -touring and it is a source of intellectual and spiritual stimulation.
Daily (2000) explain ecosystem as a capital asset that deliver essential ecosystem services such
as production of goods (Sea food ,fodder, fiber ,timber) which contribute more for the country’s
economical development. Regulating services are also important services provided by natural
10

ecosystem such as water purification, Air regulation, Pollination and so on. Furthermore,
ecosystem services are the source of enjoyment, beauty, and cultural inspiration. In addition the
cultural services contribute for maintenance and conservation of biodiversity (Daily, 1997). All
the services are the results of a complex interaction of natural system which are governed by
solar energy .Ecosystem services are vital to sustain life on earth and because of its interrelated
functions most of the services are not substitute by technological advancement (Ehrlich and
Mooney, 1983).
Box 2: A classification of ecosystem services with illustrative examples (Daily, 2000)
1) Production of goods
Food Terrestrial animal and plant products Forage Seafood Spice products Pharmaceuticals
Medicinal plants Precursors to synthetic pharmaceuticals Durable materials Natural fiber Timber
Energy Biomass fuels Low-sediment water for hydropower Industrial products Waxes, oils,
fragrances, dyes, latex rubber, etc Precursors to many synthetic products Genetic resources
Intermediate goods that enhance the production of other goods.
2) Regeneration processes
Cycling and filtration processes Detoxification and decomposition of wastes Generation and
renewal of soil fertility Purification of air Purification of water Translocation processes Dispersal
of seeds necessary for re vegetation Pollination of crops and natural vegetation.
3) Stabilization process
Coastal and river channel stability Compensation of one species for another underlying varying
condition Control of the majority of potential pest species Moderation of weather extremes (such
as temperature and wind) Partial stabilization of climate Regulation of Hydrological cycle
(mitigation of flood and droughts).
4) Life fulfilling functions
Aesthetic beauty Cultural, intellectual and spiritual inspiration Existence value scientific
discovery Serenity
5) Preservation of options
Maintenance of ecological components and systems needed for future supply of these goods and
services and other awaiting discovery
To incorporate the value of ecosystem services both in biophysical and in economic terms
systematic characterization of ecosystem services from local to global level is crucial. Because
decision making process need ways how to estimate the social value and how to develop
institutional strategies to recognize the value of ecosystem services. There are four components
of ecosystem service framework (Daily, 1997b). These are:
1. Identification of ecosystem services
Despite tremendous importance of ecosystem services little attention has been paid to the stock of
natural capital that supplies ecosystem services. It is crucial to know which services are produced
and consumed locally (e.g. pollination, pest control, renewal of soil fertility), which are produced
and consumed globally (e.g. preservation of the genetic resources, climate stabilization), and
which are imported or exported regionally (e.g. seafood, timber, ﬂood control, water puriﬁcation
(Daily, 2000)

11

2. Characterization of the services
Before characterizing the value of ecosystem services for decision makers ecological
characterization is essential because it determine the shape of production functions and it discuss
how ecosystem generate services because each ecosystem services are interdependent, one
service would influence the function of other services. After identification of major ecosystem
services types and flows ecological and economic attributes must be established to understand the
trade-off between them.
3. Establishing Safeguards:
There are two Main role of safeguarding ecosystem services, the first one is determining the
desired mix of service production ,especially use of production service for example deforestation
of tree for timber may influence the delivery of number of other services such as climate
regulation, water purification and so on. The second is generating institutional means of securing
the desired range of options such as quantifying each services and making the trade off.
4. Monitoring the services/evaluating the safeguards.
Most ecosystem services doesn’t have effective monitoring system .The supply of each
ecosystem services for example tons of soil protected by regulating services , quantity and
quality of water purified by forest should be known in order to monitor and safeguard the
services. Furthermore attention should be given to develop monitoring system for less identified
ecosystem services.
2.1.2 Ecosystem services typology used in this research
Ecosystem services in this research include both physical goods and indefinable services
provided by Chilmo forest as defined by The Economics of Ecosystem and Biodiversity (TEEB).
Ecosystem Goods and services provided by Chilmo forest include provisioning, regulating and
cultural services that directly affect people and habitat services (Pascual et al, 2010).In this thesis
the classification of ecosystem services was done using the typology of ecosystem functions and
services adapted from (Costanza et al., 1997, de Groot, 1992, de Groot et al., 2002).
Table 1: Functions, goods and services of natural and semi-natural ecosystems adopted from
(Costanza et al., 1997; De Groot, 1992; De Groot et al., 2002)
No
Service category
Description
Example
Regulation function maintenance of essential ecological processes and life support systems
1

Gas regulation

2

Climate regulation

3

Disturbance regulation

Regulation of Atmospheric
chemical composition
Regulation of global temperature,
precipitation, and other
biologically mediated climatic
processes at global or local levels.
Capacitance, damping and integrity
of ecosystem response to
environmental variation

CO2/O2 balance,O3 for UVB
protection, and SOx levels
Green house gas regulation, DMS
production affecting cloud formation

Storm protection, Flood control,
drought recovery and other aspects of
habitat response to environmental
variability mainly controlled by
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vegetation structure.
Provisioning of water for agricultural
(such as irrigation) or industrial (such
as milling)processes or transportation.

4

Water regulation

Regulation of hydrological flow

6

Erosion control and sediment
retention

Retention of soil within an
ecosystem

5

Water supply

Storage and retention of water

7

Soil formation

Soil formation process

8

Nutrient cycling

Storage, internal cycling,
processing and acquisition of
nutrients

9

Waste treatment

Recovery of mobile nutrients and
removal or breakdown of excess or
xenic nutrients and compounds.
Movement of ﬂoral gametes

Waste treatment , pollution control
and detoxification

Variety in (bio)chemical substances in, and other medicinal
uses of, natural biota
17
Variety of biota in natural
ecosystems with (potential)

Drugs and Pharmaceutical
Chemical models and tools
Test and essay organism

Provisioning of pollinators for the
reproduction of plant populations.
Biological control
Trophic-dynamic regulations of
Keystone predator control of prey
11
populations
species, reduction of herbivory by top
predators.
Habitat (supporting) functions: Providing habitat (suitable living space) for wild plant and animal species ♦
Refugium function
Habitat for resident and transient
Nurseries, habitat for migratory
12
populations.
species, regional habitat for locally
harvested species, or over wintering
grounds.
13
Nursery function
Suitable reproduction-habitat
Maintenance of commercially
harvested species Production
Production functions Provision of natural resources
Food production
That portion of gross primary
Production of ﬁsh, game, crops, nuts,
13
production extractable as food.
fruits by hunting, gathering,
subsistence farming or ﬁshing.
Raw materials
That portion of gross primary
Production of lumber ,fuel or fodder
14
production extractable as raw
materials.
Genetic resources
Sources of unique biological
Medicine, products for materials
15
materials and products
science, genes for resistance to plant
pathogens and crop pests, ornamental
species (pets and horticultural varieties
of plants).
10

Pollution

Prevention of loss of soil by wind,
runoff, or other removal processes,
storage of stilt in lakes and wetlands.
Provisioning of water by watersheds,
reservoirs and aquifers.
Weathering of rock and the
accumulation of organic material.
Nitrogen ﬁxation, N, Pand other
elemental or nutrient cycles.

Medicinal resources

Ornamental resources

Resources for fashion, handicraft,
jewellery, pets, worship, decoration

13

ornamental use

Information functions Providing opportunities for cognitive development
Recreation
Providing opportunities for
16
recreational activities.
Cultural
Providing opportunities for non17
commercial uses.
Aesthetic information

Attractive landscape features

Spiritual and historic
information

Variety in natural features with
spiritual and historic value
Use

Science and education

Variety in nature with scientific
and educational value

Carrier Functions
Habitation

and souvenirs (e.g. furs, feathers,
ivory, orchids, butterflies, Aquarium
fish, shells, etc.)
Eco-tourism, Sport Fishing, and other
outdoor recreational activities.
Aesthetic, artistic, educational,
spiritual, and/or scientific values of
ecosystems.
Enjoyment of scenery (scenic roads,
housing, etc.)
information
Variety in natural features with
spiritual and historic value
Use of nature for religious or historic
purposes (i.e. heritage value of natural
ecosystems and features)
Use of natural systems for school
excursions
Use of nature for scientific research

providing

2.1.3 Stakeholder analysis
Currently stakeholder analysis becomes popular in number of governmental and
nongovernmental organizations especially for natural resource management (Reed et al., 2009).
Stakeholder analysis is defined by many authors. Varvasovszky and Brugha (2000), define
Stakeholder analysis as “a tool or set of tools for generating knowledge about actors- individuals
and organizations – so as to understand their behavior, intentions, inter relations and interests;
and for assessing the influence and resources they bear on decision making or implementation
processes”. In addition stakeholder analysis is beneficial to evaluate different perspectives of
stakeholders involved in the area and also to understand the level of dependence on specific
services (Hein et al., 2006).
In this thesis, stakeholder analysis was done based on three steps. First, I identified a key
stakeholder who has a stake in the Chilmo forest based on household survey, key informant
interview and secondary data. Second, I prioritized and weigh them as primary, secondary and
tertiary using stakeholder influence matrix. Third, I assessed relative stakeholder management
capacity and commitment toward Chilmo forest.
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Primary, Secondary, Tertiary/External Stakeholders
Degree of influence/”power”
High

Low
A stakeholder who significantly
dependent up on Chilmo forest ecosystem
services.

Degree
of impact
/interest

A stakeholder who are not primary dependent on Chilmo
forest ecosystem services but still loss Ecosystem
services
Secondary Eg. downstream farmer

Primary Eg. Local communities
A stakeholder whose action can affect
sustainable management of Chilmo forest
but who do not loss or gain ecosystem
services.
Tertiary (external) E.g., Scientists and
NGOs

Not included in this study
Stakeholder who are somewhat affected by
mismanagement of Chilmo forest and have little
influence.
Eg. Off site wood factory (Tertiary)

Low
Table 2: Stakeholder influence matrix adopted and modified from TEEB (2010).

2.2 Sampling Procedure
In order to analyze if location influences the use of ecosystem services sampling procedure for
selection of forest cooperatives was carried out using purposive sampling techniques. Purposive
sampling was used to select four forest cooperatives from eight forest cooperatives based on the
direction of watershed (lower to upper catchment), condition of forest (highly managed to the
disturbed forest), accessibility for field work, dependence of local people. According to this
criteria four forest cooperatives namely Chilmo, Mesalemia , Gallessa and Dano Sengote were
selected. On the other hand, Selection of household respondents was carried out using simple
random sampling techniques. First we got the sampling frame from each forest cooperatives
mainly name of household head, then we selected 25 respondent sample households from each
forest cooperatives using lottery system. All the selected respondents for this specific study were
the head of the household. The sample size of the household survey for each cooperative was 1320% of each total household since number of household in each cooperative varied. A total of
100 household heads were participated for the household survey. On the other hand, the
participants for pebble distribution method was selected together with Forest cooperatives
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representatives and forest Enterprise experts. The members of the participants for pebble
distribution were elders, women, and youth. Selection criteria were based on the number of years
stayed in the area, age class, gender, wealth and social status. PDM exercised in four forest
cooperatives. The number of participant in each group was eight. For this exercise a list of
ecosystem services were collected from literature, field observation and survey results.

2.3 Data collection methods
The study had employed triangulation of primary data collection methods such as household
survey, key informant interview, Pebble distribution methods used in system analysis was
implemented to retrieve the required data. In addition secondary data was used to backup the
primary data.
1. Field observations
Field observation and personal interview were used to identify different landscape units
found in the study area.
2. Household survey

Figure 4: Picture showing household head interview
Semi structured questioner was used to answer the research questions. Before starting household
survey we were pre-testing the questioner and we made minor correction. A total of 100
household heads were participated for the survey. Number of sample household in each forest
cooperative was twenty five. Prior to asking the questions the purpose of the household survey
were briefly explained for selected household survey respondents. Primary data from the sample
respondent include general information of the respondent household such as name, age, sex,
marital status, wealth class educational status ,number of family members, landholding size etc),
were included in addition to the key questions related to specific objectives/questions.
3. Key informant interview
Checklists and semi structured questioner were prepared for the key informant interview to get
more in depth data about forest ecosystem services. The interviewed were elders, women, Youth,
FUG officials, forest enterprise officials and experts. Furthermore attention were given during
selection of participant such as number of years they lived in the area, firsthand knowledge of the
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area(Those who know about the area),traditionally and culturally respected elders to answer
questions related to historical background and cultural value of the forest. We interviewed one
key informant from each forest cooperatives due to lack of time and other security issues in the
study area.
4. Pebble distribution method
Pebble distribution method (PDM) was used in addition to the household survey to put ecosystem
services preferences in order of importance based on perception and knowledge of local people.
The participants were selected together with Forest union group representatives, experts; forest
Enterprise committees and Facilitator. The participants for pebble distribution are selected from
elders, women, and youth based on the number of years stayed in the area, from different wealth
status and social status. PDM exercised in four forest user group (FUG). The number of
participant in each group was eight. The selected participant for PDM reached an agreement
before they begun the exercises about the definition of each landscape units which are found in
the study area. Five landscape units and ten provisioning and three cultural services were
explained and used. Each landscape units were written in local terms and drawings for illiterate
members for easy understanding and clarification. After arranging the figure of each landscape
unit the facilitator demonstrated the steps of the PDM exercises using local language (Oromifa)
to ensure all the categories are well understood and clear for all the participants. In addition the
facilitator explained how they distributed 100 Pebble (in this case Maize seed) to indicate the
importance of each landscape units based on the relative importance of each service.During PDM
exercise participant raised number of questions and discussed thoroughly to identify the most
important services against each landscape. However one person is responsible to place the
pebbles/maize seed on the paper but everyone has to agree before score is considered final and
written down. The scoring for each service was counted and recorded on the data sheet. In
addition the facilitator has to check the total number of pebble is 100 after each exercises. The
participant repeated the exercise for specific ecosystem services against landscape units. The
services that received high number of maize seed are the most important services for specific
landscape. The better the number of services shows the degree of comparative importance
compared to other services specific to each landscape unit. After finishing each game participants
were asked for the reason why they gave the highest score for one service related to other
services.
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Figure 5: PDM participants assigning score for each service

5. Secondary data
Secondary data sources such as journals ,scientific articles, published documents , official
publication from research institute, unpublished documents from Forest enterprise, extension
organization, Ministry of agriculture, and others development partners in the area of study were
used to back up the primary data.

2.4 Data analysis and management
SPSS version 20 software and Microsoft excel were used to describe socioeconomic
characteristics of households and to summarize their responses about ecosystem services. The
analysis were used descriptive statistics mainly frequency, descriptive, bar chart, cross tabulation
pie charts and histogram. In addition data of PDM results were analyzed using Microsoft excel
especially by employing different charts, percentage, and average and so on. Data collected
through discussions and observations was analyzed qualitatively.
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3. Identification of the different landscape units
Since Ecosystem services are different from landscape to landscape, identification of diverse
landscape in the study area is crucial to identify the type of ecosystem services provided from
each landscape. Field observation and personal contact were used to identify different type of
landscape identified in the study area. There are mainly five landscapes identified in the research
site. The landscape includes Farmland, Homestead, woodlot, grazing land and forest land.
However for this thesis main emphasis is given for forest ecosystem services.

3.1 Homestead
Homestead is a place which has a farmer house and backyard mostly fenced with woody
materials. In addition it has also free spaces for keeping domestic animals. In the study area
mostly the farmer use their homestead for agrforestry practices which are the most common and
very promising production land use systems in which trees animals and crops are established on
small piece of land in backyard. Agrforestry practices have a number of advantage because in this
system farmers harvest food, fruit, fuel and fodder. Therefore, integrating three practices together
are preferable for multiple advantages. Furthermore homestead agrforestry practices provide
timber products in the long term, while providing a short term economic benefit from vegetables
and livestock management such as milk and milk product. In addition the system provides
medicinal plants to cure both human beings and livestock (Bishaw et al., 2013).According to the
result of household survey 68% of the respondents base their life on this landscape.

Figure 6: Picture of homestead in the study area.

3.2 Farm land
Farm land is also known as agricultural land which is devoted for growing of crops, vegetables,
spices and rearing of livestock. The farm land surrounding Chilmo forest covers 2528ha
(Lemenih et al., 2015).Agriculture is the main occupation in the study area. In addition forestry
plays a great role in the contribution of household income (Tagesse and Wossen, 2015). Due to
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population pressure the demand for agricultural land leads to deforestation and subsequent
increase in agricultural area. Land use change maximizes provisioning services in the expense of
other services. The major food crops growing in the study area are Teff, Wheat, maize, Grass pea,
and chickpea. Potato, garlic, Onion paper, lettuce are vegetables which are commonly growing in
the study area. The data reveals that 71% of the respondents base their life from growing
agricultural crops and vegetables.

Figure 7: Picture of farm land surrounding Chilmo forest

3.3: Natural Forest land
Forest land is lands covered with trees, shrubs and herbs with different strata. The Chilimo forest
is one of few examples of Afromontane coniferous and broad-leaved forest, which makes it a
unique source of species diversity. The forest area covers 4529 ha (Shumi, 2009). Chilimo forest
is composed of mixed broad leaved Podocarpus falcatus, Olea europaea ssp. cuspidiata, Scolopia
theifolia, Rhus glutinosa, Olinia rochetiana and Allophylus abyssinicus and coniferous forest
species Juniperus procera are the major tree species in the forest (Bekele, 2003).

Figure 8: Picture showing part of Chilmo forest
20

3.4 Woodlot
Woodlot is an area of land in which trees are grown in line or in batches. Tree species in woodlot
are few in number. Farmers prefer fast growing tree species or exotic species like Eucalyptus to
satisfy high demand of wood for fuel, construction material and so on. In the study area there is
experience of planting fast growing trees in piece of land both for household wood consumption
and income which ultimately minimize the pressure on natural forest. Thus, 22% of the surveyed
household respondents plant trees on their wood lot both for subsistence income and for
immediate use.

Figure 9: Picture showing patches of woodlots found in the study area

3.5 Grazing land
Grazing land is a piece of land covered with grass like vegetation, herbs and shrubs which are
suitable as forage and grazed by domesticated livestock. Livestock such as Cattle, Sheep, Goat,
and donkey are largely found in the study area. Forest ecosystem is used as a pasture land for
large number of livestock because private grazing land are rarely found and they use grazing land
as a common pool resources. Even though areas like farm land, wood lots are used as a pasture
land forest ecosystem are the main place not only for grazing of livestock but also they preferred
the forest for shading. Private grazing land is not common in the study area. However, 13% of the
respondents have grazing land which is mostly part of degraded agricultural land.
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Figure 10: Grazing land near to Chilmo forest
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4. Identification of ecosystem services
This Chapter discusses about ecosystem services which is identified and offered by Chilmo
forest. Household survey, Pebble distribution method and field observation were used to identify
ecosystem services in the study area. Numbers of ecosystem services identified from Chilmo
forest are listed below.
Table 3: Ecosystem services provided by forest
Services

Services found in Chilmo forest

Provisioning services
Food
Raw material
Medicinal plant
Tree seed
Water

Regulation services
Climate regulation
Water regulation
Erosion regulation
Temperature regulation













Pollination


Cultural services
Aesthetic
Recreation &ecotourism
Education &research

Food such as wild fruits , herbs and honey
Use of wood for construction, fencing, charcoal, fuel wood,
farm implement, Animal fodder (leaves and grasses), thatching
grass for traditional house making and shading.
Medicinal plant such as Prunus Africana,Hayginia abssinica
Tree seed both for raising seedlings and selling.
Provision of water for household consumption, livestock and
irrigation

Forest cover reduces evapo-transpiration to maintain the
microclimate inside and around the forest.
Role of forest watershed to capture and store water.
Forest cover reduce both wind and water erosion rate by
stabilizing the soil through there root.
Vegetation cover use to moderate local temperature by
providing shade and surface cooling.
Many forest trees needs pollinators to produce fruit and seeds
by providing them a range of habitat.





Trees add beauty to the surroundings
Recreation and Ecotourism opportunities
Research site for number of studies and for formal and
informal education





Home for wild animals and habitat for various plant species.
Production place for permanent and annual species ,
Number of Nurse plant to facilitate growth of others

Habitat services
Home of wild animal
Nursery
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4.1 Provisioning services
The Chilmo forest provides number of provisioning services namely food, raw material,
medicinal plants, tree seed and water. Unlike to other ecosystem services provisioning service
from farm land and homestead are the result of land use change because previously the land was
fully covered by Natural forest.
4.1.1 Food
4. 1.1.1 Wild fruits
Wild fruits are commonly eaten by children usually when they keep livestock in the forest.
However this wild fruit doesn’t have market price, it is a public goods so any one can access it
easily during harvesting time. So it is difficult to judge the value of wild fruits in economic terms.
The most commonly used wild fruits in the study area are Koshim, Agam, Injore, Kegaa, Inkoyi,
Wanza, Shola. Overall, 73% and 12% of respondents from four forests cooperative collect wild
fruit and herbs respectively. However from the total of the respondents, 13% of the respondents
are not participated in the collection wild fruit. Surprisingly only children’s are involved in
collecting wild fruit from the forest (see Figure12).

Figure 11: Picture showing how children collect wild fruit from the forest
4.1.1.2 Honey
Chilmo forest is ideal place for honey production because of diversity of plant species which is
suitable for bee forage .Local people has a long history of keeping bee hives in twigs and
branches of forest tree. However, our result reveals that only 11% keep beehives inside the forest.
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Usually local people keep beehives in the forest in order to hang bees but after the bees entered to
the hives they took to their village in order to protect it from thief.
4.1.2. Raw materials
The forest ecosystem provides number of raw materials for local communities. The raw material
from the forest used for different purposes. In addition it is the source of income for poor local
people for example from selling of fire wood. In this specific study the raw material includes
construction wood, Charcoal, fuel wood, farm implement, fodder (grass and leaves) and forest
honey.
4.1.2.1Construction wood
Construction wood is used for house construction and for other infrastructure. From the total
surveyed households 42% of the respondents are using construction wood from the forest.
Permission for harvesting of construction wood is not the same within four forest cooperatives
which is based on the condition of forests, availability of suitable tree, household income ,number
of request and management power of the cooperatives. For instance local people in Chimo a
forest cooperative has better access of using construction wood (21%) than Dano sengote
cooperatives in which only 3% of the surveyed households are using construction wood from the
forest landscape
4.1.2.2 Charcoal Wood
Charcoal making and use is illegal from the forest. However, the local people locally produce and
use charcoal for household consumption and it is the main source of energy next to fuel wood.
Selling of Charcoal is not common in the study area. Our result shows that 34 % of surveyed
sample household use charcoal as energy source.
4.1.2.3 Fuel wood
Fuel wood is the main source of energy in the study area. Interestingly all household survey
respondents use fire wood for cooking and heating. Collection of fire wood is mostly done by
women and girls. In all forest cooperatives collection of fire wood from forest is allowed but it is
not possible to cut main trees and they collect dried branches, leaves and twigs. Recently local
people started to plant Eucalyptus tree to satisfy the demand of fuel wood and other wood
demand. In addition selling of fuel wood is the main source of subsistence income especially for
local women’s. From the data 70 % of the respondent’s only use fire wood for household
consumption whereas 20 % of sample household respondents collect fire wood both for
household consumption and generating income.10% collect fire wood from forest only for
market. On the other hand Due to the proximity of Mesalmia and Dano forest cooperatives to the
nearby town the percentage of local people taking firewood to the market is high compared to
Chilmo and Galessa cooperatives. Women and girls are mainly participated in fuel wood
collection see figure 13 below.
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Figure 12: Woman and girls collecting fuel wood from the forest.
4.1.2.4 Farm Tools
Since Agriculture is the main occupation for the surrounding communities, wood from Chimo
forest is the main input for making agricultural tools. The survey result shows that 87% of the
respondents harvest wood for making farm implement from the forest. Farm implement
preparation is the main task of men in which 84% of men are participated. The other 13% of the
surveyed respondents doesn’t use farm implement since they don’t have agricultural land.

Figure 13: Use of tree for making farm tool
4.1.2.5 Animal Fodder (leaves and grasses)
The local people are using grazing land for their livestock. However the household use other
landscapes as a supplementary grazing area for livestock such as forest land, farmland, woodland
and homestead. Forest is the main source of forage for livestock. Livestock graze inside the forest
during dry and rainy season because it is not common to use cut and carry system to feed
livestock’s. According to the result 90% of the household’s use forest land as a grazing area for
livestock’s especially during dry season.
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4.1.3 Fresh water
Chilmo forest watershed is the place where the longest river “Awash” originates and it is the
source of number of streams and rivers .100% of the local people use water coming from the
forest. The data revealed that 75 % of the sample households use water coming from the forest
both for household consumption and livestock. According to the surveyed data 25% of the local
people from Chilmo forest cooperatives use water for irrigation purpose in addition to household
consumption and livestock.
4.1.4 Medicinal plants
Chilmo forest support public and livestock health through providing diverse medicinal trees
which are the choice of the majority of poor people. Local people use different parts of medicinal
plant mainly leaves roots, fruits for the treatment of different type of disease. The most common
medicinal plants identified and used in the study area are listed below.
According to household survey 41 % of the household use medicinal plants but only 35% are
involved in collection and use of medicinal plants from the forest. 6% of the local people use the
medicinal plant collected by others mostly by neighbors. However, the use of medicinal plant is
different between forest cooperatives depend on condition of forest, tree composition and the
proximity of the forest cooperatives to the health center. The surveyed household respondents
from Chilmo forest cooperatives have a better trend of using medicinal plants compared to other
forest cooperatives. Mostly Men are involved in collection of medicinal plants than female.
4. 1.5 Tree seed
Since Chilmo forest is composed of a variety of tree species, local people collect tree seed from
the forest both for tree seedling production and for market. However, only 6% of the surveyed
sample households collect tree seed from the forest.
4. Regulating services
Forest is the cornerstone for provision of many of ecosystem services. Among all the services
regulating ecosystem services are vital to sustain human beings on earth. In addition to the direct
benefits of the forest (provisioning services) forest also serves as a biological pool. Regulating
services are essential for regulation of ecosystem processes and life support systems and helps to
make ecosystem favorable to human beings by managing climate, temperature water and air
quality (de Groot et al.,2002 ;De Groot ,2006).This study focused on regulating services such as
Climate regulation, water regulation, temperature regulation , erosion control and pollination.
Since the forest is rich in biodiversity it has a capacity to regulate important services through
ecological interaction between communities. According surveyed household respondents 82% of
them perceived regulating capacity of forest such as climate, water, erosion and temperature
regulation.

4. 2. Climate regulation
Since climate regulation is the outcome of number of process, it has powerful relation with other
regulating services and provisioning services (Smith et al., 2011).It engage in the management of
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optimum climate mainly temperature and precipitation .Forest ecosystem goods and services help
to minimize the impact of climate on human wellbeing by regulating biogeochemical and
biophysical effects (MA, 2005).The biogeochemical reaction managing global warming through
sinking of GHG mainly CO2. On the other hand, Biophysical effects are responsible to regulate
local and regional climate ( Smith et al., 2011).However local climate is the result of multiple
interaction of global and regional circulation which is mainly depend on topography ,vegetation
cover, albedo and availability of different water body( de Groot et al 2002). Therefore, forest
cover regulates microclimate by providing shade and shelter.
This subsection gives an overview about climate regulation specific to the study area. Since
Chilmo forest is found in central part of Ethiopia, it is the lung of the capital city, Addis Ababa.
Therefore, it is a place where many of ecological process take place. Chilmo forest generates
favorable microclimate for human wellbeing and other living things inside and around the forest.
Furthermore the richness of biodiversity in the forest ecosystem increases the percentage of
carbon sequestration on large extent. To explore more about climate data, there is no metrological
center setting around the study area. But based on the perception of local people the temperature
around Chilmo forest is very favorable and it received sufficient precipitation throughout the
year. The services provided by this function relate to the maintenance of a favorable climate,
both at local and global scales, which has a great contribution for human health, crop productivity
and recreation.
4.2.2 Water regulation
Water regulation is mainly determined by the amount of runoff and river discharges involving in
the watershed (de Groot, 1992, de Groot et al, 2002). The vegetation cover reduces runoff and
increase infiltration rate and release into the air through evapo-transpiration there by increases
water availability in the forest catchment (Bolund and Hunhammar, 1999). The availability of
water in the catchment has a great contribution to sustain rivers and streams found around the
forest. In addition the forest cover helps to stabilize the soil. Furthermore it improves the
availability of water for the downstream farmers mainly for agricultural purpose.
Chilmo forest watershed is the main watershed found in the central Ethiopia. Furthermore it is a
place where the longest river in Ethiopia originates. Therefore the watershed is the source of
number of rivers and streams. However regulation of water related to availability and flow is
determined by richness and biodiversity of different species, organic matter content of the soil
and soil biological interaction (Swift et al., 2004, Harrison et al., 2014).
4.2.3 Erosion regulation
Vegetation cover and tree root structure plays a significant role in maintaining soil moisture,
stabilize the soil and minimizing landslides (MEA, 2003, MEA, 2005b). Regulating erosion and
trapping of sediment is minimized by different strata of plants and it helps to minimize the speed
of water flow down to the soil surface. In addition the capacity of forest ecosystem to regulate
water is determined by soil organic matter, topography and soil cover (Pattanayak, 2004).
However, Erosion is not a main problem because of vegetation cover, undergrowths shrubs, herbs
and grasses. The vegetation covers also minimizes the occurrence of erosion and maintain farm
productivity in agricultural land (de Groot et al, .2002).
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4.2.4 Pollination
Pollination is an important sign of healthy forest ecosystem. Plants can be self pollinated or cross
pollinated but most trees needs pollinators for better reproduction. Number of pollinators are
found in Chilmo forest mainly bees, butterflies, beetles. However honeybee is the most important
pollinators in the study area. With the absence of pollinator many plant species will go extinction
and difficult to cultivate food and commercial crops (de Groot et al., 2002). In addition local
people hang beehives inside the forest to harvest honey both for household consumption and
market.

4.3 Habitat services
Forest ecosystems are the home of wild animals, birds and plant species. Chilmo forest has a rich
biodiversity including 213 plant species which are categorized into 83 families ((Soromessa and
Kelbessa, 2014), 180 bird species in which five are endemic to Ethiopia and 21 species of
mammals. In addition 17 plant species are endemic to Chilmo forest and they are listed as not
threatened, endangered, least concern, vulnerable (Soromessa and Kelbessa, 2014).
4.3.1 Nursery
Chilmo forest is rich in biodiversity both in flora and fauna. A Total of 180 bird species are
recorded in Chilmo forest among which five are endemic to Ethiopia and others are afro tropical
highlands biome species. Some of the biome species are Bostrychia carunculata, Agapornis
taranta, Tauraco leucotis, Lybius undatus, Zoothera piaggiae, Pseudoalcippe abyssinica,
Parophasma galinieri, Parus leuconotus, Oriolus monacha, Corvus crassirostris, Poeoptera
stuhlmanni, Onychognathus tenuirostris, Cinnyricinclus sharpii, Cryptospiza salvadorii and
Serinus nigriceps. Chilimo forest supports populations of many other important birds including
Accipiter melanoleucus, A. tachiro, Buteo buteo, B. oreophilus, Aquila pomarina, A. verreauxii,
the poorly known Kaupifalco monogrammicus and the forest specialist Stephanoaetus
coronatus(important bird and biodiversity areas IBAS: http://www.birdlife.org/datazone).
Therefore, it serves as a genetic pool especially for many of indigenous trees and also it is a
breeding site for resident birds and wild animals. In addition to birds and wild animals Chilmo
forest is the genetic pool for large number of Afromontane endemic tree and shrubs .For example
Ethiopia endemic tree species includes Erythrina brucei and the shrub Acanthus sennii. Other
major species in the canopy comprises Juniperus procera, Podocarpus falcatus, Prunus africana,
Olea europaeacuspidata, Apodytes dimidiata and Ficus spp.
4.3.2 Refugium ( home for wild animals and plants )
Chilmo forest offers a home for number of wild plants, birds and animals. Genetic diversity of
plant and animal species are maintained through conservation and management of natural
ecosystems. Therefore natural ecosystem is essential landscape and considered as a genetic pool
for plant and animal species.
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4.4 Cultural services
Forest has better cultural value compared to other landscape. Before the expansion of Christianity
in the study area many people believed that trees have natural power for making rainfall, ensuring
abundant harvests, helps herds to multiply and so on. In addition local people belief that forest
and trees are home of the god, they have significant respect for scared forests and trees because
of its importance in the community spiritual life. However in the study area spiritual service of
forest was commonly practiced by local communities but now because of the expansion of
religions in the study area they totally stopped use of forests for spiritual purpose. According to
household survey 83% of the respondents preferred forests for recreational purpose than other
areas.
Three major cultural services namely; Aesthetic, recreation and ecotourism, educational and
research services of Chilmo forest were discussed below.
4.4.1 Aesthetic information
Many people enjoy by the naturalness, attractiveness and beauty of Chilmo forest landscape.
Local people in Chilmo forest consider themselves as lucky people since they live in wonderful
scenery of natural areas. It is hard for themto live in different landscape.
4.4.2 Recreation and ecotourism
Chilmo forest is an ideal place for recreation because of scenery of the natural forest together
with its wonderful views. The richness in diversity of plant species coupled with attractive
landscape make Chilmo forest the best area for recreation, relaxation and rest. That is the reason
why almost all respondents for household survey need to visit the forest during their spare time.
In addition there are more than 150 species of birds which attract bird watchers to the area.
However there is no data available to figure out number of visitors coming to the area.
4.4.3 Research and Education
4.4.3.1 Research
Forest ecosystems offer significant opportunities for disciplinary and interdisciplinary research,
environmental education, training and so on. Due to the presence of complex ecological
interaction, its proximity to the nearby cities and main road a number of research projects were
carried out by number of researchers from research organization, universities, and other
development organization. Interestingly numbers of publication have been published from this
specific study site.
4.4.3.2 Education
Chilmo forest is rich in biodiversity of plant and animal species which are significant for
educational purpose. Number of students from nearby universities collages and secondary school
visited the forest. However there is no documented data for further illustration.
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5. Ecosystem services perceived and preferred by local community
Perception and preference of ecosystem services are different between local community based on
the level of dependence, distance from the forest, market and wealth status. In addition their
perception varied based on the landscape. For this thesis Pebble distribution method (PDM) was
used in addition to the household survey to put ecosystem services preferences in order of
importance based on perception and knowledge of local people. Five landscape units and ten
provisioning and three cultural services were used for the exercises. The numbers of participants
for these exercises were eight. The exercise was carried out in four forest cooperatives namely
Chilmo, Mesalimya, Galessa and Dano. See the result of the exercises for each forest
cooperatives in the appendix (12).

5.1 PDM exercise on importance of ecosystem services
To begin, eight PDM exercise participants were selected from elders, women, and youth based on
the number of years stayed in the area, wealth and social status. Then five landscape units and ten
provisioning and three cultural services were selected and explained. Each landscape units were
written in local languages and supported with drawings for illiterate members for easy
understanding and clarification. After arranging the figure of each landscape unit the facilitator
demonstrated the steps of the PDM exercises and how they distributed 100 Pebble (Maize seed)
using local language (Oromifa). All participants reached an agreement before the score was
considered final and written down. One person was responsible to place the pebbles/maize seed
on the paper. The scoring for each service was counted and recorded on the data sheet. Finally the
facilitator checked the total number of pebble after each exercises. Refer appendix (4) for data
sheet.

Figure 14: Demonstration of PDM exercise
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5.2. Importance of provisioning services perceived and preferred by local
community
1. Food
According to the result of PDM exercises food received the highest score from farm land in four
forest cooperative compared to other landscape. The food received from homestead got the
second highest score followed by forest land since it also provides them wild fruit. In most cases
Children’s and youngsters collect wild fruits from Natural forest for personal consumption and
they usually eat inside the forest while they keep the livestock inside the forest. In addition such
wild fruits have no market price since it is not traded in local market.
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Figure 15: Average result of provisioning services (food) based on PDM exercise
2. Fresh water
Surprisingly based on PDM exercises and household survey the sole source of water for human
consumption, livestock and irrigation is the forest. It received 100 % score.
3. Animal fodder
According to all PDM exercise the main source of animal fodder is forest land (44%). Animal
fodder from grazing land has given the second highest score (34%) followed by farm land (18%)
and homestead (5%). The participants preferred to take livestock’s to forest land not only for
forage but also for shade and shelter. On the contrary woodlot doesn’t contribute for animal
fodder production. This is because the tree species used for woodlot like Eucalyptus is not
favorable for grasses and shrubs to grow under the tree.
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4. Farm implement
Forest land received the highest score (75%) for provision of farm implements. Wood lot
received the second highest score (20%) followed by homestead (5%). Farm land and grazing
land has no contribution to the provision of wood for agricultural tool making.
5. Fuel Wood

Percentage

Fuel wood is the main source of energy in the study area, all the households use fuel wood as
energy source. Fuel wood received the highest score with respect to forest (59). Woodlots got the
second highest score (28) followed by homestead (11). Fuel wood from grazing and farm land is
insignificant.
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Figure 16: PDM exercise result of fuel wood collected from each landscape.
6. Construction wood
Based on the result of PDM participants construction wood from forest landscape received the
highest score (60%) followed by woodlands (32%). However the contribution of homestead and
farm land for construction wood is limited.
7. Charcoal
Charcoal is the main source of energy next to fuel food .But selling of charcoal is not common in
the study area. Charcoal received the highest score from forest land (84%) and followed by
woodlands (14%). However charcoal obtained from homestead is very low.
8. Medicinal plant
Medicinal plants are the main ecosystem services used by local community to cure both human
and livestock disease. We found that medicinal plants from the forest got the highest score (59%)
followed by homestead (24%) and woodlots (13%).
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8. Tree seed
Chilmo forest provides tree seed for local people. The tree seed collected from the forest are used
for seedling production and or for generating income. Our result shows that tree seed received the
highest score from forest (68%) followed by woodlot (24%). However, the contribution of other
landscape as a tree seed source is very limited.
10. Honey
Surprisingly unlike other ecosystem services, honey can be collected from all landscape.
However, forest land received the highest score (46%) followed by homestead (21%). Because of
low diversity of species in farm land and grazing land, they give low yield of honey compared to
others.
Table4: Average PDM score of provisioning services by landscape N=100 pebble
Landscape units
Services
Food
Water
Charcoal
Farm
implement
Tree seed
Construction
wood
Fuel wood
Medicine
Honey
Animal fodder

Homestead
(%)
31
0
3
5

Farmland
(%)
55
0
0
0

Forest land
(%)
14
100
84
75

Woodlot
(%)
0
0
14
20

Grazing land
(%)
0
0
0
0

9
4

0
2

68
60

24
31

0
0

11
24
21
5

1
2
7
16

59
59
46
44

28
12
16
0

1
1
11
34

NB: The red numbers showed the highest scores of the services

5.3 Importance of cultural services in relation to Forest cooperatives
Pebble distribution method was used to put three cultural services in order of importance based
on local people preferences and knowledge. Cultural services such as Aesthetic, recreation and
research/education services were identified and chosen for the PDM exercises.
Table 5: PDM score of cultural services per each cooperative.
Aesthetic recreation Research
/education
30%
30%
40%
Chilmo
40%
30%
30%
mesalmia
35%
30%
35%
Galessa
45%
30%
30%
Dano
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1. Aesthetic services
Local people enjoy and appreciate the naturalness, beauty and attractiveness of the forest
landscape. Most people who are living around the forest consider themselves as a blessed people
because of the wonderful scenery of the natural forest. That is why almost 85% of household
respondents preferred forests than other areas. In addition according to PDM scoring exercise in
all research areas forest provides aesthetic services with almost similar proportion that ranges
from 30% to 45%.
2. Recreation
The wonderful scenery of the natural forest together with the richness of plant and wildlife
species coupled with endemic bird species make Chilmo forest as an ideal place for recreation.
That is the reason why almost all respondents for household survey need to visit the forest during
their spare time. On the other hand PDM exercise participants gave 30% for recreational value
for all forest cooperatives. From this result we conclude data collected using different
methodology varied based on different perception of people and sample size.
3. Research and education
Chilmo forest has been the main research site for research center and universities. Rich diversity
and being one of ruminant natural forest in the country attracts the interest of foresters, ecologist,
and biologist and so on. Moreover, Chilmo forest plays a significant role for educational purpose.
Number of students from nearby school and universities visited the forest. Similarly based on the
PDM exercises the participant gave 30-40% for research and educational value for four forest
cooperatives.
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6: Dependency of local communities on Ecosystem services
6.1 Sources of household income
Agriculture is the main occupation in the study area and it is the main source of livelihood for
most of the sample households and for the local people in general. Agriculture includes both crop
and animal production. Each family member is involved in farming practice starting from land
preparation until harvesting and storage. The type of land farmers posses differ one from the
other depend on number of years stayed in the area, wealth status, family size and availability of
sufficient land in the area. However the average size of agricultural land, homestead, woodlots,
grazing in ha is 1.0, 0.28, 0.16 and 0.48 hectare respectively. Even though agriculture is the main
economic activities sample respondents earn money from diverse sources such as from,
homestead, wood lots, honey production, petty trade, and wage and from selling of timber and
non -timber forest products, dividend from forest and other forest related employment.
Table 6: Source of income for surveyed sample households

Income from the
forest
Fire wood
collection
Farm implement
Fencing wood
Construction
wood
Grass collection
Dividend
Forest honey
Tree seed
Forest related
employment
Total income

N
93

Average annual
income earned in
Ethiopia Birr
1 euro=23 birr
3219

Income from
none forest
activities
Crop

N
79

Average annual
income earned
in Ethiopia Birr
1 euro=23 birr
8195

86
76
42

309
833
1563

Livestock
Homestead
Petty trade

73
68
25

3704
1589
616

34
89
11
6
3

323
2872
147
54.00
100

Honey
Seedling
Other

25
6
1

228
100
100

9418

14532

According to the data the average annual income of the surveyed sample household is 25,000
Ethiopian Birr (ETB). The income is calculated based on their responses in the household survey
and it includes all the money they earn from the above activities. The income from the forest is
calculated by converting wood products collected freely from the forest into monetary terms. The
forest constitutes 36% sample household annual income. The second most important source of
income is crop production which constitutes 31% of annual income followed by livestock
production (14%). Annual income from homestead and woodlot is 6% and 8 respectively. The
remaining 20% of the sample household annual income is coming from petty trade, wage,
seedling and bee keeping.
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6.2 Income and participation rate from forest related activities
Chilmo forest on the average contributes 36% of the total annual income of the sample
household. Local communities are highly dependent on natural resources for a number of
reasons. They collect food such as wild fruit and herbs for household consumption and they
fulfill high demand of wood and non wood products from forest. In general the source of forest
income are mainly from fuel wood, Construction wood, dividend, fencing and from collection of
grass.
Surprisingly, 93% of the sample respondents participate in fuel wood collection both for
household consumption and market. Similarly fuel wood collection constitutes the highest
income compared to other activities because fuel wood is the sole source of energy in the study
area. They earn an average annual income of 3219 ETB from fuel wood. The second largest
income from forest resource is from dividends which are based on number of shares purchased
from cooperatives. But this benefit is not always in yearly bases unless the forest cooperative has
enough forest area which can be harvested every year. Based on this research Chilmo forest
cooperatives are highly beneficial because they sell wood every year and the amount of money
distributed for each member is better than other cooperatives. However according to the data the
average amount of money from dividend per year is around 2872 ETB. Members who have more
share would received more money. On the other hand members from Dano Sangota forest
cooperative collect low amount of money from dividend because the forest is highly degraded in
the previous time therefore they don’t have enough trees which reaches harvesting.
Moreover ,from our results considerable number of sample household also participate in
preparing farm implement (86%)and in collection of wood for fencing (76%).From our data
each household obtain 309 ETB&833 ETB respectively. The participation rate for wild fruit
collection is 77%, however its contribution for household income is unknown since wild fruits
have no market price in this specific study area. On the other hand, almost equal number of
household participates for activities such as collection of medicinal plants and grasses (35%) and
they earned 323 ETB from grass collection but since medicinal plants have no market price it is
not possible to include the value into monitory terms. Even though the participation rate is very
low for collection of construction wood they obtained remarkable amount of average annual
income of 1563.00 ETB which is better than the previous two activities. The contribution of
forest related employment is very low because most of the sample households work without
payment. Therefore, from this study we concluded that high participation in low return forest
activities such as fuel collection leads to high income but the participation rate for high return
forest activities is very low because it is not allowed for anybody to cut and use wood for
construction unless they have permission from forest cooperatives.
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Table 7: Participation rate and forest income per activity
Activities

Participation rate
In percent

Fire wood collection
Farm implement
Collection of wild fruit
Cutting of wood for fencing
Wood for construction
Use of Medicinal plant
Grass collection
Harvesting honey
Tree seed collection
Other forest related employment
Total income from forest

Average Annual income
earned In Ethiopia
Birr(ETB)
1 euro=23 birr
3219
309
0
833
1563
0
323
147
54.00
100
9418

93
86
77
76
42
35
34
11
6
3

The participation of local people in different forest related activity is determined by number of
male and female members, farm size, type of land, source of income, condition and distance from
forest to market. The probability of participating in forest related activity is very low if the local
people has larger farm size, alternative income (petty trade) and owns different type of land.
Household who has more female family member participate more in fuel wood collection than
farmers who has male family member. But it is not true for other activities. Therefore; the greater
the number of male household members, the higher would be the rate of household participated
in high return forest activities such as harvesting of construction wood and farm implement.
Table 8: Participation rate of family member per each activity
Activities
Fuel wood
Farm
implement
wild fruit
Fencing
construction
medicinal
plant
Grass
Honey
Tree seed
Other forest
related

Wife

Children

42
3

20
-

Husban
d
4
83

Wife&
Children
25
-

Husband &
children
0
-

Wife &
husband
2
-

Not
participated
7
14

Participati
on rate
93
86

2
6

74
3
-

3
72
40
29

-

1
-

-

23
24
58
65

77
76
42
35

-

3
-

30
11
6
3

-

1
-

-

66
88
96
97

34
11
6
3
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7. Role of stakeholders in management of Chilmo forest
7.1 Stakeholder analysis
Currently stakeholder analysis becomes popular in number of governmental and
nongovernmental organizations especially for natural resource management (Reed et al., 2009).
Stakeholder analysis is defined by many authors. According to Varvasovszky and Brugha (2000),
Stakeholder analysis define as “a tool or set of tools for generating knowledge about actorsindividuals and organizations – so as to understand their behavior, intentions, inter relations and
interests; and for assessing the influence and resources they bear on decision making or
implementation processes”. Understanding group or individual who can affect or is affected by
ecosystem services (Hein et al., 2006) is very significant for stakeholder involvement and
sustainable management of Chilmo forest. In addition stakeholder analysis is beneficial to
evaluate different perspectives of stakeholders involved in the area and also to understand the
level of dependence on specific services (Hein et al., 2006).
In this thesis, stakeholder analysis was done based on three steps. Firstly, we tried to identify key
stakeholders who are involved in conservation and management of Chilmo forest based on their
interest and influence regarding to Chilmo forest. Secondly, we prioritized and weighed them as
primary, secondary and tertiary using stakeholder influence matrix. Thirdly, we assessed relative
stakeholder management capacity and commitment regard to Chilmo forest ecosystem. Primary
data and secondary data collection methods will be employed to identify main stakeholders in the
area.
1. Identification of the main stakeholder
Stakeholders in the study area can be both the people with power to control the use of resources,
and those with no influence but whose livelihoods are affected by changing the use of resources.
Though this stakeholder analysis we identified stakeholders and an understanding of their role
and influence in the conservation and management of Chilmo forest. The identification of the
stakeholders was based on personal interview and secondary data.
Primary Stakeholder: Stakeholder included in this group is a stakeholder who significantly
dependent up on the services provided by Chilmo forest. Local communities found around the
forest are the primarily stakeholder in which their livelihood is highly depend on number of the
services provided by Chilmo forest.
Secondary Stakeholder: a Stakeholder included in this group is stakeholders who are not
primary dependent on Chilmo forest ecosystem services but still loss ecosystem services.
Downstream farmer’s is highly influenced by mismanagement of Chilmo watershed. However
they don’t have influence for decision making process.
Tertiary (external) stakeholder: a stakeholder whose action can affect sustainable conservation
and management of Chilmo forest but do not loss or gain ecosystem services. The stakeholder
included in this section includes local, regional and national government, Oromia forest and
wildlife enterprise, tourists, scientists, Nongovernmental organization.
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2. Description of the main stakeholder
1. Local communities
Local communities are one of the stakeholders who depend on the forest ecosystem for their
livelihoods through different activities such as harvesting of non-timber forest products such as
wild fruit, honey and firewood. In addition the forest is the source of wood products for
construction, charcoal making, farm implement, fencing etc. Furthermore the forest is a source of
income for a household for example from firewood and sharing of dividends. The forest
watershed is a place where number of small streams and rivers originates which is a water source
for drinking and irrigation purpose. Therefore, they have interest in protecting the forest for
access and utilization of different ecosystem services. Since the locals have very in-depth
knowledge of their environment, a higher level of local participation is crucial for more effective
forest protection. It is important to recognize that people's interests in a particular forest area
often include other aspects than just economic values. Forests have educational/ecotourism
recreational or aesthetic values. Depending on how they feel towards conservation activities,
different stakeholders may want to participate in different ways (Isager&Theilade,
2001).Interestingly when we asked about the future preferences of the local people of the study
area 100 % of the survey household respondents need to see Chilmo forest as managed forest.
The local community makes up an important group of stakeholders because of their high interest
in the conservation and management of Chilmo forest. However, the group is considered to have
low influence in the actual decision making process.
2. Local government
The local government ( Woreda administration offices, Woreda agriculture and Natural resource
offices, Woreda land use and planning unit) plays a major role in the natural resource
management through promoting sustainability of community conservation programs and building
local support for enforcement of rules and regulation. Their main interest is to encourage and
facilitate different conservation programs, together with raising awareness on the importance of
conserving forest. Thus, the local government has higher interest in multifunctional use of the
forest. However; they have medium influence because they have medium decision-making power
on the conservation and management of Chilmo forest.
3. Regional government
Regional government such as Bureau of agricultural and rural development ,Bureau of water,
irrigation and energy and Bureau of environmental protection are stakeholders who are not
directly depend on the ecosystem services delivered by Chilmo forest but they have a mandate to
impose access of restriction on the natural forest. However they have high decision power.
4. Oromia forest and wildlife enterprise
Oromia forest and wildlife enterprise has a mandate to administer and sustainably manage
Chilmo forests .So the enterprise has high interest in the conservation and management of Chilmo
forest .They give technical support for the forest cooperatives during inventory, promotion,
market. In addition they receive 30 % of the money from the forest cooperatives coming from
selling of wood. However they use the money for capacity building, technical support and for
development of infrastructure for the local communities .Similarly they have high decision
making power compared to others.
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5. National government
The National government (Ministry of environment and forestry (MEF), Ethiopian Biodiversity
Institute (EBI), Ethiopian wildlife conservation authority (EWCA), Ministry of Agriculture (MA)
have a mandate for conservation and management of Chilmo forest. Therefore, the national
government has high interest in conservation of the Chilmo forest ecosystem. Moreover, they
have high influence because they have decision-making power.
6. Tourist
Tourists have high interest in the conservation and management of Chilmo forest .But because of
low awareness creation, absence of sufficient facilities such as hotel around the forest, the
number of tourists are very low in number. Though tourists do not have high influence when it
comes to the decision-making process, they would value the sustainable conservation and
management of the forest which creates an increased tourism market.
7. Nongovernmental organization (Farm Africa)
NGOs are mostly involved in sustainable management of natural resources. Since 1996 Farm
Africa implemented number of activities to improve the livelihood of the local people. They
established nursery site near to the natural forest and raise number of seedlings for small scale
plantation to satisfy high demand of wood and at the same time to minimize the pressure on the
natural forest. In addition they create forest related job opportunities for local people. Therefore,
they have high interest in the conservation and management of the forest .but they have very low
influence when it comes to decisions about the forest itself.

Figure 18: Tree nursery established by farm Africa
8. Scientists from research organization/universities
Scientists are stakeholders because they are involved in research projects to pursue scientific
knowledge and increase public knowledge about the forest by providing their research findings to
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the users and decision makers. Scientists initiating research projects for example, Agroforestry
for livelihood improvement and Natural resource management helps to reduce the pressure on
natural forest by creating alternative income for local people through promotion of market
oriented fruit tree species like apple. In addition, scientists upgrade the knowledge of local
communities by creating awareness, training and education.

Figure 17: Research site for apple seedling production
5. wood industry
The use of ecosystem services is not determined for this external stakeholder. But the wood
industry has strong negative impact for conservation and management of Chilmo forest because
their mandate is profit making from wood processing and manufacturing of furniture. In addition
they have no decision making power regarding to the forest.
3. Analysis of Stakeholder Management Capacity
When we analysis management capacity of all stakeholder stated above they have different
management capacity based on its mandate and responsibilities regarding to Chilmo forest. Local
communities are the first and foremost responsible stakeholder for management of Chilmo forest
due to their proximity to the natural resources and livelihood dependence. But they may not have
power to protect others. Forest cooperatives together with Oromia forest and wildlife enterprise
play a leading role for overall management of the forest. However stakeholders from national to
local level have strong commitment and mandate to impose access of restriction on the Chilmo
forest.

7.2 Stakeholder’s Influence matrix.
The stakeholder influence matrix (Figure 20) was created based on the previous analysis. The
local community has high interest in the management of the forest ecosystem because they solely
depend on the forest for their livelihood and they are highly vulnerable when the ecosystem is
damaged. However, they have low influence in the decision making process.
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National government and Oromia forest and wildlife enterprise has high influence regarding
conservation because they have the greatest power in decision-making and they have high interest
because of the revenue they collect from selling of wood from the forest and other conservation
programs. Altogether, local communities, tourists, NGOs, Scientists have high interest, but very
low influence in the situation at hand. Wood industry has low interest and influence
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Figure 18: Stakeholder influence Matrix
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8. Incentives perceived by local people for sustainable management of Chilmo
forest.
The Millennium Ecosystem Assessment found that about 60% of world’s ecosystem are degraded
in alarming rate (MA, 2005).To overcome this problem a lot of efforts has been done by
government and nongovernmental organization. One of the strategies is implementing market
based approaches such as financial incentives, payment for ecosystem services for local
community who are highly dependent on natural resources (Deal et al., 2012).
Forests play a critical role in watershed management especially for downstream farmers who are
dependent on forests for agricultural production. Farm Africa Ethiopia initiates payment for
ecosystem services to safeguard forest watershed in highlands of Ethiopia (Lemenih et al, 2015).
Therefore to maintain the forest cover and to improve the livelihood of both highland and
lowland community establishing different policy role such as incentives is crucial.
Providing incentives to halt deforestation is an important part of the global climate change
agreement (Lemenih et al., 2015).Currently emergence of market based incentives through
reducing emission from deforestation and degradation (REDD+) create an opportunity to
minimize deforestation so as to improve forest resource and at the same time ensuring the local
people who rely on the services to clearly understand the value of forest and the cost of missing
them (Collins and Larry 2008). Similarly, since 2011 Ethiopia governments also starting REDD+
Scheme. The scheme is a promising measure to halt deforestation and associated land use change.
In addition to its contribution to safeguarding the existing forest it enhances forest development
through number of financing strategies ( Bekele et al., 2015).
Implementing Payment scheme is not only to protect the natural resources but also it has a lot of
advantage for local community. They would improve farm productivity because local people
mayget an opportunity to buy agricultural inputs from the financial scheme. Moreover, REDD+
scheme in addition to financing they distribute efficient cook stove for local inhabitant in order to
minimize the demand of fuel wood that ultimately minimize the pressure on forests. Furthermore,
policy roles like credit help the local community to create alternative income that help them to
involve in different environmental friendly activity such as fatting, bee keeping and so on. In
addition to fulfill the demand of food, feed and fuel and to decrease the pressure on natural forest
the scheme promotes agroforestry and wood lot production. Chilmo forest is one of candidate to
implement REDD+ scheme and now they are under preparation stage.
Providing Incentives to reduce deforestation is not a new approach in Chilmo forest cooperatives.
Participatory forest management which were implemented by farm Africa were encourages local
communities in order to sustainably manage natural forest through setting up forest friendly
activities and giving local people an economic incentive such as establishment of tree nursery,
bee keeping, credit facilities and use of non timber forest products ((Lemenih et al., 2015).But the
type of incentives which has positive impact was not known. That is why this thesis is highly
interested to investigate which incentives are highly preferred by local communities in order to
use assessed ecosystem services in sustainable basis.
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Perecentage

Therefore, according to the perception of surveyed sample household almost half of the
respondents (44%) preferred incentives such as credit, alternative income and money for petty
trade to decrease the pressure on natural forest and at the same time to establish alternative source
of livelihood. On the other hand 20% of the respondents only prefer alternative income because
they afraid of paying the money back. Similarly based on the perception of the local community
12% of the surveyed sample household preferred alternative income (for fatting, bee keeping)
and money for petty trade which is crucial not only to minimize their dependence on the natural
forest but also it has tremendous contribution for sustainable management and conservation of
forests and associated ecosystem services.
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Figure 19: Type of incentives preferred by household survey participants.
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9. Discussion
9.1 Discussion of methodological and data-collection problems
The primary data were mainly collected from field observations, household surveys, PDM and
key- informant interviews. The primary data collection methods collected information from male
or female household heads, who are the member of forest cooperative.
Inability to incorporate all forest cooperatives
Even though the study area is owned by eight forest cooperatives due to lack of time and
inaccessibility of some of the forest cooperatives, I was obliged to select four forest cooperatives
based on a) the position in the watershed (lower to upper catchment), b) condition of forest
(managed to the disturbed forest), c) accessibility for field work and d) dependence of local
people. The selected four forest cooperatives represented well so all forest cooperatives should
probably included.
Limited knowledge of participants
The household survey required much time and little difficult for illiterate persons. However since
we did face to face interviews we helped them by clarifying in the way they understood easily
otherwise the participant were very cooperative. Similarly the PDM exercises in the beginning
seemed difficult for the participants but after the facilitator demonstrated the steps of the PDM
exercises using the local language it became a very easy and attractive game. “Like Sheil et al.,
2002 we also experienced that PDM exercises were easy to capture participant’s opinions and it
also create an opportunity for them to freely discuss and share experiences about the issue at
hand. Thus, I collected the necessary data basically according to the planed schedule.
Time shortage to use all proposed methodology
Although I proposed to organize focus group discussions as one of the methodologies in my
proposal for primary data collection, this was not possible due to shortage of time. However the
data collected using other methods was sufficient to acquire reliable information. Moreover to
minimize uncertainty and overlooking information, we used face to face interviews for the
household survey instead of handing out written questionnaires. All the participants involved in
each method were very cooperative and willing to participate in the research.
Practical problems
I had a problem of getting enough information about area coverage of few landscape-type found
in the study. I tried my best and I got only the area coverage of three landscapes from five.
However this does not have any implication on my results because my interest was mainly
focused on tangible service provided by each landscape to allow me comparing with forest
landscape.
9.2 Implications of problems for the results
Implications of data collection problems for Ecosystem services inventory
My thesis assessed the ecosystem services offered by the forest using a combination of different
methodologies (see above). The problem encountered in missing one data collection method
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(Focus group discussion) doesn’t have implication on assessment of ecosystem service. During
proposal writing I was ambiguous and I did not consider the time span and I was proposed
number of methodologies to collect more reliable information. Otherwise data collected with
other methodologies were enough to meet the objectives. In practical it was not possible to
include all forest cooperatives not only because of time shortage but also inaccessibility of the
area.
Concerning the educational status of the participant, almost half of the sample respondents
(46%) does not have formal education (i.e. illiterate). However being illiterate does not affect the
result but it takes more time to collect data because to give more clarification we did face to face
interview for 100 households heads. Otherwise the household survey was the best methodology
to answer most of the research questions even some uncertainty results exist.
Reliability of perception and preference analysis
PDM exercises were used in order to analyze the perception and preference of local people
toward ecosystem services. PDM exercises were undertaken in five landscape units and ten
provisioning and three cultural services. As I clearly seen from the data the overall importance of
landscapes related to provisioning services, except food forest land received the highest PDM
scores compared to other landscape. Cultural services (aesthetic, recreational and ecotourism,
research and education) in relation to forest landscape unit showed difference between forest
cooperatives which are mainly related to the condition of the forest, accessibility and distance to
the nearby city and research organization.
Differences in results between methods
Interestingly when I compared the results of provisioning service obtained from household
survey and PDM exercises only water received the same score. Otherwise, there was a variation
of results for the same ecosystem services assessed by two methodologies. For example 100% of
household survey respondents collect fuel wood from the forest. However the results of PDM
revealed that only 59% of the respondents depend on forest for fuel wood collection. Similarly
charcoal received 84% from PDM exercises but the results became more than double in
household survey (34%).
Degree of dependence related to forest ecosystem services
Local people are highly dependent on forest ecosystem services and it is a means of livelihood
for the majority of the local people. Understanding the degree of dependence is crucial to
convince local people about multi advantage of forests and to find alternative means of living that
decreases the pressure on natural forest and associated ecosystem services. Household survey was
mainly used to know the level of dependence on forest ecosystem services. Even though
agriculture is the main occupation in the study area local community involved and earn money
from number of activities mainly from homestead, wood lots, honey production, petty trade, and
wage and from selling of timber and non timber forest products, dividend from forest and other
forest related employment. The average annual income from all these activities is 26,520
(Ethiopian Birr). Forest constitutes 36 % of sample household annual income followed by crop
production (31%) and livestock (14%).
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Influence of household composition on the results
Local people are participated in different forest related activities. But the rate of participation is
not the same between households since it is determined by number of male and female members,
farm size, and type of land, source of income, condition and distance from forest to market. For
instance a household who has more number of female members participate more on fuel wood
collection because mostly women are highly involved in firewood collection. Similarly when the
distance between farmer houses to market is small, the member of the household have high
probability in participating in fuel wood collection mainly for market. On the contrary household
who has different type of land, big farm size, other source of income participate less in forest
related activities.
Implication of incentives for sustainable management of forest
To overcome deforestation and to decrease the pressure on natural resources governmental and
nongovernmental organization has been started number of incentives mechanism such as
financial incentives, payment for ecosystem services, credit and so on. The study revealed that
local communities are highly dependent on ecosystem services. An incentive such as credit,
money for petty trade and creating alternative income are highly preferred by household
respondents as alternative means of livelihood and to maintain forest ecosystems for their
important function and services.
9.3 Comparison with literature / other studies
When I compare the results of this thesis with other studies, I identify similar results. For
example concerning the source of income, this thesis identified that local people earn money
from various sources such as homestead, wood lots, honey production, petty trade, and wage and
from selling of timber and non timber forest products, dividend from forest and other forest
related employment. This finding is also supported by previous study reported by Engida and
Teshoma, ( 2012 ). Likewise this study confirmed that the average annual income from Chilmo
forest constitutes the highest percentage followed by crop production and livestock production.
Almost similar finding are also reported by Tagesse and Wossen, ( 2015).
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10. Conclusions
1) Ecosystem services provided by Chilmo forest
The main objective of this thesis was to assess ecosystem services provided by Chimo forest.
Similar to other forest ecosystem, Chilmo forest provides a wide variety of provisioning services.
First and foremost, the forest ecosystem provides the local communities with food (wild fruit
&herbs). Local people mainly children’s harvest wild fruits from the forest. The streams and
rivers of the Chilmo forest ecosystem provide the local communities with fresh water for
household consumption, livestock and irrigation. According to the data the sole source of water
for local people is the forest ecosystem. Furthermore, millions of people outside the study area
also depend on this forest watershed for water. The forest also has an abundance of natural timber
resources which have been the main source of timber for the surrounding regions and Oromia
regional state as a whole.
Regulating services provided by Chilmo forest ecosystem are enormous. Chilmo forest provides a
range of regulating services, one of which is protection from hazards: to prevent flooding,
droughts and forest fires. The forests also regulate water and maintain and protect water drainage
of the basins. Furthermore, trees also sequester carbon, decreasing the amount of greenhouse
gases in the air. Other regulating services provided by the forest includes: pollination, water
regulation, erosion control, and climate regulation.
Chilmo forest because of its colorful and artistic landscape has been appreciated by local people.
Staying in and around the forest is extremely important for local communities. That is why 83%
of household survey participants preferred natural forest for recreational purpose. In addition
cultural services are an effective way to convince the local communities to conserve the authentic
natural areas. The local communities walk and getting rest (recreational value) and educate their
children by transferring their knowledge and showing them the forest and organisms living in it.
In addition, Chilmo forests are the home of wild animals, birds and plant species. Safeguarding
of plant and animal habitat in the forest ecosystem is crucial and pre condition to sustain
provision of all ecosystem goods and services.
2) Perception and preference of local community for ecosystem services
The PDM exercise provides significant information on different type of ecosystem services.
Interestingly except food, the main sources of other provisioning services are provided by forest
ecosystem. Surprisingly water from the forest received 100 score and it is the sole source of water
in the study area. Therefore, from this I can conclude that forest ecosystem services are the vital
source water, raw material, medicine tree seed and honey.
3) Importance of forest ecosystem services
Forest ecosystem services provide both tangible and intangible benefits for local communities
and for the country as a whole. Local people are involved in number of activity in the research
area but regarding income and source of livelihood forest constitutes more than a third (36%) of
annual average income of the surveyed household followed by crop production and livestock(
31% and 14%) respectively. In fact the contribution of Chilmo forest as a means of livelihood is
not very well known and appreciated by local people found in the study area. Because the forest
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is a common pool resource for members of forest cooperatives and anyone have free access to
take and use forest resources that is why they underestimate the value of it compared to other
stakeholders who got forest products from the market. That is why there is a need to explain
services and degree of dependence of local communities in order to have better information that
convinces them.
Moreover, some tangible benefits for example wild fruit, medicinal plant and many of other
intangible services such as carbon sequestration potential of Chilmo forest, the contribution of
pollinators for agricultural production and so on are not included in my thesis which actually
underestimates the value of forest as a whole. So understanding the tangible and intangible value
of natural resources would contribute more toward better conservation and management of the
natural resources. Therefore to include the values of all the services provided by Chilmo forest
there is a need to have further study.
According to the key informant interview land use change because of population pressure
declined the services provided by Chilmo forest. Population growth increases demand of
agricultural crops that leads to expansion of agricultural land or conversion of forest land in to
agricultural area. Therefore, to safeguard deterioration of natural resources and to enhance the
livelihood of the community different measures should be implemented such as agricultural
sustainable intensification, family planning, payment for ecosystem services, forest friendly
activities and so on.
4) Stakeholders and their impact on ecosystem services.
Nine main stakeholders were identified, prioritized and assessed based on their interest and
influence toward ecosystem services provided by Chilmo forest. Most of these stakeholders are
local who directly and indirectly benefit from forest ecosystem services. Based on the stakeholder
influence matrix from identified stakeholders local communities, NGOs, scientists and tourists
have high interest in the use of ecosystem services. Local communities are strongly dependent
stakeholder who is mainly depending on forest ecosystem services for their livelihood. However
all these stakeholder don’t have any influence to sustain ecosystem services for the long run. On
the other hand stakeholder such as local, regional and national government together with Oromia
forest and wildlife enterprise have a positive impact and decision making power toward
sustainable provision of ecosystem services. Stakeholders like wood industry has no any
influence and interest regarding to sustainable management of Chilmo forest even if the raw
material to their industry is coming from the forest.
Even though many stakeholder have a stake for sustainable management and conservation of
Chilmo forest. They do not actually have full responsibilities and mainstreaming between them is
lucking which is more important to reduce redundancy of efforts and money. Sustainable
conservation and management can be secured with full participation and responsibilities of all
interested stakeholder.
5) Incentives toward sustainable management of Chilmo forest.
From this thesis I clearly understood that the livelihoods of the local communities in the study
area are highly dependent on forest ecosystem services. However to sustain the provision of all
the services different type of incentives mechanism has to be in place. Incentives support local
people in order to minimize their dependence on the forest and it may help them to improve
productivity of land through agricultural intensification. For instance, incentives may promote
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farmers to buy agricultural inputs. Furthermore, incentives also initiate farmers to involve in
forest friendly activities such as beekeeping, fattening and so on.
Credit, money for petty trade and alternative income were preferred by household survey
respondents. Financial incentives have great contribution for improving the livelihood of the local
people and at the same time it decreases the pressure on forest ecosystem services. That is why
this thesis investigated which incentives are highly preferred by local communities in order to use
ecosystem services in sustainable way. However attention has to be given in the selection of
beneficiaries. Incentives should focus on poor person who has no agricultural land and highly
dependent on forest ecosystem services for example women and youth who are responsible and
has the potential to return back the money.
6) Achievement of the overall objective:
The data collected using different methodology was sufficient to answer all the research
questions. The ecosystem services provided by the Chilmo forest were assessed using different
methodologies. The findings disclosed that local communities are highly dependent on forests’
ecosystem services and incentives are crucial to stimulate and encourage them to participate in
forest friendly activities that lead to sustainable management of forests. The research results will
be used for awareness creation and that will have great implication to change the attitude of the
stakeholder toward sustainable conservation and management of the forest. Moreover,
publications of the major findings though international outlets are expected for scientific
contribution. Overall the research objectives are achieved and findings will have a great
contribution toward management of the Chilmo forest and will be uses as an input for further
valuation study.
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Appendix 3: Household Questionnaires
Demographic and socio economic information
1.Name of the
head of the
House hold

2

Gender F
M

4.Number of families in the
household
Male
0-20
20-35
36-50
51-60.
Above 65
Female

3.Age of the
household

8.Type of land you have

Agricultural land
Backyard
Agrforestry
Wood lots
Grazing land
Fallow land
Forest Bache
Other specify

0-20
20-35
36-50
51-60.
Above 65

Size of land in
hectare(Ha)

5.No of years stay
around the Chilmo
forest

7. What is your wealth
status?
Rich
medium

6..Educational status
illiterate
Literate
Primary
school
Secondary school
College or
university

Poor

9. livestock You have
Number
of
livestock

Average
Price
/livestock

Cattle
Donkey
Sheep
Mule
Horse
Other specify
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10. How far is the distance between from your residential area to forest beach?
11. How far is the distance between residential area to nearby wood products market
. What are the main drivers of deforestation?
Direct driver of deforestation
 ________________________________
 ________________________________
 ________________________________
 ________________________________

Indirect driver of deforestation





__________________________________
_
__________________________________
_
__________________________________
_
__________________________________

13. Participation rate and annual income from forest and NTFP (None timber forest
product)
Activities

Participation /Who
is mostly involved
in each activities

Household
consumption

For market
/selling

Amount of annual income earned
in Ethiopia currency (Birr).

Firewood
collection
Tree seed
collection
Medicinal plant
Bush meat
Wild fruits
Cutting Grasses
Honey
collection
Forest related
employment
Timber
Farm implement
Wood for
fencing
Wood for house
construction
Dividend from
share during
harvesting of
trees from
plantation
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14. Source of annual household income
Source of income

Income in Eth. birr /year

Agriculture /Crop land
Livestock
Tree seedling production
Forest (selling of timber)
Agroforestry(Homestead)
Woodlots
NTFP( fuel wood, honey )
Wage labor
Petty trade
Other (specify )

15. Questions related to identifying Provisioning services based on local community
perception
No

1

Ecosystem services

Name of services

Provisioning services
Food

Consumption
or sale or
both
Et.birr/year

Landscape
Forest

Wild fruits specify
name

Bush meat specify
the name
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Herbs specify the
name

Other (specify )

2

Raw materials and energy

Construction wood
Charcoal
Fuel wood
Farm implements
Wild life skin
Fodder(Grass, Leaves)
Honey
Other specify..

3

No

4

Medicinal plant /animal

Local name ….

Ecosystem services

Name of services

Water source

Consumption
or sale or
both

Landscape
Forest

Household
consumption

Livestock
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Irrigation

Other (specify )

16. Questions related to identifying regulating services based on local community
perception
No

Ecosystem services

1

Regulating services

Name of services
Climate regulation
Water regulation
Erosion regulation
Pollination
Temprature regulation
Other specify

17. Questions related to identifying cultural services based on local community perception
No

Ecosystem services

1

Cultural services

Name of services
Spiritual
Aesthetic
Recreation /Eco
Tourism
Education/research
Other specify
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18. Questions related to identifying Habitat services based on local community perception
No

Ecosystem services

1

Habitat services

Name of services
Home of wild animals
Nursery
Other specify

19. Questions related to the type of incentives based on local community’s preference.
Forest land
Farm land

20.Where do
you go for
recreation
when you
have spare
time (rank )

Enjoy drinks
Religious place

Farm land

22.What kind of
landscape type do you
prefer most of the
area in the future

Other (specify)

Better living
environment

Grazing land
Woodlots
Common land

23.What do you
benefit more from the
forest (Rank)

Security

21.What do
you like most
from the
forest

Managed
forest

Cultural
value of the area
It creates
alterative income

Social network

Security

Presence of wild life

Social
network
Credit facilities

20.Which incentive
mechanism are important
based on your perception
for sustainable management
of forest

Payment for ecosystem
services
Material support
Market oriented fruit tree
seedlings
Alternative source of livelihood
Eg, bee farming
Money for petty trade
Others specify (fertilizer ,seed
…..
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Source of livelihood

It improves
the service that I
get

Source of wood and non
wood product

It attracts
ecotourism

Cultural benefit

No
benefit for me

61

Appendix 4: Data sheet used for recording the scores of the PDM

Different landscape units written in Official languages with illustrative diagram
PDM excises results of Chilmo Cooperatives in percentage. N= 8 and they use 100 pebble
(maize seed )
Provisioning
services
Food
Water
Animal
fodder
Farm
implement
Construction
wood
Fuel wood
Charcoal
Medicine
Tree seed
Honey

Homestead
/Backyard
30
0
10

Farm
land
60
0
15

Forest
land
10
100
35

Woodlot
0
0
0

Grazing
land
0
0
40

Total
(%)
100
100
100

10

0

60

30

0

100

5

10

50

25

0

100

10
10
30
15
15

5
0
10
0
20

50
65
40
55
35

30
25
10
30
25

5
0
5
0
5

100
100
100
100
100

NB: The red numbers showed the highest scores of the services
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PDM exercises of Mesalimya forest cooperative N=8, and they use 100 pebble (maize seed)
Provisioning
services
Food
Water
Animal
fodder
Farm
implement
Construction
wood
Fuel wood
Charcoal
Medicine
Tree seed
Honey

Homestead
/Backyard
25
0
10

Farm land Forest
land
55
20
0
100
20
30

Woodlot

Total

0
0
0

Grazing
land
0
0
40

10

0

60

30

0

100

10

0

40

50

0

100

20
0
40
20
30

0
0
0
0
10

50
90
40
50
40

30
10
20
30
20

0
0
0
0
10

100
100
100
100
100

100
100
100

NB: The red numbers showed the highest scores of the service

PDM exercise of Galessa forest cooperative N= 8 and they use 100 pebble (maize seed)
Provisioning
services
Food
Water
Animal
fodder
Farm
implement
Construction
wood
Fuel wood
Charcoal
Medicine
Tree seed
Honey

Homestead
/Backyard
40
0
0

Farm
land
50
0
10

Forest
land
10
100
60

Woodlot

Total

0
0
0

Grazing
land
0
0
30

0

0

95

5

0

100

0

0

80

20

0

100

5
0
10
0
20

0
0
0
0
0

75
90
80
80
50

20
10
10
20
10

0
0
0
0
20

100
100
100
100
100

100
100
100

NB: The red numbers showed the highest scores of the services
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PDM exercises for Dano Forest Cooperatives. N= 8 and they use 100 pebble (maize seed )
Provisioning
services
Food
Water
Animal
fodder
Farm
implement
Construction
wood
Fuel wood
Charcoal
Medicine
Tree seed
Honey

Homestead/
Backyard
30
0
0

Farm
land
55
0
15

Forest
land
15
100
60

Woodlot Grazing
land
0
0
0
0
0
25

Total

0

0

85

15

0

100

0

0

70

30

0

100

10
0
15
0
20

0
0
0
0
0

60
90
75
85
60

30
10
10
15
10

0
0
0
0
10

100
100
100
100
100

100
100
100

NB: The red numbers showed the highest scores of the services

Appendix 5: Medicinal plant identified in the study area
No
1
2
3
4
5
6
7
8
9
10
11
12
13

Local name
Damakase
Tikur inchet
Barodo
Digit’a
Yeabesha sede
Indod
Bisana
Agam
Grar
Koso
Cheleleka
Aremagusee
Adesa

14
Didiksa
Source: this thesis

Scientific Name
Ocimum Suave ,Lippia abyssinica
Prunus Africana (Pygeum africanum)
Salix Subserrrata
Carissa edulis ,Syzygium guineense
Juniperus procera
Phytolacca dodecandra
Croton macrostachys, Albizia anthelmintica
Carissa edulis
Acacia abyssinica
Hagenia abyssinica
Apodytes dimidiata
Ageratum Conyzoides
Dichrostachys glomerata ,Rhus
glutinosa,R.abyssinica
Gnidia Lamprantha
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Appendix 6:
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Endemic species found in Chilmo Forest.

Scientific name
Acanthus sennii
Conyza nana
Crotalaria rosenii
Impatiens rothii
Kalanchoe petitiana
Lippia adoensis
Maytenus addat
Mikaniopsis clematoides
Phragmenthera macrosolen
Polystachya rivae
Rhus glutinosa subsp. glutinosa
Rhus glutinosa subsp. neoglutinosa
13 Satureja paradoxa
14 Solanecio gigas
Thymus schimperi
Vernonia leopoldi
Vernonia rueppellii

Status
Not threatened
Endangered
Not threatened
Least concern
Least concern
Least concern
Not threatened
Least concern
Least concern
Vulnerable
Vulnerable
Least concern
Not threatened
Least concern
Least concern
Least concern
Least concern

Adapted from Soromessa and Kelbessa, 2014 ).

Appendix 7: List of species recorded from Chilmo forest
Scientific name
Acacia abyssinica Hochst.
Acacia lahai Steud.and Hochst.
Acanthus sennii Chiov.
Achyranthes aspera
Acmella caulirhiza Del.
Adiantum thalictroides Willd.
Agrocharis melanantha Hochst
Alchemilla abyssinica Fresen
Allophylus abyssinicus (Hochst.)
Anthospermum herbaceum L.f.
Apodytes dimidiata E. Mey.ex Arn.
Arisaema enneaphyllum Hochst.ex A.Rich
Arundinaria alpina K. Schum.
Asparagus africanus Lam.
Asplenium
Asplenium aethiopicum (Burm.f.)Bech.

Vegegetation type
Tree
Tree/shrubs
Shrub
Herb
Herb
Fern
Herb
Herb
Tree
Herb
Tree
Herb
Bamboo
Shrub
fern
Fern
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Asplenium monanthes L.
Asplenium protensum Schra
Asplenium theciferum (Kunth) Mett
Bersama abyssinica
Buddleja polystachya Fresen
Calpurnia aurea (Ait.) Benth
Carduusleptacanthus R.E. Fries
Carduus schimperi Sch. Bip.ex A. Rich
Carex confertus A.Rich
Carissa spinarum L.
Cassipourea malossana (Baker) Alston
Centella asiatica (L.) Urban
Cheilanthes farinosa (Forssk.)
Chenopodium ambrosioides L.
Clausena anisata (Willd.)Benth.
Clematis simensis Fresen.Fiitii
Clerodendrum myricoides Vatke
Shrub
Clutia abyssinica Jaub.and Spach
Commelina africana L.
Conyza bonariensis (L.)Cronq.
Conyza hochstetteri Sch.Bip.ex A.Rich.
Conyza hochstetteri Sch.Bip.ex A.Rich
Conyza nana Sch.Bip.ex Oliv. and Hiern
Conyza pedunculata (Oliv.) Willd
Conyza schimperi Sch.Bip.ex A. Rich.
Conyza stricta Willd
Crassula alsinoides (Hook.f.)Engl
Craterostigma pumilum Hochst
Crotalaria incana L.
Crotalaria quartiniana A.Rich.
Crotalaria rosenii (Pax) Milne-Redh.ex Polhill
Croton macrostachyus Del.
Cupressus lusitanica Miller
Cycnium humifusa (Forssk.) Engl
Cynodon dactylon (L.)Pers.
Cynoglossum amplifolium Hochst. ex A.Rich
CynoglossumgeometricumBak. and Wright
Cyperus bulbosus Vahl
Cyperus niveus Retz.

Fern
Fern
Fern
Shrub/tree
Shrub/tree
Shrub/tree
Herb
Herb
Herb

Herb
Herb
Shrub
Shrub/tree
Herb
Herb
Herb
Herb
Shrub
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Herb
Tree/shrubs
Tree
Tree
Herb
Grass
Herb
Herb
Herb
Herb
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Cyphostemma cyphopetalum
Desmodium repandum (Vahl) DC
Dichondra repens J.R. and G. Forest.
Dichrocephala integrifolia (L.f.) Kuntze
Discopodium penninervum Hochst.
Dombeya torrida (G.F.Gmel.) P. Bamps
Dovyalis abyssinica (A.Rich.) Warp
Dregea schimperi (Decne) Bullock
Drynaria volkensii Hieron
Dryopteris inaequalis (Schlecht.) Kuntze
Dyschoriste multicaulis (A.Rich.) O. Kuntze
Echinops macrochaetus Fresen
Ekebergia capensis Sparrm
Embelia schimperi Vatke
Epilobium hirsutum L.
Eragrostis schweinfurthii
Erica arborea L.
Eucalyptus globulus Labill.
Euphorbia platyphllos L.
Ficus sur Forssk.
Galiniera saxifraga (Hochst.)
Galinsoga parviflora Cav.
Galium spurium L.
Geranium arabicum Forssk.
Girardinia bullosa (Steudel) Wedd.
Gnidia glauca (Fresen.)Gilg.
Hagenia abyssinica (Bruce) G.F. Gmel.
Haplocarpha schimperi (Sch.Bip.)Beauv.
Harpachne schimperi Hochst. ex A.Rich.
Helichrysum forskaolii (G.F.Gmel.)
Heracleum abyssinicum (Boiss.) Norman
Hypericum peplidifolium A.Rich
Hypericum quartinianum A.Rich.
Hypericum revolutum Vahl
Hypoestes forskaolii (Vahl) R.Br.
Hypoestes triflora (Forssk.)Roem.and Schult.
Hypoxis villosa L.f.
Impatiens hochstetteri Warp
Impatiens rothii Hook.f.
Indigofera arrecta Hochst.ex A.Rich.

Climber
Herb
Herb
Herb
Shrub
Tree
Shrub
Climber
Fern
Fern
Ferb
Herb
Tree
Climber/tree
Herb
Grass
Tree/shrubs
Tree
Herb
Tree
Tree/shrubs
Herb
Herb
Herb
Herb
Shrub/tree
Tree
Herb
Grass
Herb
Herb
Herb
Shrub/tree
Tree/shrubs
Herb
Herb
Tree
Herb
Herb
Shrub
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Isoglossa somalensis Lindau
Herb
Jasminum abyssinicum Hochst. ex A.Rich.
Juniperus procera L.
Justicia schimperiana (Hochst. ex Nees) T. Anders.
Kalanchoe densiflora Rolfe
Kalanchoe petitiana A.Rich.
Lagenaria siceraria (Molina) Standl
Laggera crispata (Vahl) Hepper and Wood
Leucas argentea Gurke
Leucas punctata (Benth.)Briq.
Lippia adoensis Hochst. Ex Walp.
Lobelia giberroa Hemsl.Faaggaa
Herb
Loxogramme lanceolata (Swartz) Presl.
Maesa lanceolata Forssk.
Maytenus addat (Loes.) Sebsebe
Maytenus arbutifolia (A.Rich.) Wilczek
Maytenusgracilipes (Welw. ex Oliv.)
Mikaniopsis clematoides (A.Rich.)Milne-Redh.
Mimulopsis solmsii Schweinf.
Myrica salicifolia Hochst.ex A.Rich.
Myrsine africana L.
Myrsine melanophloeos (L.)R.Br.
Nuxia congesta R.Br. ex Fresen
Oenanthe palustris (Chiov.) Norman
Oldenlania monanthos (A.Rich.) Hiern
Olea capensis L. subsp. macrocarpa (C.A.Wright) Verdc
Olea europea L. subsp. cuspidata (Wall. ex G.Don) Cif.
Olea welwitschii (Knobl.)
Olinia rochetiana A.Juss
Oplismenushirtellus (L.) P. Beauv
Orobanche minor Smith
Osyris quadripartita
Oxalis corniculata L.
Oxalis procumbens Steud.ex A.Rich.
Pavetta abyssinica Fresen
Pavonia urens Cav
Pellaea quadripinnata (Forssk.)Prantl.
Pennisetum clandestinum Chiov

Herb
Climber
Tree
Shrub
Herb
Herb
Climber
Herb
Herb
Herb
Shrub
Herb
Fern
Tree/shurb
Tree/shrubs
Tree/shrubs
Tree
Climber
Herb
Tree
Tree/shrubs
Tree/shrubs
Tree/shrubs
Herb
Herb
Tree
Tree
Tree
Tree/shrubs
Grass
Herb
Tree/shrub
Herb
Herb
Shrubs
Shrub
Fern
Grass
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Pennisetum sphacelatum (Nees) Th.Dur.and Schinz
Pentas schimperiana (A.Rich.) Vatke
Peperomia abyssinica Miq.
Periploca linearifolia Quart.-Dillon and A.Rich
Persicaria nepalensis (Meisn) Miyabe
Persicaria setosula (A.Rich.) K.L. Wilson
Herb
Peucedanum mattirolii Chiov.
Peucedanum petitianum A.Rich
Phragmenthera macrosolen (A.Rich.) M. Gilbert
Phytolacca dodecandra L’HeritAndoodee
Pinus patula Schlecht.and Chamiso
Pittosporum viridiflorum Sims
Plantago lanceolata L.
Plantago palmata Hook.f
Plectranthus garckeanus Vatke
Plectranthus punctathus L’Herit
Pleopeltis macrocarpa (Willd.) Kaulf
Pleopeltis phlemodes (Mett.)Pici-Serm.
Podocarpus falcatus (Thunb.)Mirb.
Polygala sphenoptera Fresen
Polystachya rivae Schweinf
Prunus africana (Hook.f.) Kalkm
Pseudognaphalium luteo-album (L.) Hilliard and Burtt
Pseudognaphaliumrichardianum (Cuf.) Hilliard and Burtt
Pteris cretica L.
Pteris dentata Forssk
Pterolobium stellatum (Forssk.)
Ranunculus multifidus Forssk.
Rhamnus staddo A.Rich
Rhus glutinosa A.Rich. subsp. neoglutinosa (M.Gilbert )
Rhus glutinosa A.Rich.subsp.glutinosa
Rhus vulgaris Meikle
Rorippa nasturtium-aquaticum (L.) Hayek
Rosa abyssinica Lindley
Rubus steudneri Schweinf.
Rumex abyssinicus Jacq.
Rumex nepalensis Spreng
Rumex nervosus Vah
Salix mucronata Thunb.

Grass
Shrub/grass
Herb
Climber
Herb
Herb
Herb
Herb
Herb
Shrub
Tree
Tree/shrub
Herb
Herb
Herb
Herb
Fern
Fern
Tree
Herb
Herb
Tree
Herb
Herb
Fern
Fern
Climber
Herb
Tree/shrubs
Shrub
Shrub
Herb
Tree/shrubs
Shrub
Herb
Herb
Shrub
Tree
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Salvia nilotica Juss.ex Jacq
Sanicula elata Buch.-Ham.ex D. Don
Satureja abyssinica (Benth.) Briq
Satureja paradoxa (Vatke) Engl.Baadu Furdis
Scadoxus multiflorus (Martyn) Raf.
Schefflera abyssinica (Hochst. ex A.Rich.) Harms
Schefflera volkensii (Engl.) Harms
Schoenoxiphium sparteum (Whal.) Kuk
Schrebera alata (Hochst.) Welw
Scolopia theifolia GilgGaallee
Selaginella abyssinica Spreng.
Sida schimperiana A.Rich
Sideroxylon oxyacanthum BaillBiitee
Smilax aspera L.
Solanecio gigas (Vatke) C.J
Solanecio mannii (Hook.f.) C. Jeffrey
Solanecio tuberosus (Sch.Bip.) C. Jeffrey
Solanum anguivi Lam.
Solanum incanum L
Solanum marginatum L.f.
Solanum nigrum L.
Sphaeranthus sauveolens (Forssk.) DC.
Stellaria sennii Chiov
StephaniaabyssinicaDillin and A.Rich.) Warp.
Tagetes minuta L
Teclea nobilis Del.Hadheessa
Thalictrum rhynchocarpum Dill.and A.Rich
Thymus schimperi Ronn
Torilis arevensis (Hudson) Link
Trifolium semiplosum Fresen
Uebelinia abyssinica Hochst
Urera hypselodendron (A.Rich.)Wedd.
Urtica simensis Steudel
Vernonia amygdalina Del.
Vernonia leopoldi (Sch.Bip.) Vatke
Vernonia rueppellii Sch.Bip.ex Walp.
Vernonia urticifolia A. Rich
Veronica abyssinica Fresen

Herb
Herb
Herb
Herb
Herb
Tree
Tree
Herb
Tree/shrub
Tree
Fern
Herb
Shrub
Climber
Tree/shrub
Tree
Herb
Herb
Shrub
Shrub
Herb
Herb
Herb
Herb
Herb
Tree/shrub
Herb
Herb
Herb
Herb
Herb
Climber
Herb
Tree
Shrub
Shrub
Herb
Herb

Adapted from Soromessa and Kelbessa, 2014 ).
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Appendix 8: Major tree species used as a seed source in the study area.

Tree species
No
1

Podocarpus falcatus

2

Prunus Africana

3

Allophylus abyssinicus

4

Erythrina brucei

5

Hagenia abyssinica

6

Dombeya torrid

7

Juniperus procera

8

Apodytes dimidiate

9

Ekebergia capensis

10

Olea capensis

Source: This thesis

71

Appendix 9: Picture showing different direction of Chilmo Forest

Source of Photo: This thesis
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Appendix 10: Picture showing exercises of pebble distribution method

Source of picture: This thesis
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