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ABSTRACT 

Landscape Approach, Non-Carbon Benefits and Institutional Arrangement for Effective 
REDD+ Implementation 

Sisay Nune Hailemariam 

Addis Ababa University, 2018 

Landscape approach (LA) and Reducing Emissions from Deforestation and Forest Degradation 
(REDD+) are relevant to achieve Sustainable Development Goal (SDG) #13 & # 15, and limit 
global temperature below 2 °C. Institutional arrangements (IAs) and addressing forest Non-Carbon 
Benefits (NCBs) can determine success in implementation of LA and REDD+. Additionally, 
taking the emerging concept of Green Infrastructure (GI) into planning and implementation of 
urban and rural development agendas can contribute to address adverse impacts of climate change. 
Currently, sectoral planning and implementation dominate in Ethiopia, contributing to only the 
economic sector while undermining environmental and social benefits. The objectives of the study 
were (i) to analyze land use and land cover change (LULCC) between 1985 and 2015 in BMER, 
(ii) assess and document NCBs; (iii) assess GI in BMER urban centers in brief; and (iv) assess IAs 
to better inform decision makers to avail conducive policy for effective LA. Bale Mountains, 
Southwest and Siemen Eco-Regions from southeastern, southwestern and northern Ethiopia, 
respectively, were included in the study. Landsat images of 1985, 1995, 2005 and 2015 were 
acquired for the LULCC study employing remote sensing and GIS. For the same periods, socio-
economic data were gathered from Central Statistics Agency. Additionally, focus group 
discussions and household surveys were conducted. Results showed that farmland and urban 
settlement expansion were major drivers of LULCC. Forests lost 123,751 ha (15.8%) while 
farmland gained 292,294 ha (approx. 33%). About 10 forest products and services were mentioned 
by the respondents as important NCBs. The contribution of NCBs to the household economy 
ranged from 10 to 51%. It is argued that landscape approach, NCBs and GI are important tools or 
strategies to achieve various goals, such as SDGs and REDD+. IAs play pivotal role even though 
the results showed presence of huge gaps in capacity.  REDD+ can be achieved provided that: (a) 
proper and regular monitoring of LULCC is made to address drivers outside the forest sector; (b) 
forest governance system responds to the interest of the actors in a landscape and the role of NCBs 
is properly accounted for and valued; (c) capable and dedicated IAs are put in place. The need for 
developing a system to account for non-carbon benefits and environmental services as well as 
indicators for landscape approach is recommended. 

Key words: Landscape approach, REDD+, Non-carbon Benefits, Green Infrastructure, 
Institutional arrangements, land use and land cover dynamics 
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CHAPTER 1. INTRODUCTION 

1.1. Background 

The seventeen Sustainable Development Goals (SDGs) address global agendas ranging from 

eradicating poverty in all its forms and dimensions, including extreme poverty (SDG #1), Zero 

hunger (SDG #2), life on land (SDG #15), to peace, justice and strong institutions (SDG #16), and 

partnership for the goals (SDG #17) (Figure 1) (Sustainable Development Knowledge Platform, 

2015). In the African context, eradicating poverty and hunger will require wise use of its natural 

capital, particularly forests, in a sustainable manner (SDG #14 and 15), stability of the continent 

through peace, justice and strong institutions (SDG #16), and make use of its labour force (youth 

labour), availing sustainable finance, and make use of technologies suitable for its land and people, 

amongst others.  

 

Figure 1. Sustainable Development Goals (source:  Sustainable Development Knowledge Platform, 2015) 
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Globally, food production is expected to increase in 2050 by 70% (FAO, 2009) to feed 

approximately nine billion people, which may pose challenge for the implementation of REDD+. 

On the other hand, economic growth of Sub-Saharan Africa (SSA) is driven mainly by agriculture 

(FAO, 2016) and agriculture related businesses. As a result, agriculture expansion forced and may 

continue to force land use and land cover change significantly to the extent of undermining forest 

ecosystem services and goods.  

Worldwide, significant forest areas have been converted into other land uses, mainly to crop lands. 

Within the last 25 years, 3.1% of global forest has been lost (FAO, 2016). During the same period, 

a net gain in agricultural land of 6 million ha year-1 has been registered. Despite the fact that some 

progresses exist worldwide towards halting forest and other vegetation loss, the proportion of land 

area covered by forest decreased from 31.6% in 1990 to 30.8% in 2010 and 30.6% in 2015 (UN, 

2017). The report further indicated that within 15 years (from 1998 to 2013), about 20% of the 

Earth’s land surface covered by vegetation showed persistent and declining trends in productivity, 

South America and Africa being the most affected continents. 

Land and soil degradation may undermine the security and development of countries such as 

Ethiopia whose economy is dependent of agriculture. An economy, which is based on the 

continuously increasing depletion of natural resources is not sustainable (FAO, 2012). The same 

source reported that 75 million hectares of forest land (10 percent of the total forest area) was 

converted to other uses between 1990 and 2010. Degradation is another major challenge (65% of 

land is degraded), which costs 3% of GDP because of soil and nutrient depletion, and about 60% 

of ecosystem services and goods are also degraded (Minang, et al., 2015).  Billions of people who 

are dependent on the ecosystem services are affected because of the degradation (FAO, 2001). 

The seventeen SDGs are “integrated and indivisible” (FAO, 2016). Progress towards sustainable 

agriculture, food security and sustainable forest management, core elements of the SDGs, should 

be made simultaneously.  Sustainable management of forests is crucial for sustainable agriculture 
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and food security in addition to the role it plays in carbon sequestration (FAO, 2016). Forests 

stabilize soils and climate, regulate water flows, give shade and shelter, and provide habitats for 

pollinators and the natural predators of agricultural pests. When integrated carefully into 

agricultural landscapes, forests and trees can, therefore, increase agricultural productivity. 

Thereore, forests have key roles to play in achieving SDGs, such as those addressing poverty 

eradication, zero hunger, protecting and restoring water-related ecosystems, access to sustainable 

energy, and combating climate change. 

SDG #15 addresses protecting, restoring and promoting sustainable use of terrestrial ecosystems, 

sustainably managing forests, combating desertification, and halting and reversing land 

degradation and biodiversity loss (Sustainable Development Knowledge Platform, 2015). This 

goal emphasizes the need for reversing land degradation and loss of biodiversity to achieve 

significant portion of the SDGs particularly in the African context.  

On the other hand, UN (2017) cautioned that biodiversity loss is still a concern, which needs 

concerted efforts globally. The loss is exacerbated by the effect of climate change, in addition to 

wildlife poaching and trafficking. In 2013, elephant ivory, rose wood and rhinoceros horn 

comprised over 60% of the total wildlife and timber product seizures (UN, 2017). The most 

contributing factor for the loss of biodiversity, in the African context, could be attributed to weak 

institutional arrangements and perverse policy environment or absence of conducive policy as well 

as lack of capacity to implement policy including community bylaws.  

In 2016, planetary warming recorded the highest, 1.1 °C above the preindustrial period (UN, 2017). 

The impact was already felt in many countries. Drought conditions predominated across many 

places worldwide, which were subsequently aggravated by El Nino, which has put millions of lives 

under threat particularly in Sudan, Somalia, Ethiopia, Zimbabwe, Malawi and Lesotho, to mention 

a few. According to WFP (WFP, 2016), El Nino may fuel global food security crises. In 2016, 

more than 60 million people were affected globally (WEP, 2016). According to the same source 
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Ethiopia suffered significantly, and more than 10.2 million people were in need of emergency food 

assistance. Prolonged dry season created huge shock in Ethiopia, and in 2017 until March, Ethiopia 

has already lost about 4 million USD because of cattle death. 

Sustainable agriculture negates mode of production that are not environmentally friendly where 

total production is gained through conversion of critical habitat such as wetlands, forests and 

grasslands, wildlife reserves since such practices are no longer sustainable. Therefore, to sustain 

the economic growth as well as feed the increasing world population sustainably, it is imperative 

to consider environmental and social dimension of development in line with economic 

development. The role Reducing Emission from Deforestation and Forest Degradation (REDD+) 

may play towards halting deforestation in this regard should not be undermined. Moreover, 

landscape approach should be exercised in order to stop deforestation and forest degradation by 

2020 as enshrined under SDG #15.2 (Sustainable Development Knowledge Platform, 2015). 

Deforestation and forest degradation are caused by sectors outside the forest sector, for example, 

agriculture and biomass energy. To some extent, livestock management can influence forest 

management. Hence, landscape approach (see Chapter 2 for definition and concept) becomes very 

relevant.  

Moreover, attaching REDD+ with emission reduction may only limit its progress since the role of 

forests, as discussed above, surpasses measuring emissions. The role of REDD+ in livelihood 

improvement should be part of the equation, hence, non-carbon benefits should gain attention for 

effective implementation of REDD+. Additionally, for REDD+ to be effective, any intervention 

in the future should address the landscape (chapter 2), but not specific land uses, such as 

agriculture/cropland. Understanding the interaction between different land uses (landscape), 

including human actions in modifying the landscape, is critically important to respond to the 

SDGs.  Improvement in agriculture production in a sustainable way depends on functionality of 

the wider landscape, including forest and wetlands to provide goods and ecosystem services.  



 

  

 

 5 

 

Monitoring of land use and land cover change is required in order to measure and take the 

necessary action towards sustainable natural resources management in a landscape. Land cover 

change is one of the nicators of Land Degradation Neutrality under UNCCD.  Analyses on extent 

of gain and/or loss of certain land use/land cover due to human actions (in most cases) or natural 

causes will remain an important mechanism to generate information about particular landscape. 

The information will be key to understand, among others, extent of greenhouse gases (GHGs) 

emitted or mitigated in that particular landscape.  

Landscape approach and REDD+ are very much relevant to respond to SDG #13, among others, 

limiting global temperature way below 2 °C is agreed in Paris during COP 21, now known as the 

“Paris Agreement” (UNFCCC, 2015). So far, 200 parties (Aljeezera, 2017) have ratified the 

agreement and, as of 4 November 2016, the agreement has entered into force.  

To respond to the Paris Agreement, parties, such as Ethiopia, committed to take actions through 

the Nationally Determined Contributions (NDCs). Currently, 162 countries or parties have 

submitted their first NDCs (UNFCCC, 2017). Ethiopia communicated its Intended National 

Determined Contributions (INDCs) to UNFCCC on 10 June 2016. In its INDCs, Ethiopia 

committed to reduce its GHG emission by 255 Mt CO2e or 64% from its Business as Usual (BAU) 

scenario by 2030 (Federal Democratic Republic of Ethiopia, 2011). The actions include climate-

smart livestock and crop management as well as REDD+ which are targeted to reduce 88% of the 

volume of GHGs, mainly, in a rural landscape. REDD+ readiness in Ethiopia is progressing well. 

Important milestones achieved by the Ministry of Environment, Forest and Climate Change 

(MEFCC) include, not limited to, (i) the national REDD+ strategy development, (ii) submission 

of forest reference level/forest reference emissions level and verification of the same by UNFCCC, 

(iii) establishment of MRV system/infrastructure at the national level, and (iv) completion and 

approval of the required safeguards instruments. 
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Climate change impacts are already well-felt by rural small holder farmers and pastoralists. The 

impact is also affecting the urban populations in a number of ways, ranging from heavy floods 

during rainy seasons to shortage of food and water, including electricity when drought occurs due 

to the fact that the urban populations rely on rural landscape/areas for major food, fibers and inputs 

for industry, electricity, among other things.  

Unsustainable urbanization in Sub-Saharan Africa, on the other hand, may increase pressure on 

rural landscapes from discharges coming out of institutions, households and industries. Lack of 

sufficient and standard living houses for urban populations in Sub-Saharan Africa has created 

challenges to access water and sanitation. Open defecation in the Ethiopian urban centers and rural 

landscapes is not surprising, but is real social and environmental problem/cost. If BAU continues, 

urbanization in most African countries may not be sustainable. African urbanization is increasing 

at an alarming rate, 11 times more growth rate than Europe (UN Habitat, 2016), and about 61% of 

the settlements are informal (Cartwright, 2015). Capacity, institutional arrangements and financial 

resources to put the required and resilient infrastructure in Africa may be not sufficient. Hence, the 

efficiency and effectiveness of the infrastructure established so far are not dependable. 

Therefore, urbanization in Africa should consider environmental and social dimensions in addition 

to economic aspects. In this regard, Green Infrastructure (GI) could be implemented. 

Unfortunately, the concept of GI is not well-known in Africa and this concept should be promoted 

as much as possible.  Moreover, urban areas located in rural landscapes should be considered as 

part of the wider landscapes.  

The above-mentioned challenges regarding food security, combating climate change impacts, 

halting deforestation and urbanization may be very hard to address based on sectoral approaches. 

Sectoral-based approach cannot see the bigger picture, i.e. at the landscape level. Weak perception 

of the wider landscape undermines the role of ecosystem goods and services and leads to 
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overexploitation of natural capital (Figure 2). Hence, the landscape approach should be the focus 

of interventions in a landscape.  

GHG emission increases
Rural livelihoods affected
Migration
Weak resilience to cc

Low satisfaction among 
actors in a landscape

Conflict over resources

Competition intensifies

No Landscape 
Approach

Drivers Loss of ecosystem 
services

Causes and effect of inappropriate approach in 
management   

Loss of 
forests, 

wetlands, 
etc

Land 
degradation

Increase in  
Urbanization 

increase in biomass 
energy usage

Agriculture 
expansion/food 

consumption rise 

No land use plan and planning, 
weak or inappropriate policy

Weak synergy or lack of 
coordination between different 

actors

Weak institution

Population Growth

 

Figure 2. Cause and effect of inappropriate Natural Resources Management (cc = climate change and GHG = 

greenhouse gases). 

Ethiopia developed “Climate-Resilient Green Economy (CRGE) Strategy” in 2011, however, the 

country is still working hard to bring coordination at a landscape level, but with little success. 

Landscape approach is not yet in place because sectoral based policies have overwhelmingly 

engaged experts, including most development agents, to focus only on the implementation of their 

sectoral strategies.  

Moreover, considering non-carbon benefits (NCBs) in any of the strategies globally or at 

individual country level, such as Ethiopia, is not matured yet. Therefore, immediate action to 

consider NCBs related with REDD+ need to be considered and should be part of REDD+ discourse 
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(Chapter 2). Another important concept reviewed for this dissertation is Green Infrastructure (GI). 

GI and Landscape approach have many similarities. In our review, the only difference we could 

notice is the application of GI in urban settings.  

The binding part of this dissertation is institutional arrangement. In our work, within the last four 

years, the institutional arrangements were found as the backbone of any intervention in a given 

landscape. In this regard Ethiopia may investigate or revisit its institutional arrangement again to 

be effective and efficient in the implementation of the CRGE, NDCs, and other plans or strategies 

and deliver results.  

This research shall fill gaps or contributes to the already initiated researches relevant to 

environmental resources conservation and management as outlined below: 

First, it will fill a research gap in policy formulation with regards to environmental resources 

conservation and management. The research explores some of governance issues in forest 

management which directly addresses livelihoods linked to NCBs of local community residing in 

and around forests. The research generated evidences on NCBs and their role in local economy, 

among other things. This research argued that NCBs are significantly important from local to 

Global community in addressing livelihoods and reducing GHG respectively, hence due attention 

needs to be given in policy generation and implementation of the same. Moreover, policy makers 

should develop policies in favor of landscape approach rather than a specific sector. 

Second, carbon accounting so far is concerned on carbon but little on biodiversity though 

biodiversity is an important natural asset to enhance carbon stock in the forest ecosystem.  Our 

research managed to address biodiversity indices while carbon accounting was made.  

Third, the research addressed environmental conservation and management institutions and 

identified that these institutions in Ethiopia are mostly housed at different sectoral offices where 

each sectoral office deals with plans developed independently. The research in this regard strongly 
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suggested institutional and planning reforms where institutions should be created to address the 

larger problems in a landscape or at ecoregional level. Reforming institutions to address the 

problems of landscapes is recommended/found to be necessary.  

Fourth, GI is new for Ethiopia and Africa. We reviewed substantial reports and peer-reviewed 

journal articles and found out that the concept deserves promotion. Urbanization and unsustainable 

agriculture would lead to unsustainable development path. GI and LA are the two concepts which 

are believed to solve the problems surfaced today and in the future. GI has great potential to link 

urban with rural in a sustainable manner.   

Finally, multifunctional landscape and multisector challenges require doing business differently, 

and because of complexity of issues (the environmental challenges, competing interests of 

stakeholders, unpredictability of climate variables, etc.), emerging research approaches call for 

action and such approaches include transdisciplinary research.  Sector based researches are so 

fragmented to respond to these complex issues. Accordingly, this doctoral thesis is produced based 

three peer viewed published articles and one review manuscript. These are:  

(i) None-carbon Benefits for Effective implementation of REDD+: The case of Bale Mountains 

Eco-Region, Southeastern Ethiopia (Nune et al., 2015); 

(ii) Institutional Arrangements and Management of Environmental Resources in Ethiopia (Nune 

et al., 2016a); 

(iii) Land Use and Land Cover Change in the Bale Mountain Eco-Region of Ethiopia during 

1985-2015 (Nune et al., 2016b);   

(iv) The Actual and Potential Contributions of Green Infrastructure to Achieve Sustainable 

Development Goals under Appropriate Policies and Institutional Arrangements (Nune et al., 

unpublished manuscript);  
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There are six main chapters in this dissertation. Chapter one deals with an introduction and 

objectives followed by review of related literature under chapter two, which presents concepts, 

definitions and lays out skeleton of the research in general. Materials and methods is presented 

under chapter three. Chapter four and five comprise results and discussions respectively. Chapter 

six presents conclusions and recommendations followed by references and annex. 

1.2. General Objective 

The general objective of this study was to assess and analyze land use and land cover changes, 

non-carbon benefits and institutional arrangements to better inform decision makers in order to 

avail conducive policy environment for effective environmental resources conservation and 

management in general and landscape approach in particular. System to monitor land use and land 

cover change is probably an important first step/prerequisite in designing and implementing 

workable LA. Once the information exists, further analyses on forest resources is important. Forest 

governance and capacity of institutions become additional important indicators for successful LA. 

1.2.1. Specific objectives  

The specific objectives of the study were to: 

1. analyze LULCC between 1985 and 2015 in BMER, and identify major land uses that have 

undergone major changes;  

The following research questions were addressed to achieve this specific objective: (i) Which 

LULC types gained or lost most as a result of the observed LULCC? (ii) What are the major drivers 

of the LULCC/deforestation? and (iii) What was the approximate amount of carbon stock removed 

as a result of deforestation during the study period? 

2. assess and document the most important NCBs obtained by the local communities, contribution 

of forest resources to local economy (at a household level), and establish the relationship between 
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carbon stock and Shannon diversity. The followings research questions were addressed: (i) What 

is the status of species richness and similarity, diversity, evenness and stand structure of the woody 

species?  (ii) what is the amount of carbon stock stored in the above-ground biomass of the woody 

species? (iii) Is there a relationship between the Shannon diversity indices and carbon stock; (iv) 

what is/are the most important forest non-carbon benefits obtained by the local communities from 

the forests? and (v) How much is the contribution of forest resources to the local economy when 

compared with other incomes generated from agriculture, including livestock? 

3. assess status of GI in BMER urban centers in brief and highlight its importance to implement 

REDD+ effectively. Under this specific question the main research question addressed was ‘what 

is the status of GI in BMER?’ 

4. Analyze current institutional arrangements in terms of rights and responsibilities, planning 

system, capacity, and motivation of local communities for the management of environmental 

resources in general and the forest sector in particular and assess constraints for the successful 

implementation of policies/legislation, strategies, programs, projects and actions at a landscape 

level where REDD+ implementation is taking place. The following broad research questions were 

addressed: (i) is there clear rights and responsibilities in the institutions managing environmental 

resources? (ii) Do we need to reform planning and programming system? (iii) is there capacity to 

manage environmental resources? and (iv) what motivates local communities for the management 

of environmental resources? 
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CHAPTER 2. REVIEW OF RELATED LITERATURE 

2.1. Landscape, Landscape Approach and Non-Carbon Benefits 

Landscapes are place-based systems that result from interaction between people, land, institutions 

(laws, rules and regulations) and values (Minang et al., 2015).  They are the products of multitudes 

of decisions by stakeholders, which all appear rational to those taking them but may not make 

sense to other stakeholders (Sayer et al., 2015). Landscape is a broader conceptual term with set 

of specific objectives having an arena delineated by an actor where entities including humans 

interact according to rules (physical, biological and social) that determine the relationships (Sayer 

et al., 2013). They are constantly changing under the influence of multiple drivers. In addition to 

nature, human activities clearly play an important role in creating landscapes (Farina, 2000), e.g. 

deforestation/deforested area. However, Minang et al. (2015) discussed three interactive aspects 

to define landscapes, namely: a) functional interactions where ecological, economic and social 

processes in a landscape are interacting; b) negotiated spaces - stakeholders with different 

interests, power and ambition interact in a landscape; and c) heterogeneity - landscape should be 

at multiple scales. A landscape typically consists of different components (e.g. agricultural fields, 

woodlots, tree plantations, fallows, riparian areas, rivers and settlements), which are used by 

various stakeholders (e.g. farmers, foresters and fishermen, community organizations and NGOs, 

businesses of all sizes, and government agencies) (Kusters, 2015).  

Among other things, landscape is:  a) a socio-ecological system, b) mosaics of land use and land 

cover, c) natural and/or modified ecosystems, with a characteristic configuration of topography, 

vegetation, land use and settlements that are influenced by the ecological, historical, economic and 

cultural processes and activities of the area (Scherr et al., 2013). Depending on the management 

objectives of the stakeholders, landscape boundaries may be discrete or fuzzy, and may correspond 

to watershed boundaries, for example, critical or micro-watersheds, distinct land features, and/or 

jurisdictional boundaries, e.g. the Oromia Forested Landscape Project or cross-cut such 



 

  

 

 13 

 

demarcations. Because of this broad range of factors, a landscape may encompass areas from 

hundreds to tens of thousands of square kilometers (Scherr et al., 2013). In general, landscape is 

composed of systems made up of systems (Parrott & Meyer, 2012).  

The countries in African continent are among the seven continents addressing the SDGs for their 

own people. Most of the African people are dependent on different resources extracted from 

various landscapes. Over 60% are small holder farmers (Munang, et al., 2015) that derive their 

livelihoods and other incomes from these landscapes. Ending poverty and hunger in the African 

context seems very far from reality unless appropriate strategies to ensure sustainable landscape 

management are developed and implemented. Similarly, achieving SDG #4 (see Figure 1) 

probably shall be difficult unless children in Africa are provided sufficient and nutritious food 

originating from the landscape. Landscape approach (LA) has local, regional, national and global 

context and benefits all stakeholders of all ages, ethnic groups as well as females and males. 

Ecosystem services, in a LA, address at least eight SDGs, namely 1, 2, 4, 6, 7, 13, 14 and 15 (see 

Figure 1; van Leenders & Bor, 2016).  

The relationship between land degradation and poverty is reported by Barbier & Hochard (2016). 

Poverty, on the other hand, is also an underlying driver of deforestation and forest degradation 

(Geist & Lambin, 2001). Hence, in the context of developing countries, eradicating poverty is in a 

way complementing the success of REDD+. Yet again, the role REDD+ may play to improve 

livelihoods should be accounted for in the future. In the African countries, particularly in SSA 

REDD+ may be addressed when issues related to agriculture and biomass energy are addressed. 

Strong correlation between deforestation and farmland expansion, mainly, for crop production has 

been reported in the Bale Eco-Region of south-eastern Ethiopia (Nune et al, 2016b).   

The Ethiopian CRGE strategy identified seven sectors, namely forestry, soil, livestock, transport, 

industry, electric power supply and building & green city which are responsible for GHG 

emissions. Of these, addressing crop production and expansion, unsustainable biomass energy 
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consumption and livestock management is important to reduce the GHG emissions targeted for 

2025. These factors, which have relevance to landscape, contribute more than 78% while urban 

related emissions from electricity, waste management and industry contribute 12% (EPA, 2011). 

Urbanization in Ethiopia [and in Africa] can choose green path. Urbanization should consider 

mechanisms in the use of water and energy efficiently, systems that can easily convert wastes to 

other usable products, such as energy and organic fertilizer to improve soil health, sufficient and 

quality houses with proper sewage and toilets as well as sufficient system for mass transportation 

so that climate change could be managed. Additionally, green path creates or generates new job 

opportunities for the unemployed. Urbanization should not affect neighboring or the surrounding 

landscapes, but better be compact so that many people could get services/utilities within a shorter 

distance than addressing scattered settlements.  Application or implementation of spatial planning 

into urban development and quality infrastructure provision, among other things, could provide 

sustainable and habitable urban centers. The application or integration of GI can help in achieving 

such habitable centers.   

As a result of economic growth, because of growth in crop production as well as improvement in 

socio-economic situation, new land configuration where large and small monoculture agricultural 

fields, settlements and grasslands replaced forests and other natural landscapes (Farina, 2000). 

Most landscape changes are the result of the cumulative emergent effects of repeated small 

disturbances that may link processes across scales and that often occur over generational 

timeframes (Parrott & Meyer, 2012). Landscape change driven by economic forces sometimes do 

not give enough time/chance for some of the important habitats in a landscape to recover since the 

time scale for economic changes are smaller compared with ecological adaptation and recovery 

from environmental stressors (Farina, 2000).   

However, Parrott & Meyer (2012) indicated that landscapes are created by natural and human 

disturbances and have evolved over thousands of years. The ‘internal (local community initiatives 
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and inter-species interaction) or external (climate and global economy)’ factors are drivers of 

change. 

Hence, landscape is dynamic and under continues change (Parrott & Meyer, 2012; Sayer et al., 

2015).  Worldwide trends show some landscape types gained while others, such as forests lost 

significantly. Tropical deforestation accounts for up to a fifth of global anthropogenic carbon 

dioxide emissions (Groom and Palmer, 2012). For instance, between 1990 and 2000, some 16 

million ha of tropical forests were lost per year (McDermott et al., 2012) while agriculture and 

settlements, particularly urbanization, expanded at alarming rates. As a result of such change, 60% 

of major ecosystem services are either lost or degraded (Minang et al., 2015).   

The LA represents a set of principles for landscape management (Kusters, 2015). LA refers to a 

set of concepts, tools, and methods applied in a landscape to achieve multiple economic, social 

and environmental objectives through processes that recognize, reconcile and synergize interests, 

attitudes and actions of multiple actors (Minang et al., 2015). LA attempts to provide solutions for 

competing land uses and sectors, such as agriculture and mining, which in most cases are highly 

competitive with environmental and biodiversity goals (Sayer et al., 2013). The solutions can be 

achieved when ten principles are addressed (Figure 3), which have been adopted by the Convention 

of Biological Diversity (CBD) (Minang et al., 2015). 

The evolution of integrated conservation and development projects and ecosystem approaches 

towards LAs has been incremental (Sayer et al., 2013). LA differs from the earlier approaches 

developed in 1990s, addresses the complex interactions between different spatial scales, and 

emphasizes the need to embrace the full complexity of human institutions and behaviors, just not 

only physical or scenic landscape. Probably, the biosphere reserve concept and the proper 

implementation of its concept may share the concept of LA except that biosphere reserve operates 

in critical ecosystems of the world. Nonetheless, LAs to resource management are not new (Scherr 

et al., 2013). 
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Figure 3. The ten principles of landscape approach (source: Sayer et al., 2013). 

LA, proper institutions with knowledge and ability to understand landscape as well as enforced 

rules and regulations are required, among others, in order to achieve the Paris Agreement and the 

SDGs. Efficient LA that applies principles of “optimization algorithms” - where agricultural 

production, conservation values and other benefits are balanced - requires strong and dedicated 

institutions (Minang et al., 2015). Such strong institutions should have knowledgeable experts and 

acquire ability to enforce laws, agreements and regulations on which LA largely relies. Otherwise, 

if the institutions are weak, the success for reaching the desired target is probably difficult. 
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Forests are very important land use and land cover in a landscape. They are very important natural 

capital. About 1.6 billion people in the world depend on forest resources for their livelihoods 

(FAO, 2001). The amount of carbon stored in the forest that covers about 4 billion ha (31% of the 

globe) is significant in addition to its potential capacity for sequestration. The value of forest 

biodiversity is equally important for pharmaceutical industries, food and nutrition, fiber and other 

uses. However, as indicated above (Chapter 1), forests are under heavy pressure to provide 

ecosystem services and goods unsustainably. This loss has major impacts on biodiversity and 

forest dependent communities. Forest ecosystem services, such as disease regulation, livelihoods, 

watershed protection, nutrient cycling and climate security are all affected. Protecting tropical 

forests, therefore, has not only a double-cooling effect, by reducing carbon emissions and 

maintaining high levels of evaporation from the canopy, but also is vital for the continued provision 

of essential life-sustaining services (Eliasch, 2008).  

Reducing Emission from Deforestation and Forest Degradation (REDD+) is a global initiative to 

combat climate change. Groom & Palmer (2012) indicated that 20% of GHG emission is accounted 

from deforestation. Whereas, 70% of GHG is generated in urban areas/cities (UN Habitat, 2016). 

Therefore, in a rural landscape, forest is an important land use sector to be addressed in order to 

make significant steps in combating climate change.  

However, forests are not only important for carbon dioxide sequestration, but also for their Non-

Carbon benefits (NCBs).  Drivers of deforestation are mainly correlated with agriculture expansion 

and unsustainable biomass energy consumption, which are indirectly driven by, among other 

things, poverty. The international community need to recognize the linkage between the above-

mentioned forest-dependent communities and recognize the values of NCBs for negotiation.  

Since COP 16, the rights of local communities, in relation to safeguards, have been in the 

discussion. Doha conference, COP 18, included NCBs in its paragraph 22 and 40. Doha’s decision 

is the result of UNFCCC meeting in Bangkok in 2012. During this meeting, for the first time, the 



 

  

 

 18 

 

relationship between NCBs and REDD+ safeguard implementation was recognized (REDD+ 

Safeguards Working Groups, 2013; Figure 4). NCBs refer to the social, environmental and 

governance benefits that result from REDD+ readiness and implementation (the REDD Desk, 

2016). NCBs can be divided into two, namely tangible and intangible. Tangible NCBs include 

wood for construction and biomass energy, grasses and thatches, forest coffee and forest honey, 

spices and condiments from forests, climbers, bush meat, mushroom and water. Among intangible 

NCBs, pollination services, modification of micro-climates, scenic values, watershed value (flood 

control), disease control, habitat for wildlife and other usufruct services are worth mentioning. 

Addressing NCBs and safeguards not only minimizes risks, but also increases the effectiveness of 

REDD+ in terms of the quantity of Emission Reductions/Removals that can be realized (REDD+ 

Safeguards Working Groups, 2013). 

 

Figure 4. Processes involved in the recognition of non-carbon benefits in COPs (UNFCCC, 2011, 2013,  2014; 

UN, 2015). 
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Application of LA for effective REDD+ implementation is probably the most important step or 

path to follow. In line with this, this study addressed three main topics, namely analysis of land 

use land cover change (to understand gain and loss in LULC and estimate approximate GHG 

emission within an eco-region), assessment of NCBs within the same eco-region and institutional 

arrangements for effective management of environmental resources or LA. The last study 

addressed the most critical ecosystems of the country. As a supplement to these three pillar studies, 

green infrastructure is addressed to strengthen the concept of LA and create connections or 

linkages to vision eco-regions beyond the landscape (Figure 5). 

2.2. Land Use and Land Cover Change 

Land use and land cover change (LULCC) refers to human modification of the terrestrial surface 

of the Earth (Ellis, 2006). The negative impact of LULCC on biodiversity, climate, water, soil, and 

air, in particular, and ecosystem services in general, has been recognized as one of the greatest 

environmental concerns for human populations today (WRI, 2001). LULCC is not a recent 

phenomenon in Ethiopia; for example, the World Resource Institute (WRI) has reported such 

events to have occurred during 7000–1800 BCE (WRI, 2001).  

However, current LULCC is aggravated by the scale, speed and long-term nature of civilization 

(WRI, 2001; Ellis, 2006). Much of the direct change is a consequence of land use, and today, about 

40% of the land surface is used for agriculture (crops and pasture) (Global Environment Facility, 

2012). In addition to cropland expansion, tree plantation establishment, urbanization in order to 

produce food, timber harvesting, house construction, and the need for other commodities have 

resulted in the reduction of many ecosystem services, including biodiversity (Lawler et al., 2014; 

Kindu et al., 2015). 
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Figure 5. Framework of the study. 

Globally, agricultural expansion and associated land use changes have been the principal drivers 

of deforestation and were responsible for 24% of global GHG emissions in 2010 (USEPA, 2016). 
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From 1970 to 2011, CO2 emissions increased by about 90%, and agriculture, deforestation and 

other land use changes have been the second largest sources of global carbon emissions, next to 

the use of fossil fuels (USEPA, 2016). Agriculture accounts for 14% of GHG emissions (6.8 Gt of 

CO2) (FAO, 2009). The GHG emissions from this sector are highly likely to increase as humans 

struggle to increase food production to the required 70% by 2050 (FAO, 2009). Tropical 

deforestation has been responsible for 15 - 25% of annual global GHG emissions, and accounts 

for nearly 70% of total GHG emissions in Africa (Gibbs et al., 2007). For example, in Ethiopia, 

the estimated forest area in 1955 was 17 million ha, but by 1979 it dropped dramatically to 3.4 

million ha, with the average annual loss shown in Table 1 (FaWCDA, 1982). However, FAO 

(2015) reported that 11.4% of land in Ethiopia was covered by forest in 2015. A highland 

reclamation study (Wright, 1984) revealed the consequences of deforestation and permanent 

removal of other vegetation in the Ethiopian highlands. Accordingly, about 27.5 million ha of the 

areas examined showed significant signs of accelerated soil erosion, while about 14.5 million ha 

of land were considered the ‘worst affected areas’ and were recommended to be abandoned 

(FaWCDA, 1982). 

Table 1. Annual deforestation in Ethiopia from 1955–1979. 

Year Annual average 
deforestation (ha) 

1955-67 697,000 
1967-76 293,000 
1976-79 205,000 

Sources: FaWCDA (1982) and Nune et al. (2016b).  

LULCC contributes to climate change in Ethiopia. The agricultural sector (livestock, crop and 

forestry) contributed 88% of the total GHG emissions in Ethiopia in 2010 (Environmental 

Protection Authority, 2011). The total accounted GHG emissions during that period was 150 Mt 

CO2e, of which 133 Mt CO2e was from agriculture. Livestock exhibited the biggest share of GHG 

emissions (65 Mt CO2e), followed by forestry (55 Mt CO2e) and crop production (13 Mt CO2e) 

(Environmental Protection Authority, 2011). The major activities contributing to GHG emissions 
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in forestry were deforestation for agricultural expansion, forest degradation for fuelwood, and 

limited formal and informal logging (FDRE, 2011). 

There is uncertainty as to how much the economy of Ethiopia may be affected as a result of the 

ongoing climate change, but a reduction of 10% or more of the Gross Domestic Product (GDP) 

has been projected in all the sectors by 2050 (FDRE, 2011). Mideksa (2009) pointed out that 

climate change may hit economic development hard in two ways. Firstly, it will reduce agricultural 

production and output in the sectors linked to agriculture, which is likely to reduce the GDP of 

Ethiopia by about 10% from its benchmark level. Secondly, it will lead to income inequality in 

which the Gini coefficient increases by 20%, causing further decline in economic growth, which, 

in turn, will fuel poverty. The Gini coefficient is mainly used to measure income inequality. The 

range of the coefficient is [0, 1], with 0 representing perfect equality (Yitzhaki & Schechtman, 

2013). Thus, climate change is expected to increase the proportion of people living in poverty, 

which, ultimately, may drive more LULCC. 

On top of the impact on the economy, climate change and weather-related impacts in Ethiopia 

have claimed a lot of lives already. In addition to the number of animal lives lost as a result of the 

famines during 1972–1973 and 1984–1985, an estimate made by Uffelen indicated that the lives 

of 560,000 people were lost (Uffelen, 2013). Historically, more than 40 mass mortality famines 

are known to have afflicted Ethiopia in the past thousand years (Devereux, 2000). For example, 

“The Great Ethiopian Famine” of 1882–92 claimed one-third of the population of Ethiopia 

(Devereux, 2000). Despite the fact that human lives continued to be lost, the population in Ethiopia 

increased four-fold between 1990 and 1998 (Office of Prime Minister, 1993). 

LULCC analysis has become an important tool to generate evidence for decision-makers, spatial 

planners, local communities or actors who are operating within a given landscape to formulate 

appropriate policies and strategies, generate data for spatial planning and develop detailed land use 

plans as well as understand agents of change. Hence, LULCC analysis helps decision-makers 
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ensure sustainable development and understand the dynamics of the changing environment (Iqbal 

& Khan, 2014). 

The current debate on the importance of the LA requires sufficient data on land use and land cover 

to successfully monitor the efficiency of the LA. Therefore, information on spatial and temporal 

analyses of LULCC becomes indispensable. Various authors addressed LULCC in Ethiopia, their 

focus varying greatly in terms of thematic area as well as spatial locations (Tsegaye et al., 2010; 

Biazin & Sterk, 2012; Teferi et al., 2012; Bewket & Abebe, 2013; Desalegn et al., 2014; Teferi et 

al., 2016; Mengistu & Waktola, 2016; Kindu et al., 2013, 2015). However, comprehensive and 

national scale analysis was conducted by the Woody Biomass Inventory and Strategic Planning 

Project (WBISPP), which has produced land use and land cover maps for Ethiopia (WBISPP, 

2005). All of these studies highlighted that land use and land cover change has impacts on 

biodiversity, water resources, forest and local livelihoods, among others. The main drivers are 

linked to farmland expansion and population growth (Kindu et al., 2015). 

2.3. Non-Carbon Benefits for Effective Implementation of REDD+ 

Reducing emissions from deforestation and forest degradation (REDD) was discussed during 

Conference of Parties to the United Nations Framework Convention on Climate Change 

(UNFCCC) in Bali (COP 13). But, the idea of REDD+ was first introduced in 2005 by developing 

countries at the eleventh conference of parties to the UNFCCC as RED (Vijge & Gupta, 2014). 

The second “D”, referring to forest degradation, emerged later in 2007 (Wertz-Kanounnikoff and 

Angelsen, 2009). Since then, progresses have been made with regard to REDD+. In 2010, in 

Cancun, REDD+ emerged to emphasize that developing countries should be encouraged to 

contribute to mitigation actions in the forest sector by the full scope of REDD+ activities through: 

(i) reducing emissions from deforestation; (ii) reducing emissions from forest degradation; (iii) 

conservation of forest carbon stocks; (iv) sustainable management of forests; and (v) enhancement 

of forest carbon stocks (UNFCCC, 2011; Figure 6). Some experts argue that the plus sign, such as 
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conservation, sustainable management of forests and enhancement of forest carbon stocks might 

deprive the rights of local communities in the long run as REDD+ activities may focus on carbon 

intensive projects. 

Additionally, viewing forests only for their carbon sequestration purpose underestimates their 

NCBs. As indicated above, NCBs are extremely essential for the local communities’ livelihood as 

well as successful implementation of REDD+. There is assumption that carbon finance alone might 

not be attractive enough to local communities and forest managers when compared with other land 

use options. 

Furthermore, there is high demand for non-carbon forest resources. Incorporating carbon as a 

component of multiple objectives management alters the economics of forest enterprises (up to 

30% increase in revenue) and, thus, acts as a catalyst to create an economic incentive for forest 

plantation development, but not sufficient to compensate the 70% (Yitebitu et al., 2010). Annual 

carbon payments in agro-forestry contracts in Mozambique were equivalent to about two months 

of wage labor. Thus, carbon payments appeared to play a relatively weak role in improving 

household incomes (Groom and Palmer, 2012). 

Tropical deforestation accounts for up to a fifth of global anthropogenic CO2 emissions (Groom 

and Palmer, 2012). For instance, as stated above, between 1990 and 2000, some 16 million ha of 

tropical forests were lost per year (McDermott et al., 2012). Agriculture land expansion and 

biomass energy consumption have been attributed as the main causes. As indicated above, nearly 

1.6 billion people heavily depend on forest resources for their livelihoods (FAO, 2001). Therefore, 

the lives of these people are directly affected by forest degradation and deforestation. 

REDD+ created a lot of expectations. Local communities, politicians, governments and NGOs are 

hoping that modest carbon finance might be established to offset parts of the GHGs from the 

atmosphere as well as mitigate the emissions. Failure to establish carbon finance mechanism and 

meet the expectations may cause REDD+ to collapse [in the future]. 
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Figure 6. REDD+ processes (REDD+ Safeguards Working Groups, 2013; UNFCCC, 2015; the REDD desk, 2016) 

But if the design considers all benefits from the forestry sector, REDD+ might be successful. To 

do that, there is a need to establish proper indicators to monitor those non-carbon benefits and link 

REDD+ to a broader landscape. Among the various benefits that a landscape, in general, and forest 

resources, in particular, provide to local communities, removal and mitigation of GHGs as well as 

tangible and intangible NCBs are worth mentioning. The Environmental System of Accounting 

has a system to measure the contribution of such NCBs to the national economy (Bann, 1998; Lang 

et al., 2003). Nune et al. (2013) have estimated that the Ethiopian Forest Sector contributed 11 and 

9% to the GDP in 1995 and 2005, respectively. Unfortunately, REDD+ incentives currently cover 

for only small portion of the total value of the forests (only GHG removals and mitigation). 

The current negotiation at the international level seems to be focused on the use of forests in 

reducing CO2 emission with little attention to their other benefits, which ensure food security to 

billions of the poor in developing countries. The main argument behind such attitude is that 

estimating carbon is relatively simple when compared with the other benefits, such as biodiversity 
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and watershed values. Furthermore, the international community is currently more concerned with 

problems related to GHG emissions. Although, the effort to reduce GHG emissions is 

commendable, the argument at this stage is that it is possible to consider the biodiversity value 

while targeting CO2 levels. When local communities fail to enjoy the benefits of biodiversity and 

other landscape NCBs, including the cultural and customary benefits, as a result of weak policies 

that undermine incentives, they tend to overexploit environmental resources because of lack of 

sense of ownership. Hence, strategically, it is better to give sufficient emphasis to biodiversity and 

other NCBs when REDD+ is implemented. 

Many ecological functions associated with the provision of ecosystem NCBs to agriculture are 

closely related to the biodiversity in the associated semi-natural patches (Burel et al., 2013). 

Biodiversity and other forest NCBs might be difficult to maintain or improve unless they are 

considered as part of the development plan of a country and given equal weight similar to food 

security or poverty reduction. Tscharntke et al. (2012) argued that conventional agricultural 

intensification often results in contamination by pesticides and fertilizers, which can affect human 

health and create non-target effects on wildlife and functional agro-biodiversity (Gibbs et al., 

2010). When multiple ecosystem NCBs are considered, more efficient outcomes can be achieved 

where the net gains of land use change are maximized (Bryan, 2013).  

Forest NCBs fall either in one or both of the climate change adaptation and mitigation part of the 

climate change discourse. Incorporating NCBs in the REDD+ payment scheme would enhance the 

interest of local communities and local governments to engage in the implementation of the 

REDD+ effectively and sustainably.  

There are safeguard policies developed by multilateral organizations, such as the Forest Carbon 

Partnership Facility (FCPF) in the World Bank and the UN-REDD+ as well as private and NGO 

certification schemes [Voluntary Carbon Standard (VCS), Carbon, Community, Biodiversity 

Alliance (CCBA) and REDD+ Social and Environmental Safeguards (REDD+ SES)], which are 
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designed to be implemented at national and project levels. Multi-lateral funding programs have 

drawn heavily on existing safeguards for international aid, while private certification schemes have 

specialized in different niche priorities at the project level. 

With regard to the substance of safeguard requirements, the involvement of donors and investors 

appears correlated with a stronger emphasis on carbon and risk mitigation while greater NGO 

involvement and the decoupling of safeguards design from REDD+ funding appear correlated with 

greater emphasis on social rights and benefits (McDermott et al., 2012). For FCPF and UN-

REDD+ countries, interest is ultimately contingent on serving the central aim of REDD+, i.e. 

reducing forest carbon emissions. 

REDD+ methods approved by VCS do not address environmental or social safeguards 

(McDermott et al., 2012). CCBA on the other hand, considers social benefits additionally. CCBA 

requires that projects should generate measurable and verifiable additional net social benefits that 

are “equitably shared among community members and constituent groups” (CCBA, 2008; 

McDermott et al., 2012). CCBA evaluates projects on the basis of whether or not they are pro-

poor and benefit more vulnerable households and individuals. 

McDermott et al. (2012) have developed a “continuum of safeguards prioritization” from pure 

carbon to non-carbon values (VCS, FCPF, UN-REDD+, CCBA, REDD+SES and Non-REDD). 

Based on their analysis, VCS considers pure carbon, whereas Non-REDD favors other benefits 

than carbon or REDD+ payment.  In some cases, a combination of standards is possible, e.g. VCS 

and CCBA. Under CCBA, co-benefits are considered. 

The choice of organizations in the implementation of REDD+ determines what benefits should go 

to communities. Furthermore, lack of measuring and reporting mechanisms for NCBs in the 

safeguards of multilateral funding and VCS may pose a great challenge for future REDD+ 

implementation. The success or failure of REDD+ will be determined not only by carbon emission 
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reductions, but also by equity for local communities and indigenous peoples (Jaung and Bae, 

2012). 

So far, there is no mechanism to account for NCBs. The accounting mechanism, including the 

definition, needs to be agreed at the international level. Addressing NCBs, among others, 

minimizes risks in addition to realizing effective REDD+ implementation.  Moreover, 

implementation of REDD+ strategy should consider the concept of green infrastructure beyond 

forest landscape, in addition to NCBs, safeguards and payments for carbon, to avoid fragmentation 

and increase resilience of landscape in general and forest ecosystem in particular. 

2.4. Green Infrastructure 

Green Infrastructure (GI) refers to interconnected networks of multifunctional features of different 

land uses having environmental, social and economic benefits (Benedict & McMahon, 2002; EPA, 

2011; Li et al., 2016; Gill et al., 2007; Mejia et al., 2015). European Environment Agency (2011) 

recognized GI as a concept, which addresses the connectivity of ecosystems to provide products 

and services, and adapt and mitigate climate change. It promotes integrated spatial planning of 

multifunctional zones through incorporating habitat restoration and other connectivity elements 

into various land use plans and policies, such as linking peri-urban and urban areas. GI provides a 

solution for fragmented two or more ecosystems by connecting them, hence, the resilience of such 

fragmented ecosystems is less than that of connected ecosystems. Restoring, protecting and 

conserving an ecosystem in the face of increasing population and economic growth seem very far 

from reality. Therefore, to promote biodiversity conservation, adapt and mitigate climate change 

as well as ensure environmental health and wellbeing of human society, reconciling human needs 

with nature through establishment of GI in urban and rural areas is mandatory. It is a reality that 

urban areas are at increasing trend. Addressing environmental, social and economic dimensions of 

urban development can be attained with the concept of GI.  
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Benedict and McMahon (2002) and Wright (2011) have argued that presenting one definition to 

GI is problematic. Different authors from different background and intention to use it for different 

objectives may define GI differently. For example Benedict and McMahon (2002) presented a 

definition agreed by a working group drawn from Conservation Fund and USDA Forest Service 

in 1999 as follows: “Green infrastructure is our nation’s natural life support system - an 

interconnected network of waterways, wetlands, woodlands, wildlife habitats and other natural 

areas; greenways, parks and other conservation lands; working farms, ranches and forests; and 

wilderness and other open spaces that support native species, maintain natural ecological 

processes, sustain air and water resources, and contribute to the health and quality of life for 

America’s communities and people.” The definition highlights the importance of natural 

environments to human lives. Whereas, the following definition recognizes the significance of 

concept of planning and design: “Green infrastructure is an emerging planning and design concept 

that is principally structured by a hybrid hydrological/drainage network, complementing and 

linking relict green areas with built infrastructure that provides ecological functions (Ahern, 

2007).” Furthermore, GI is an ecological framework and can be considered as a strategic approach 

to the management of environmental resources better, in general, and in urban areas, in particular 

(Benedict and McMahon, 2002). 

It is important to note that GI is also accepted as a relatively new research agenda (Mejia et al., 

2015). Benefits of GI (Figure 7) depend on the type of definition applied (European Environment 

Agency, 2011). However, if develop well in urban areas, GI can broadly: (i) improve quality of 

life, (ii) attract many tourists (both local and international), hence, community-based eco-tourism 

can be developed, (iii) help conserve biodiversity, (iv) assist in adapting to climate change-related 

problems and (v) assist in creating more jobs (Benedict and McMahon, 2002; Lennon, 2014; Mejia 

et al., 2015). GI touches upon different sectors, such as agriculture, water, road/railway and 

forest/trees. Also, it can affect (positively) cross-cutting issues, such as environment, climate 

change, and gender. Therefore, GI could help in availing proper or well-functioning coordination 

within and between sectors; hence, stakeholders’ negotiation and implementation of plans could 
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be cost effective.  Foster et al. (2011) argued that GI approaches help to achieve sustainability and 

resilience goals over a range of outcomes in addition to climate adaptation in urban areas. The 

climate adaptation benefits of GI are generally related to their ability to moderate the impacts of 

extreme precipitation or temperature. Benefits include better management of storm-water runoff, 

lowered incidents of combined storm and sewer overflows, water capture and conservation, flood 

prevention, storm-surge protection, and defense against sea-level rise. Besides, urban forestry, for 

example, sequesters huge amount of CO2 from the atmosphere and has a cooling effect on hot 

seasons. 

GI is considered as important strategy to implement European Union Biodiversity Action Plan 

2020 (European Environment Agency, 2011; Mejia et al., 2015). It provides an opportunity to 

manage fragmented/disconnected ecosystems, such as fragmented forests, in order to provide 

sufficient products and services as well as adapt and mitigate climate change. Fragmented 

ecosystems provide fewer benefits than connected ecosystems. 

GI has potential to combat climate change and contribute to fulfillment of the Sustainable 

Development Goals (SDGs) including effective implementation of REDD+. GI provides 

environmental, social and economic benefits.  

Moreover, problem of urban-rural linkage in environmental resources management as well as 

economic and social benefits can be addressed through GI. As briefly discussed above, the 

institutional arrangements to environmental resources, which is the focus of the next section, can 

determine the success of LA as well as GI.   

2.5. Institutional Arrangements for REDD+ implementation 

For many years, the ecosystem services, particularly of forest ecosystems, were given little 

attention. One of the many reasons is mostly linked with institutional arrangements. Governance 



 

  

 

 31 

 

failures and lack of institutional capacity were identified as the primary constraints/obstacles to 

the implementation of the LA (Sayer et al., 2013). 

 

Figure 7. Benefits of GI (source: European Environment Agency, 2011). 

The causes of ecosystem degradation are rooted in an economic system that often rewards 

exploitation rather than stewardship of natural system (WRI, 2003). Unsustainable agricultural 

expansion and intensification threatens environmental goods and services. Drivers of deforestation 

and forest degradation are mostly related with large and small scale agricultural investments and 

road construction, amongst others (Geist & Lambin, 2001; Kindu et al., 2015; Nune et al., 2016b). 

The knock-on effects of the expansion and intensification of agriculture range from affecting 

livelihoods and health to disrupting the supply of future food need (Tscharntke et al., 2012; Sayer 
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et al., 2013).FAO has projected food requirements in 2050 to increase by 70% from current 

production (FAO, 2009). To produce the required amount, some forest and other land uses outside 

of cropland may be converted to agriculture, which, in turn, may affect ecosystems. To some 

extent, urbanization is also a competing land use. The biomass energy in Africa is another major 

cause for degradation in the absence of sustainable forest management. In Ethiopia, it is recognized 

as the second most important cause of forest loss (MEFCC, 2015).  

Climate change has widespread impacts on human and natural systems (IPCC, 2015). The advisory 

services to smallholder farmers and politicians concerning climate change adaptation and 

mitigation from the relevant institutions is not satisfactory. In most cases, “Business as Usual” 

mode of implementations is a norm. Landscape-level management strategies and decisions will 

include making choices about the nature and timing of changes to overall land use, taking into 

account information about who or what may stand to benefit (or loss) from environmental services 

(Simpson and Burpee, 2014). 

Putting dedicated and accountable institutions in place has paramount importance to combat the 

ever-increasing climate change through effective implementation of REDD+, amongst others, and 

fulfill the requirements of the SDGs. The institutions need to be equipped, not limited to, with state 

of art technologies to analyze current situations and future predictions regarding factors affecting 

REDD+ implementation, such as food security, climate change phenomena as well as market 

situation both at country, regional and international levels. Their capacity to steer the management 

of holistic ecosystems at a landscape level, rather than single sectors, should be developed. For 

example, current institutions responsible for environmental/forest management in Ethiopia are 

requesting more capacity towards implementation of relevant programmes and projects as well as 

enforcement of laws. These institutions are housed at different organizations as a result of which 

common planning and programming has become difficult. The conflict and competition between 

different institutions towards fulfilling their own goals may be more costly for REDD+ 

implementation than had there been coordination and collaboration.   
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CHAPTER 3. MATERIALS AND METHODS 

3.1. Study areas 

As mentioned above, the studies on land use and land cover change analyses and non-carbon 

benefits were conducted in Bale Mountains Eco-Region (BMER). The Institutional Arrangements 

for effective management of Environmental Resources was conducted in three major eco-regions, 

namely BMER, South West eco-regions (SOER) and Siemen Mountains eco-regions (SER). 

Whereas, the GI was a review of the current knowledge and practice, mainly, in Ethiopia but using 

limited secondary data the status of urban centers in BMER was described.  

 

Figure 8. The Study Areas 
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BMER is located, geographically, between 50 16' 54" N to 70 52' 55" N and 380 37' 52" E to 

41013'0"E (Figure 8.a). BMER is found Oromia national regional states. The BMER presents very 

interesting physiographic diversity. The central area of the eco-region is a high plateau, much of 

which is above 3000 m. Several peaks rise from this plateau, including Tullu Dimtu (4377 m), the 

second highest peak in Ethiopia. 

There are about 40 streams and springs (OFWE  et al., 2014), which feed into five major rivers, 

Wabishebele, Genale, Dumel, Web, and Welmel (OFWE et al., 2014). In 2004, the WBISPP 

classified the BMER into eight major land use and land cover classes, namely, Afro-alpine heath 

vegetation, grassland, bushland, forest, shrubland, exposed rock and sand surface, cultivated land, 

woodland, and seasonal marsh. OFWE et al. (2014) carried out in-depth analyses of moist and dry 

forests in addition to the vegetation types they considered, such as grasslands, shrubland, and 

woodlands. Kidane et al. (2012) also analyzed 11 land use and land cover classes in their study 

area. They focused on agricultural land, Afromontane grassland and forest, Erica forest, shrubland 

and herbaceous formation, barren and burned areas, and water bodies. Warra et al. (2013) dealt 

with six land use/cover types, namely agricultural rural settlements, grassland, bush land, 

Afroalpine scrub, woodland, and forestland. Despite the fact that there are similarities in some of 

the land uses and land covers in the abovementioned studies, their findings show some differences 

in the final products. This probably stems from a lack of LULCC classification protocol in the 

country.  

Climate variation within the eco-region shows an interesting pattern. At high elevations, such as 

the Sanetti plateau, which includes the second highest mountain in Ethiopia, Tullu Dimtu, the 

annual average temperature is less than 7.50 C, whereas at the lower altitude (500–1000 m) the 

temperature is higher, reaching an annual average of more than 27.5 0C (WBISPP, 2005). There is 

also variation in the pattern of rainfall in the study area. In some parts of the BMER, a bi-modal 

rainfall is experienced, while other parts, mainly the western part, receive a uni-modal pattern of 
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rainfall. The annual rainfall in the area ranges from 600 to 1400 mm (WBISPP, 2005). Temperature 

and rainfall determine the land cover pattern, keeping other factors, such as soils, constant. 

BMER comprises diverse and unique fauna and flora, which are well documented by different 

authors (Woldu et al., 1989; Desta, 2007; Friis  et al., 2011; Kidane et al., 2012). The BMER is 

found within one of the Afromontane forests. The Afromontane rain forest is mainly distributed in 

two geographically different and wide apart regions, namely Southwest and Southeast forests 

(Friis, 1992). Both areas are part of the Eastern Afromontane Biodiversity Hotspot. The two sites 

are known for their non-carbon resources among which are Non-Timber Forest Products (NTFP), 

where forest dependent communities practice their customary rights, such as collection of wild 

coffee, honey and spices, which are abundant. In the BMER there is Participatory Forest 

Management (PFM). There are more than 60 forest user groups for REDD+ who are responsible 

for the management of this forest area. 

Sixteen districts (locally known as Woredas), namely Agarfa, Dinsho, Adaba, Dodolla, Goba, 

Sinana, Gololcha, Gasera, Delo Mena, Kokosa, Berbere, Harana Buluk, Nansebo, Mada Walabu, 

Goro and Guradhamole form the BMER. The forests in the BMER are mainly high forests 

composed of six forests formerly designated as “forest priority areas”, namely, Aloshe Batu, Goro 

Bale, Harana Kokosa, Kubayu, Menna Angetu and Adaba Dodolla (Ministry of Natural Resources 

Development and Environmental Protection, 1994). According to FARM-Africa (2008), the total 

forest area of the BMER was 690,000 ha in 2011, of which 193,000 ha was covered by the Bale 

Mountain National Park (BMNP), which was not included in this study. 

About 1,904,279 people live in the sixteen districts (CSA, 2013) of which BMER comprises 

61.4%. BMNR receives almost eight months of precipitation (March-October). Temperature 

varies from the lowest < 7.5° C at the Sannati Plateau to over 25° C in Dolo Mena (WBISPP, 

2001). 
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The Bale Mountains, housing BMNP and surrounded by the priority forest areas, mountains, 

valleys, grasslands and agricultural land, represent the largest area of Afro-alpine habitat in the 

African continent (FARM Africa, 2008). It is home of not only the endangered Ethiopian Wolf 

(Canis simensis) but also diverse bird species, Mountain Nyala (Tragelaphus buxtoni), the entire 

population of the Giant Mole Rat (Trachyoryctes macrocephalus) and stocks of valuable genetic 

material, including wild coffee (Coffea arabica L.) (OFWE et al., 2014).  

The BMER is considered as the water tower of south-eastern Ethiopia, Somalia and Northern 

Kenya. According to recent studies, the BMER supplies water for some 12 million people in the 

lowlands of southeast Ethiopia, Northern Kenya and Somalia (OFWE et al., 2014). A total of 40 

rivers arise in the area, contributing to five major rivers, namely the Web, Wabi Shebele, Welmel, 

Dumal and Ganale (FARM Africa, 2008). These rivers are the only sources of perennial water for 

the arid lowlands of the eastern and south-eastern Ethiopia, including the Ogaden and Somali 

agricultural belt (OFWE et al., 2014). 

Despite its great significance, the BMER is under threat. Agricultural land expansion is reported 

in the study area by different authors, e.g. Kidane et al. (2012). The report indicated that, within 

35 years, the agricultural land area increased from 136.39 to 735.39 km2 within the study area. In 

general, in BMER, the major crops produced are cereals, e.g., barley (Hordeum vulgare L.), wheat 

(Triticum sativum Lam.), and teff [Eragrostis tef (Zucc.) Trotter]; pulses, e.g., fava beans (Vicia 

fava L.), field peas (Pisum sativum L.), and haricot beans (Phaseolus vulgaris L.); and oilseeds, 

e.g., linseed (Linum usitatissimum L.) and sesame (Sesamum indicum L.). Vegetables, root crops, 

and fruits are also grown on a limited scale by some farmers (CSA, 2014). 

Deforestation and forest degradation, resulting from immigration of people from other parts of 

Ethiopia and, hence, population increment, livestock pressure, fire and settlement, have affected 

the status and future of the forest resources. The projected deforestation for the period of 10 years 
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exceeds 150,000 ha (FARM Africa, 2008), and it has been projected to continue unless proper 

incentives to the stakeholders in the area are provided.  

The eco-region consists of conifers and broadleaved species. The large Harenna forest of the Bale 

Mountains is floristically very closely related to South Western Ethiopian Afromontane forests 

(Friis 1992). The conifers are mainly Podocarpus falcatus and Juniperes procera. Tree species in 

the area include Oleaa europea subsp. cuspidata, Acacia abyssinica, Acacia negri, Euphorbia 

abyssinica and Apodytes dimidiata, Allophylus abyssinicus, Myrsine melanophloeos and Olinia 

rochetiana. Epiphytes like orchids, mosses and lichens are also present. The shrub layer is 

primarily composed of Myrsine africana, Calpurnia aurea, Dovyalis abyssinica and Carissa 

spinarium. Climbers include Smilax aspera, Urera hypselodendron, Embelia schimperi, Jasminum 

abyssinicum and various species of the Cucurbitaceae family. The ground is usually covered with 

grasses, herbs, mosses and ferns. 

Other trees that are grouped under broadleaved tree species include Apodytes dimidiate, Celtis 

africana, Croton macrostachyus, Ekebergia capensis, Milletia ferruginea, Polyscias fulva, 

Syzigium guineense, Cassipourea malosana, Elaeodendron buchananii and Schefflera abyssinica. 

The most frequent small tree species include Allophylus abyssinicus, Bersema abyssinica, Bridelia 

micrantha, Ehretia cymosa, Maesa lanceolata, Nuxia congesta, Oxyanthus speciosus, Rothmannia 

uncelliformis, Teclea noblis and Vepris daniellii. Wild coffee is one characteristic species in the 

understory found at an altitude between 1000 and 2000 m. 

Non-timber forest products (NTFPs) that are essential for the local economy include Arabica 

coffee, Gesho (Rhamnus prinoides) and medicinal plants. Grass for domestic animal is another 

significant NTFP, especially during the dry season. Quite a lot of cattle are dwelling in the forest 

during the hot season. 

The main soil types common in the area are Cambisols, Vertisols, Luvisols, Lithosols and Nitosols 

(OFWE et al., 2014). The Bale Mountains form part of the Ethiopian highlands system and was 
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formed during the Oligocene and Miocene geological periods, between 38 - 7 million years ago. 

The area consists of a vast lava plateau with at least six volcanic cones, each more than 4,200 m 

high, which have been considerably flattened by repeated glaciations (OFWE et al., 2014).  

To study Non-Carbon Benefits for Effective Implementation of REDD+, four districts were 

considered, namely Dodolla, Harena Buluk, Kokosa and Dolo Mena districts (hereafter referred to 

as by their names). The districts housed conifers, mixed conifers, broadleaved and high forests. 

For the analysis of LULCC the whole ecoregion was considered.  

Two additional study areas were considered to study the Institutional Arrangements for Effective 

Management of Environmental Resources in general and REDD+ implementation. These areas 

were Southern Eco-Region1 (SOER) and Siemen Eco-Region (SER) (Figure 8b). It was necessary 

to extend the study area beyond the BMER since: (i) the house of parliament is composed of 

elected people from the nine NRSs, and, hence, the policies and legislation approved by the house 

of parliament need to address Ethiopia as a whole, and (ii) the high forests in Ethiopia are, mainly, 

found in the two eco-regions, namely south-western and south-eastern Ethiopia, which are, mainly, 

found in the ONRS and SNNPNRS (WBISPP, 2004). Moreover, the Amhara National Regional 

State (ANRS) has unique biodiversity in and around Simien Mountains National Park, among 

other places. Considering theses three NRSs in this study was found necessary than focusing only 

on BMER alone to come up with justifiable argument regarding institutional arrangements for 

environmental resources management, particularly REDD+ implementation. For example, forest 

proclamation relevant to REDD+ implementation cannot be issued only suitable for BMER.  

The mandate to administer environmental resources is vested in the power of NRSs in accordance 

with the Federal Laws enacted at the House of Parliament. House of Representatives (up to 550 

                                                 

1 Eco-regions contain many landscapes with different spatial patterns of ecosystems.  



 

  

 

 39 

 

seats) is the main and the only one institution that has power to approve and disapprove laws 

drafted by the executive. All laws need to be in accordance with the law of the land, the 

Constitution (FDRE, 1995). The members of the parliament are elected every five years within the 

country, from the nine Regional States. At the federal level, the laws are drafted and presented by 

the Ministry of Agriculture and Natural Resources Development (MoNRD), MEFCC, Ministry of 

Water and Electricity, and Ministry of Culture and Tourism for sectors that are within their power. 

Sectors, such as forest, agriculture, water, energy and wildlife are administered at the regional 

bureaus or authorities. NRSs have their own regional parliaments that decide the structure of 

sectors or offices suitable to their own socio-economic and geographic location. Annual budget 

for each sector is determined at the regional level unless it is earmarked from the federal level in 

the form of capital budgets. The sectoral offices at zonal and district levels follow more or less the 

same pattern as that of the regional levels. 

At the federal level, officials in the Natural Resources Sector of the Ministry of Agriculture and 

Natural Resources Development, the Ministry of Environment, Forest and Climate Change, the 

Ethiopian Road Authority, the Ministry of Water, Irrigation and Energy were included for the 

interviews. The zonal offices included in the study from the South-western Eco-Regions were 

Kafa, Shaka, Bench Maji and Illu-Ababora. North Gonder Zone in ANRS was the other zone 

included in the study. The woredas included in the study from the Simien Eco-Regions or North 

Gonder Zone were Debark, Dabat, Janamora and Adiarkay. 

Moreover, experts and, in some cases, officials in some non-governmental organizations (NGOs) 

working in BMER, SOER and SER were interviewed with reference to challenges and major gaps 

in the management of forests in addition to other environmental resources. 

However, additional data were assessed at the federal, regional and, to some extent, zonal levels. 

The current governance structure of Ethiopia follows Federal system. Ethiopia has nine national 

regional states (NRSs) under which there are jurisdictional administrative boundaries called Zones. 
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Under each zone, there are self-administered Districts called ‘Woredas’. The size and number of 

Woredas and zones differ from region to region. 

BMER falls within two main zonal administrations namely, Bale and West-Arsi. The population 

of the two zonal administrations is estimated at 4,208,309 people, of which 50% are female 

(Central Statistics Agency, 2015). The population within the four zones of south-west Ethiopia 

namely, Kafa, Sheka, Bench Maji and Illu-Ababor is 3,603,285 people, of which females comprise 

50.4% (Central Statistics Agency, 2013). The population of the six woredas of North Gonder Zone 

in SER is estimated at 774,619 people of which 50% are female. Fertility rate in the ANRS, ONRS 

and SNNPRS has reached 4.2, 4.8 and 4.5%, respectively (Central Statistics Agency, 2015). 

According to Aalbaek (1993), the vegetation in the SOER found within three seed zones is 

represented by Western Lower Broadleaved Afromontane Rainforest, Central Wet Broadleaved 

Afromontane Rainforest and Eastern Higher Broadleaved Afromontane Rainforest. Recent 

classification indicates that the area falls within two forest types, namely Transitional Rain Forest 

and Moist Evergreen Afromontane Forest (Friis et al., 2011).  

The majority of the SER falls under three major vegetation zones, namely, Tekeze Broadleaved 

Deciduous Woodlands, Western Lowland Broad-Leaved Deciduous Woodland and Western 

Highlands Moist Juniperus Forest (Aalbaek, 1993). Recently, the area is classified as Dry 

Evergreen Afromontane Forest and Grassland Complex (Friis et al., 2011).  

From South West Eco-Region, Illu-Ababor Zone was considered an ideal site for research since 

the zone comprises Regional Forest Priority Areas, such as Yayu, Sele Nono and Saylem 

(MoNRDEP, 1994). The forest resources comprise Coffea arabica L. and other important NTFPs 

that are very important for the livelihoods of the local communities. Because of unique forest and 

biodiversity values for the local economy as well as international significance, Yayu Forest has 

been designated as a UNESCO Biosphere Reserve (UNESCO, 2011). 
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SNNPNRS is also endowed with substantial amount of environmental resources in addition to the 

diverse culture as well as ethnic composition. The forest resources in the south-western parts of 

the country are similar to forests in ONRS. Two forest areas, namely Kafa (UNESCO, 2011) and 

Shaka (UNESCO, 2012) Forests, have been designated as UNESCO Biosphere Reserves. 

The three eco-regions have significant importance for socio-economic development and mitigation 

of climate change through implementation of REDD+. The forest resources provide goods and 

services to rural population who are living in and around the forests. NCBs, such as honey, 

beeswax, gums and resins, spices and condiments are important products harvested, consumed and 

traded in large volumes every year from these eco-regions. REDD+ implementation can determine 

the future use of these NCBs unless they are properly accounted and included in the REDD+ 

negotiation. 

3.2. Methods 

Once the study areas were determined, the following data were gathered: i) data on landuse and 

land cover change for 1985-1995, 1995-2005, 2005-2015 and drivers of the change; ii) within the 

forest data for floristic biodiversity analyses and through household survey data for NCBs 

analyses; iii) limited data from secondary sources for GI review; and iv) data to analyze 

institutional arrangements in terms of roles and responsibilities in the implementation, planning 

and programming, capacity to implement, and motivation of local communities in REDD+ related 

interventions (Figure 9). The primary data were generated using biophysical measurement and 

socio-economic survey. Detail methods employed to answer the specific research objectives or 

questions are presented in sections 3.2.1-3.2.3 consecutively.  

3.2.1. Land Use and Land Cover Change Analysis 

In this study, Landsat images acquired in 1985, 1995, 2005 and 2015 were used. The images, 

which are georeferenced and radiometrically corrected, were accessed from the United States 
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Geological Survey (USGS) website (http://www.usgs.gov, accessed on 11 November 2015). 

Landsat images are medium-resolution remote sensing tools that are used for land use and land 

cover change analyses. 

The Landsat program is the oldest Earth Observation Program, which was started in 1972 (Bakker 

et al., 2001). Of the many applications that Landsat is useful for, mapping of land cover, land use, 

soils and geology is worth noting (Bakker et al., 2001). Thematic Mapper (TM) and Enhanced 

Thematic Mapper (ETM) are the two sensors in Landsat, which have been in use since 1982. 

The sensors are important for LULCC analyses. Obtaining adequate datasets requires the selection 

of type of sensor, relevant wavelength bands, and date(s) of acquisition. Dry season and cloud-free 

images were used since they make conducting the analyses easier. 

The satellite images cover 185 × 185 km with a spatial resolution of 30 m, i.e. a single pixel in the 

image represents 30 × 30 m on the ground. The acquisition dates of the satellite images slightly 

differ within and between years, though the acquisition was carried out within the months of 

December, January and February. 

ENVI 5.0 and ArcGIS 10.0 were used during image processing and classification as well as 

production of the final LULCC maps. The land use and land cover change analysis followed 

standard procedures (Figure 10).  

a. Image Processing 

Satellite images, hereafter images or image, are digital files comprising pixels (picture elements) 

that represent measured local reflectance (emission or backscatter) values in some designated part 

of the electromagnetic spectrum (Bakker et al., 2001). The major image processing steps 

undertaken were image layer stacking, re-sampling and image enhancement of the image dataset, 

which are of utmost importance for LULC analyses. 
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Figure 9. Conceptual framework of showing the logical flow of the study. 

Layer stacking is a method to build a new multiband file from geo-referenced images of various 

pixel sizes, extents and projections. The input bands were re-sampled and re-projected to a 

common user-selected output projection and pixel size. The output file usually has a geographic 

extent that either encompasses all of the input file extents or only the data extent where all of the 

files overlap. 

Accordingly, six bands of the Landsat 7 images (1, 2, 3, 4, 5 and 7) of each year and three bands 

(2, 3 and 4) for Landsat 5 were layer stacked to form one full image with all bands to help the 

interpreter understand all features in the study area. 

The re-sample operation re-samples a raster map from the map’s current geo-reference to another 

target geo-reference (ITC, 2001). The coordinate of each output pixel is used to calculate a new 

value from close-by pixel values in the input map using the nearest neighbor re-sampling method. 
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Nearest neighbor re-sampling uses the digital value from the pixel in the original image that is 

nearest to the new pixel location in the corrected image. This is the simplest method and does not 

alter the original values (Thomas et al., 1987). 

For the improvement of image interpretability, image enhancement is important (Bakker et al., 

2001; ITC, 2001). Image enhancement makes a raw image readily interpretable for a particular 

application (Bakker et al., 2001). False color composite, edge enhancement and linear stretching 

were applied. 

After all the images were corrected in the same way, all scenes from the same year were mosaicked 

together to cover the study area. From the mosaicked image, the portion that fell within the study 

area was extracted (sub setting) to limit the size of the mosaicked image to the size of the study 

area for preliminary classification, field verification, and the processing work to take place at a 

later stage. 

b. Classification 

Unsupervised classification was significantly supported by information derived from earlier 

LULCC analyses and knowledge about the study area (Bakker et al., 2001). Subsequently, 

supervised classification continued. The areas of interest were derived from a literature review, 

general area knowledge and limited field visits. A total of eight land use and land cover classes 

were identified. All eight classes were identified in all images representing the years under 

investigation in a consistent manner. 

Once a preliminary LULC map was produced for each year, a field visit was conducted in January 

2016 to identify the LULC classes on the ground and gather training points in a more robust way. 

The eight classes were identified, namely Afroalpine vegetation, Erica vegetation, forest, 

woodland, shrubland, grassland, farmland and urban settlements. For training points, more than 



 

  

 

 45 

 

  

 

Figure 10. Flow chart showing the procedures employed to arrive at the final LULC map. 

30 samples per LULC class were randomly assigned (Bakker et al., 2001). Simple random 

sampling was employed. Aerial photographs, SPOT images, classifications and descriptions made 

by Woody Biomass Inventory Strategic Planning Project, and data from field observations were 

used to generate reference data. 
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In total, using a handheld Global Positioning System (GPS), 300 sample areas were gathered for 

training and testing. The actual classification was carried out after the training data had been 

established (half of the sample data) and the classification algorithm (Maximum Likelihood 

Classifier) was selected. Maximum Likelihood Classifier uses a parametric statistical approach to 

prepare the probability density distribution functions for each individual class (Thomas et al., 

1987). Hence, the Maximum Likelihood Classifier considers not only the cluster center but also 

its shape, size and orientation (Bakker et al., 2001). The assumption of most Maximum Likelihood 

Classifiers is that the statistics of the clusters have a ‘normal’ (Gaussian) distribution. The data 

collected during the ground truth were stored in Excel and converted to shape files using Arc GIS 

10.0 Software and used for LULC classification, analyses, and accuracy assessments in ENVI 5.0 

version software. 

c. Validation of Results 

Image classification is based on samples of the classes; hence, the quality should be checked and 

quantified (Bakker et al., 2001). Classification results and the data on LULC brought from the field 

were compared. 

Historical aerial photographs and SPOT 5 images (panchromatic—5 m resolution) acquired on 

(2006/7) were obtained from the Ethiopian Mapping Agency (EMA) for use as reference data to 

evaluate the accuracy of 1985 and 2005 Landsat image classifications, respectively. The 1995 

classification was validated using Woody Biomass Inventory and Strategic Planning Project 

(WBISPP) data to study LULCC over the area. The accuracy of the 2015 classification was 

assessed using ground data collected separately. 

Comparison was carried out by creating an error matrix, as discussed by Bakker et al., (2001, p. 

161). Testing data (the other half of the sample points) were used to assess the accuracy of the 

final classification. Accuracy assessment is a measure of similarity of an estimate to the true value 

(Thomas et al., 1987). The accuracy (overall, producer’s and user’s) was calculated for each class 
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per year. The overall accuracies of these classifications were 85.2, 87.2, 76.9, and 87.9% for 1985, 

1995, 2005, and 2015, respectively (Table 2).  

Table 2.  Error matrix with derived errors and accuracies for the years 1985 (a) and 2015 (b) in percentages. 

(a) Reference Data 

Class 
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Erica-dominated 
90.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 

Farmland 0.0 95.0 0.0 5.0 0.0 0.0 0.0 0.0 10.2 

Grassland 0.0 0.0 70.0 10.0 9.6 0.0 0.0 13.3 13.7 

Shrubland 10.0 0.0 10.0 80.0 1.9 5.0 0.0 4.4 11.7 

Urban 0.0 0.0 15.0 5.0 71.2 0.0 0.0 8.9 22.8 

Woodlands 0.0 0.0 0.0 0.0 0.0 95.0 0.0 0.0 9.6 

Afroalpine 0.0 0.0 0.0 0.0 3.9 0.0 100.0 0.0 6.1 

Forest 0.0 5.0 5.0 0.0 13.5 0.0 0.0 73.3 21.3 

Total 100 100 100 100 100 100 100 100 100 
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Erica 0.0 10.0 90.0 100.0 

     
Farmland 5.0 5.0 95.0 95.0 

     
Grassland 48.2 30.0 70.0 51.9 

     
Shrubland 30.4 20.0 80.0 69.6 

     
Urban 17.8 28.9 71.2 82.2 

     
Woodlands 0.0 5.0 95.0 100.0 

     
Afroalpine 16.7 0.0 100.0 83.3 

     
Forest 21.4 26.7 73.3 78.6 

     
Overall Accuracy = 85. 2%, Kappa Coefficient = 0.82   
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(b) Reference Data 

Class 
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Erica-dominated 96.8 2.0 0.0 0.0 2.9 4.4 0.0 0.0 6.3 

Farmland 0.0 98.0 0.0 0.0 0.0 0.0 0.0 0.0 24.3 

Afroalpine 0.0 0.0 97.2 0.8 1.0 0.0 0.0 0.0 6.1 

Forest 0.0 0.0 0.0 75.0 1.0 2.2 1.7 0.0 15.9 

Grassland 3.2 0.0 0.0 10.5 89.2 6.5 6.7 1.8 18.7 

Shrubland 0.0 0.0 0.0 6.5 2.0 73.9 6.7 3.6 8.3 

Urban 0.0 0.0 0.0 7.3 1.0 4.4 83.3 1.8 10.4 

Woodlands 0.0 0.0 0.0 0.0 2.0 8.7 0.0 92.7 9.4 

Total 100 100 100 100 100 100 100 100 100 
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Erica-dominated 21.1 3.2 96.8 79.0 

     
Farmland 0.0 2.0 98.0 100.0 

     
Afroalpine 5.4 2.8 97.2 94.6 

     
Forest 3.1 25.0 75.0 96.9 

     
Grassland 19.5 10.8 89.2 80.5 

     
Shrubland 32.0 26.1 73.9 68.0 

     
Urban 20.6 16.7 83.3 79.4 

     
Woodland 10.5 7.3 92.7 89.5 

     

Overall Accuracy = 87.9%, Kappa Coefficient = 0.86 
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BMER encompasses a very large area, as a result of which diverse soil types, topography, 

altitudinal variation, and vegetation density exist. In such a situation, classification becomes 

difficult since a particular land cover, for example grassland, may depict different spectral 

signatures in the feature space, which is influenced by the agro-ecology in which the particular 

land cover is found (Bakker et al., 2001; Foody, 2002).  

d. Post-Classification 

The purpose of this post-classification was to arrive at the LULCC for the two periods under 

investigation, i.e. 1985 and 2015. LULCC was estimated following a similar approach to that 

employed by Kidane et al. (2012) for BMNP and Kindu et al. (2013) for the Munessa-Shashemene 

landscape. Xiuwan (2010) also recommended post-classification as an appropriate mechanism to 

analyze LULCC provided sufficient training sample data were available for a detailed ‘from–to’ 

detection, hence, post-classification comparison was implemented (Lu et al., 2003). ENVI change 

detection statistics tool (post-classification) was used to compare change detection between pairs 

of consecutive classified images. Accordingly, the years 1985 and 1995, 1995 and 2005, 2005 and 

2015 as well as 1985 and 2015 were compared using a change detection matrix. 

e. Carbon Stock Loss 

The carbon stocks loss as a result of deforestation from forest and shrubland over the study periods 

was estimated by considering values estimated by OFWE et al. (2014) for moist and dry forests in 

the eco-region and estimates made by Nune et al. (2013), respectively. OFWE et al. (2014) have 

reported aboveground biomass carbon stocks of 191.28 and 126.71 t C ha−1 for moist and dry 

forests, respectively. The carbon stock removed from the deforested area within the study period 

was estimated by using the mean values of carbon stocks estimated for moist and dry forests by 

OFWE et al. (2014). Nune et al. (2013) estimated 36.67 t C ha−1 in shrublands of Ethiopia.  
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f. Management of Supportive Socioeconomic Data 

Earlier studies in BMER showed that farmland expansion and population growth were the main 

drivers of LULCC (Kidane et al. 2012; Warra et al., 2013; OFWE et al. 2014). In our study, we 

considered crop production and human and livestock population growth to see if there was any 

correlation with LULCC. We used data from published reports of the Central Statistics Agency 

for the period between 1986 and 2014. Within this period, data for the years 2001, 2002, 2009, 

1993, 1995, and 1996 were missing. However, we extrapolated the data using trend analysis in 

MINITAB 14. These data refer to areas (ha) occupied by cereals, pulses and oil crops in the Bale 

Zone. The population data refer to males and females of all age groups and include urban and rural 

populations. 

3.2.2. Non-carbon benefits for effective management of REDD+ 

Various methods were employed to investigate the relationships between different woody species 

diversity indices and carbon stock as well as the non-carbon benefits obtained by the local 

communities from the natural forests in the study area. 

a. Relationships between different woody species diversity indices and carbon stock 

To investigate the relationships between different woody species diversity indices and carbon 

stock, the dataset collected during the forest inventory carried out by FARM Africa (with written 

permission to use the data from FARM Africa) in the study forest resources in 2013 was used. 

Total inventory of the study area is impossible because of time and financial constraints. Rather, 

sample areas were considered to get reliable and realistic data that are representative of various 

communities or land covers under consideration. In this study random sampling was employed. 

This procedure, in most instances, increases the quantity of information for a given cost (Loetsch 

and Haller 1973).  The number of samples were determined using standard methods described in 
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Moore and McCabe, 2003, and the sample points were allocated using proportional allocation 

method.  

To determine species richness, diversity, densities, frequencies, dominance and, hence, important 

value indices of woody species as well as their carbon stock, a total of 28 square quadrats 

measuring 100 x 100 m (10,000 m2) were laid down randomly. In each of the quadrats, the 

following parameters were recorded: identity of all woody species, number of all live individuals 

and diameter at breast height (DBH) of individuals with DBH > 5 cm of each woody species. A 

caliper and Spiegel Relaskop were used to measure DBH and height, respectively, of the woody 

species.  

b. Non-Carbon Benefits 

To investigate the types, quantities and values of non-carbon benefits obtained by the local 

communities from the forest resources, household surveys (HHSs) and focus group discussions 

(FGD) were undertaken.  

Household survey: To determine the number of households for the HHSs, the coefficient of 

variation (CV) was calculated using data from a study carried out on maize production per 

household in the BMER in 2013. A total of 223 households within the four districts (Dodolla, 

Harena Buluk, Nansebo and Dolo Mena) indicated above were considered to estimate the 

coefficient of variation (CV) in production. The mean production was about 10 quintals per 

household. The standard deviation was approximately 11. Using these two figures, the CV was 

calculated as 91%. Accordingly, the numbers of sample households for this study were determined 

using the following formula (Loetsch and Haller, 1973; Moore and McCabe, 2002): 

                                                       𝒏 =
𝒄𝒗𝟐 𝐗  𝒕𝟐

𝒆𝟐
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where, n = number of sample households; cv = coefficient of variation; t = Student’s – t and the 

value of 2 is considered; e = allowable error (10% allowable error was considered).   

Using the above formula, the total number of sample households required for the HHSs was 331. 

According to the Ethiopian Central Statistics Agency, there are about 414 kebeles, including towns 

in the BMER, and the number of kebeles in each district varies. There are 67 kebeles in the four 

study districts of which 12 (18%) were considered as representative for the study. The 331 sample 

households were distributed randomly over the 12 kebeles proportional to the number of kebeles 

in the four districts.  However, during the actual visits, some households were found abandoned 

due to one or the other reason. Hence, the total number of households used in the survey was 321 

rather than 331. Accordingly, 99, 77, 76 and 69 households were interviewed in Dodolla, 

Dolomena, Nansebo and Harena Buluk districts, respectively. 

The HHSs were carried out by using a questionnaire developed for the purpose. The questionnaire 

covered issues pertaining to livelihood situation, annual income of households, and their relation 

with forests, duration of households visits to forests to get products or non-carbon benefits, 

duration or number of days that livestock feeds in the forest within a year and other relevant 

information. 

During the survey, two major research questions were addressed: (i) what are the most important 

forest products for local communities? (ii) What is the contribution of forests to the local economy? 

In this study, local economy refers to the sum of total income obtained by the households in the 

study area. Hence, the non-carbon benefits of the forests, such as water, watershed protection and 

other intangible non-carbon benefits were not considered. Values of forage obtained from the 

forests were estimated roughly. 

The volume of forest products and kinds of non-carbon benefits obtained by each respondent 

household were assessed using semi structured questionnaires. Likewise, an attempt to assess 

revenue generated from crop production and livestock production was made. Each respondent was 
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asked what non-carbon benefits he/she collects from the forest every day, every week or at any 

regular interval. The respondent also estimated the harvested or collected forest service and 

product into monetary value using the local market price.  

Focus group discussion: The focus group discussion (FGD) was conducted in addition to the HHS. 

The FGD was conducted in each sample kebele. A FGD has particular advantage to get qualitative 

data or information. The discussion focused on various issues concerning the environment, 

REDD+, crop production, livestock production, tangible and intangible benefits from forest 

resources for which a list of lead topics/questions were prepared well ahead of the discussions. 

The discussion on environment focused on situations of forest, land, air, water and wildlife in the 

study areas or their vicinity. Past and present situations were addressed and the understanding of 

REDD+ of members of the FGD was captured. The discussion on production of major crops and 

livestock focused on types of crops grown and animals reared, type of inputs used, costs of 

production and input as well as market value per unit measurement. The discussion on tangible 

and intangible benefits from forest resources focused on products and non-carbon benefits that the 

groups get from the forest. Information on the most important forest products for market was 

gathered. 

b. Species richness, diversity and evenness 

Species richness of the study districts was determined from the total number of woody species 

recorded in each of the districts. It does not take into account the proportion and distribution of 

each species at the project sites (Neelo et al., 2013). 

Diversity and evenness of all woody species in each district were determined using the Shannon-

Wiener diversity (H’) and evenness (E) indices (Krebs, 1989; Magurran, 2004; Zerihun, 2012). 

The indices were computed using the following formulas: 
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𝐇 =  − 𝑷𝒊 𝐥𝐧 𝑷𝒊

𝑺

𝒊 𝟏

 

where H’ = Shannon-Wiener diversity index and Pi = the proportion of individuals found in the ith 

woody species: 

𝐸 =
𝐻′

𝐻 𝑚𝑎𝑥
=

𝐻′

ln 𝑠
 

where E = evenness, Hmax = maximum level of diversity possible within a given population, which 

equals the logarithm of the number of species recorded in the site. 

c. Similarity in species composition 

 Jaccard’s similarity coefficient (J) (Krebs, 1989) was used to compute similarity in the 

composition of woody species between the study districts using the following formula: 

𝐽 =
𝐶

𝐴 + 𝐵 + 𝐶
 

where, J = Jaccard’s similarity coefficient, C = the number of woody species common to both 

districts, A = the number of woody species present in one of the districts to be compared and B is 

the number of woody species present in the other district. 

The values of J range between 0 and 1, 0 indicating complete dissimilarity and 1 indicating 

complete similarity in woody species composition (Krebs, 1989; Kent and Coker, 1992). 

d. Density, frequency and dominance 

Density was calculated by converting the total number of individuals of each species to equivalent 

numbers per hectare (absolute density), and as the percentage of the absolute density of each 

species divided by the total stem number of all species ha-1 (relative density). Frequency 
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distribution of each species was determined from the number of plots in which the species was 

recorded (absolute frequency), and as a percentage (relative frequency) by dividing the absolute 

frequency of the species by the sum of the absolute frequencies of all the species. The absolute 

dominance of woody species with DBH > 2.5 cm was determined from summing the basal area 

(BA) of all individuals of a species. Relative dominance was calculated as the percentage of the 

BA of a species divided by the total BA of all species (Neelo et al., 2015). 

e. Importance value index 

The relative ecological importance of each woody species, commonly referred to as important 

value index (IVI), was determined by summing its relative frequency, relative density and relative 

dominance (Kent and Coker, 1992). 

f. Carbon Stock 

Carbon stock is the quantity of carbon in a given pool or pools per unit area (Pearson et al., 2005). 

In this study, above ground biomass of woody species encountered in the plots was considered as 

the carbon pool. Carbon stock was estimated using the DBH of all individuals of all woody species 

having DBH 5 cm and above. For the estimation of carbon stock, the following algorithms, which 

are applicable for tropical moist and dry deciduous forests were used (Chave et al., 2005): 

𝑏𝑖𝑜𝑚𝑎𝑠𝑠 (𝑘𝑔) = 𝑊𝐷 x 𝐸𝑋𝑃(−1.499 + (2.148 x 𝐿𝑁(𝑑𝑏ℎ) + 0.207 x 𝐿𝑁(𝑑𝑏ℎ) − 0.0281(𝐿𝑁(𝑑𝑏ℎ)) )) 

(for moist forests). 

𝑏𝑖𝑜𝑚𝑎𝑠𝑠(𝑘𝑔) = 𝑊𝐷 x 𝐸𝑋𝑃(−0.667 + (1.784 x 𝐿𝑁(𝑑𝑏ℎ) + 0.207 x 𝐿𝑁(𝑑𝑏ℎ) − 0.0281(𝐿𝑁(𝑑𝑏ℎ) )) 

(For dry forest). 

Carbon stock = biomass x 0.5 
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g. estimating Tropical Livestock Unit in the Forest 

Forage consumption depends on the number of days the cattle stay in the forest. Total forage 

consumed can be estimated from these numbers of days. Then, the contribution of forests to 

livestock can be estimated. The households reported the number of days their cattle stay in the 

forest per year. The dates are grouped into the four districts and, then, ANOVA was undertaken. 

The number of livestock in the surveyed households that stay in the forest was estimated. The 

number was converted to tropical livestock unit (TLU) (Figure 11). Then the TLU was multiplied 

by 6.25 kg to estimate the amount of forage consumed everyday by the livestock. Mean TLU per 

household was estimated and it varied from 0.678 to 3.011. This figure refers TLU relevant to 

forest grazing. Otherwise, Woody Biomass Inventory Strategic Planning Project (WBISPP, 2005) 

reported that TLU per farmer in Arsi and Bale Zones is 5.4 and 6.1, respectively. 

To estimate the value of forage, getting recent data on price of forage from forest was not possible. 

Market price is available from 2007 studied by International Livestock Research Institute. This 

market price covers for teff [Eragrostis tef (Zucc.) Trotter] straw, barely/wheat straw, sorghum 

and hay. According to the study, the prices of one kilogram of teff straw, barley/wheat straw, 

sorghum and hay were Ethiopian Birr (ETB) 2.00, 0.6 to 1.00, 0.65 and 1.66, respectively in 

Sululta (Gebremedhin et al., 2009). 
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Figure 11. Procedure employed in estimating TLU in forest. 

The forest non-carbon benefits considered are fuelwood, construction material, forage, forest 

coffee and forest honey. Local economy in this context is the aggregated economy of each 

household in the BMER. Therefore, the contribution of forest non-carbon benefits to each 

household can be aggregated to the local economy. In each surveyed household, the forest products 

and non-carbon benefits harvested annually were estimated. The volume harvested was valued 

using local market price that was given by the respondent. Similarly, production and transport cost 

of the products and non-carbon benefits were estimated based on the information from the 

respondent. Then, the difference was considered as net income to the household. 

To estimate contribution of non-carbon benefits to each household, a rapid appraisal of each 

product collected from the forest was carried out based on local market prices. Similar accounting 

was also made to crop and livestock production in the study districts. 

Household respondents were also asked to identify the most important forest services. The 

responses were grouped into two-way table and the analysis was conducted accordingly. To test 

total dry matter consumed

multiplied by 2 ETB total value contributed 
by forest

Tropical livestock unit in each hh

multiplied by 6.25

Number of livestock graze in the forest

Total number (from survey) multiplied by 0.7

1 TLU is equivalent to 250kg 

(Mengistu, 2003) 

A cattle in Africa is equivalent to 

0.7 TLU. A sheep and Got are 

0.1TLU each (Naazie & Smith, 

1997)  

I TLU consumes 6.25kg dry 

matter (Naazie & Smith, 1997) 
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the presence of differences in the use of forest non-carbon benefits by the different respondent 

households in the study areas, a Chi-square test was conducted. Chi-square test was used to 

determine whether there was a significant difference between the expected frequencies and the 

observed frequencies in one or more categories (Moore and McCabe, 2002). The share of forest 

contribution to each household was calculated as: 

𝐹𝑜𝑟𝑒𝑠𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑡𝑜 𝑒𝑎𝑐ℎ ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 =
𝐴

𝐴 + 𝐵 + 𝐶
 

where, a = income generated from forest, b = income generated from crop production, c = income 

generated from livestock.  

Mean contribution of forest in each household per district was estimated. Confidence interval at 

95% for each district was estimated using bootstrap in SPSS 20. 

Summaries from each FGD were compiled and synthesized to draw conclusions.  

3.2.3. Institutional Arrangements and Management of Environmental Resources in Ethiopia 

The concept of institution ranges from House of Parliament to single households. Households are 

a basic institution in every society although the exact form differs across time and location (Doss 

& Meinzen-Dick, 2015). In this study, investigation on institutional arrangements in relation to 

roles and responsibilities, planning and programming, capacity for the formulation of policies, 

proclamations and regulations, strategy development and implementation of programs and projects 

was made. The House of Parliament and households were not included in the study. The reasons 

for not including them is because formulation of policies, proclamations, and regulations, etc. are 

drafted and implemented, after issued, by sector ministries and regional sector offices, 

respectively. CBOs are important institutions, though informal, to implement projects and 

programmes of environmental resources. In this study, forest is considered as one of the 

environmental resources, which has also implications to REDD+ implementation.  
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To carry out the study, a semi-structured, mostly closed questions, and, in few cases, open-ended 

questionnaire was prepared and tested before it was administered. In BMER, all Woredas 

responsible for the management of forests were included in the study. Responsible persons in 

sectoral offices relevant to the management of the environmental resources, namely Offices of 

Water, Irrigation and Energy, Offices of Land and Environment, Offices of Woreda 

Administration and Offices of Agriculture were requested to fill the questionnaire. In total, 40 

questionnaires were completed in the 16 Woredas. In addition, more than 40 respondents of 

various senior experts and higher government officials were communicated to fill the questionnaire 

through their e-mail addresses. However, only 16 respondents completed and returned the 

questionnaire. In addition to the experts and officials, three State Ministers completed the 

questionnaire. All in all, 56 respondents have completed the questionnaire and returned it to the 

researchers (see Table 3 for some of the topics covered in the research). 

To obtain the respondents, purposeful sampling was chosen for the study since the method enables 

to obtain accurate data and information from targeted sector ministries, bureaus, departments and 

offices. Targeted knowledgeable individuals were also selected and interviewed to obtain their 

thinking related to the study, for example, higher government officials. The purposive sampling 

technique is a type of non-probability sampling that is most effective when one needs to study a 

certain cultural domain with knowledgeable experts within (Tongco, 2007).  

A number of topics were investigated to address the four research questions (Table 3). Whenever 

possible officials, otherwise experts at the regional level Bureau of Water, Irrigation and Energy 

(alternative energy sector), Bureau of Agriculture (natural resources sector) and Bureau of 

Environment and Land were interviewed. The interview was focused on the capacity of the 

government responsible offices to administer the ERs in general and forest and forest resources in 

particular, main gaps to fully discharge responsibilities, the state of coordination and synergy, and 

the issue of staff turnover. 
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Table 3. Research questions and topics of focus 

Research question Topics of focus 

1. Do all sector offices feel to 
have rights and responsibilities 
in the management of 
environmental resources (ERs) 
(at all level)? 

 sector offices perception on rights and responsibilities;  

 the level at which their rights and responsibilities lay; 

 level at which decisions are made; and 

 whose rights matter most in the management of ERs;  

 whether there is necessity to establishing more community-based 
organizations (CBOs) and strengthen the same for effective management of 
ERs so that administrative burden on woredas and authorities at higher 
levels shall be minimized. 

2. Is there robust planning 
system within ERCM 
Institutions? 

 if annual plans of one sector considered other environmental resources of 
other institutions; 

 whether consultation mechanism exists where one sector consults other 
sectors before that sector decides its annual plan or any programme; 

 whether the existing planning and programming addresses the interests of 
actors in a landscape; 

 if constraints exist to have common result framework for all environmental 
resources; and 

 existence of satisfactory planning and programming to respond to the ever-
increasing climate change and demands of society. 

3. Are the existing institutions 
capable of tackling the ever-
increasing climate change and 
population growth, and meet 
the demands of the society? 

 if existing policies relevant to ERs can respond to the interest of actors in a 
given landscape; 

 presence of performance measurement system to evaluate policies, 
strategies and woreda plan implementation; 

 whether or not environmental impact assessment (EIA) is fully 
implemented while specific projects and programmes are implemented; 
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 if the offices have capabilities to control negative impacts on wildlife, 
forests, soils and water; 

 if Ethiopia has skilled spatial planners with ability to engage at all levels of 
development to deal with participation, consultation, representation and 
appeal; 

 if staff turnover is really a problem to limit the capacity of an institution; 

 institutional strength to enforce land use policies, the effectiveness of the 
land use and environmental protection departments in the eyes of the 
sectoral offices were assessed; 

 their views on whether or not paying just salary rather than rewards for the 
achievement make experts and responsible individuals in the ERCM lazy 
and if better payment for results achieved would improve the deliverables 
in any organization were assessed. 

4. What motivates local 
communities to engage in 
environmental resources 
management in a landscape? 

 incentives or penalties that motivate CBOs to discharge their 
responsibilities effectively; 

 consequences if a member household is absent from regular meetings; 

 frequency of community consultation whenever projects and programmes 
are implemented on matters that affects (positive or negative) the 
environment; and 

 similar to land certification - would forest, wildlife and wetland certification 
for communities help to improve the sustainable use of ERCM? 

 

Moreover, Focus Group Discussion (FDG) was conducted in which open ended questions were 

prepared and used. The focus group discussion helped to triangulate responses from 56 

questionnaires.  

With regards to FGDs, a total of 48 were conducted, and the discussions were made with only 

responsible Bureaus, Departments and Offices (focused on implementing entities) at regions, 

zones and woredas respectively (Figure 12). The number of FGD conducted in each study area 

was the following: five in Bale; four in West Arsi; six in Kafa; five in Shaka; four in Bench Maji; 
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two in SNNPNRS; 2 in ONRS; three in ANRS; two in Gonde Zone; four in Debark; three in Dabat; 

three in Janamora, three in Adiarkay; and two in Telemt. 

 

Figure 12. Governance structure of formal institutions managing ERs. 

At the regional levels, officials/experts in the Bureaus of Water, Irrigation and Energy and 

Agriculture as well as Zonal Departments of Water, Irrigation and Energy, Agriculture and 

Marketing Cooperation were interviewed. 

Departments responsible for ERCM in Bale and West Arsi Zones were visited for intensive face-

to-face discussion (FGD). Offices included were Departments of Water, Irrigation and Energy (on 

energy), Department of Agriculture and Department of Environmental and Land Administration, 

and the Oromia Forest and Wildlife Enterprise. 

3.2.4. Green Infrastructure  

Several grey literatures and few per-reviewed articles, references from internet and personal 

experiences were used as input in the preparation of a review paper. The review assessed current 

practice relevant to GI in urban centers of BMER as well as in Ethiopia. Since GI is an emerging 

concept, most of the assessment was limited to literature review. 
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Very limited data on population, housing facilities, and biomass energy consumption for major 

towns in the BMER were compiled. Apart from that, it was not possible to get any data relevant 

to GI in those towns. The number of persons using open defecation in BMER urban centers was 

estimated at 19.2% (CSA, 2004). To estimate per capita waste generated, the average value of 0.3 

kg-1 person-1 day-1 was used (MEFCC, 2015). A per capita biomass energy consumption of 1.16 

m3 was considered to estimate biomass energy demand for the towns in the BMER ( Ministry of 

Natural Resources Development and Environmental Protection, 1994).   

Two main outputs of the review were presented to different audiences. A paper under title “Urban 

Green infrastructure as part of Landscape Approach” was prepared and presented to the Centre for 

Environmental Science at Addis Ababa University- as one of the Seminars- and the presentation 

was well received by the participants. Another presentation under the title “Green infrastructure: 

reference to green corridors in resilient landscape” was prepared and presented on 11 July 2017 at 

Hilton Hotel to experts and decision makers drawn from Government of Ethiopia’s Ministry of 

Agriculture and Natural Resources and regional counterparts, GIZ-SLM, the World Bank, 

Embassy of Norway, Embassy of Sweden, ICRAF, and other NGOS. The final decision was that 

the concept was very much appreciated by the participants and decided to consider Green 

infrastructure in to the Government new project called Resilient Landscape and Livelihood Project 

which will be implemented within more than 190 watersheds in six regional states of Ethiopia.   

Major findings of the review are presented under result section. 

3.2.5. Data Analyses 

For each study, different data analyses were employed, but most of them are discussed above. The 

following additional information are presented for clarification. 

Microsoft Excel was used to organize results of the three major studies. Using MINITAB 14 and 

SPSS 20, trend analyses of LULCC, particularly in forest, farmland, shrubland and grassland as 
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well as correlations between different LULC changes were conducted. Furthermore, trend analyses 

of crop land area expansion, and human and livestock growth was conducted. Correlations between 

cropland from the Central Statistics Agency results and farmland from LULCC analyses were 

identified. Overall, a change matrix was constructed to understand or observe the magnitude of 

change between different LULC classes 

Similarly, different tests of significance using chi-square and ANOVA methods were conducted 

for the three studies.   

The data analyses employed in the Institutional Arrangements involved two steps. In the first step, 

the responses were organized under the four main research questions. The respondents that replied 

“Yes” were grouped under one category and those who replied “No” in another category followed 

by calculation of the percentiles from these responses. The second step involved the use of a two-

way table of counts, which helps to organize data about two categorical variables. The two-way 

tables are often used to summarize large amounts of data by grouping outcomes into categories 

(Moore & McCabe, 2002). Then, the Chi-square test was undertaken. The Chi-square statistics 

(𝑋 ) is a measure of how much the observed cell counts in a two-way table diverge from the 

expected cell counts. The following formula was used in the Chi-square test (Moore & McCabe, 

2002): 

𝑋 =
(𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑜𝑢𝑛𝑡 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑢𝑛𝑡)

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑜𝑢𝑛𝑡
 

If the expected and observed counts are very different, a large value of 𝑋  will result. Large value 

of 𝑋  provides evidence against the null hypothesis (Moore & McCabe, 2002). Once the value is 

estimated,  𝑋 critical value from the Chi-square table shall be used to find a P-value. Then, 

conclusion about the association between the row and column variables shall be drawn. Whenever 

applicable, a one-way Analysis of Variance (ANOVA) was conducted to assess whether the 

observed difference among sample means were statistically significant (Moore & McCabe, 2002). 
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Moreover, limited factor analysis was undertaken. The goal of factor analysis is to find a small 

number of factors, or unobservable variables that explains most of the data variability and yet 

makes contextual sense (Suhr, 2005).  

Plant nomenclature used in this thesis follow those in Hedberg and Edwards (1989, 1995), 

Edwards et al. (1995), Edwards et al. (1997), Edwards et al. (2000), and Hedberg et al. (2006).  
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CHAPTER 4. RESULTS 

4.1. LULC Change 

One of the key exercises in our work was conducting 30 years of trend analyses of land use and 

land cover change in the Bale eco-region. In general, agriculture land expansion primarily caused 

forest loss, which was driven by indirect causes, such as population growth and limited expansion 

of settlements. The share of forest cover during the study period (1985–2015) exhibited a 

downward trend from 20.82 to 17.54% (Table 4, Figure 13). On the contrary, farmlands expanded 

from 15.43 in 1985 to 23.19% in 2015.  

Table 4. LULC change observed in BMER during 1985–2015 

LULCC Type 1985 1995 2005 2015 
Area  
(ha) 

Proportion  
(%) 

Area  
(ha) 

Proportion  
(%) 

Area  
(ha) 

Proportion  
(%) 

Area  
(ha) 

Proportion  
(%) 

Afroalpine 33,270 0.9 33,176 0.9 33,060 0.9 29,816 0.8 
Erica- 
Dominated 

90,427 2.4 90,066 2.4 89,993 2.4 87,955 2.3 

Farmland 581,377 15.4 631,648 16.8 770,352 20.5 873,672 23.2 
Forest 784,420 20.8 775,253 20.6 707,427 18.8 660,669 17.5 
Grassland 718,802 19.1 699,546 18.6 688,081 18.3 635,644 16.9 
Shrubland 686,762 18.2 664,726 17.6 603,911 16.0 593,683 15.8 
Urban  
Settlements 

9,342 0.02 10,846 0.1 14,528 0.1 26,564 0.7 

Woodland 863,022 22.9 862,162 22.9 860,072 22.8 859,421 22.8 
Total 3,767,422 100 3,767,422 100 3,767,422 100 3,767,422 100 

 

4.1.1. Changes Observed in the Different LULCC Types 

In general, out of the eight LULCC types identified in the study area, only two, namely farmland 

and urban settlements, showed growth over the 31-year study period while the rest declined in 

their cover (Figures 13 &14). Between 1995 and 2005, large areas of forests and shrubland were 

converted to other LULCC while grasslands lost substantial area between 2005 and 2015 (Table 

4). 
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Figure 13. LULC Change in BMER during 1985-2015 

The downward trends observed (Figure 13) in the forest, grassland and shrubland LULCC types 

during the study period are higher than for the other three LULCC types that showed moderate 

loss, namely, Afroalpine, Erica-dominated and woodland LULCC types. The results from the 

Linear Trend Analyses for 1985–2015 indicated that, on average, the annual changes of forest, 

farmland, shrubland and grassland LULCC types were −4661, 10575, −3703 and −2444 ha, 

respectively. 
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The highest correlation (negative) was found between farmland and forest LULCC types, and the 

Pearson Correlation value was −0.997. The correlation coefficient with bootstrapped confidence 

interval at 95% was between −0.999 and −0.996. Similarly, the correlation between farmland and 

shrubland LULCC types was −0.982, and the correlation coefficient with bootstrapped confidence 

interval at 95% was between −0.991 and −0.974.  The correlation between farmland and grassland 

was −0.955, and the correlation coefficient with bootstrapped confidence interval at 95% was 

between −0.976 and −0.931. In all cases, Pearson correlation (two tailed) was significant at the 

0.01 level. 

 

 
(a) 

 
(b) 

Figure 14. A comparative map showing the actual LULC changes in BMER in 1985 (a) and 2015 (b). 

Forest cover loss until 1995 was less than 1000 ha per year while after 1995 it increased to an 

annual loss of more than 5700 ha. The average annual loss of forest between 1985 and 2015 was 

more than 4500 ha. Farmland gained 50,271 ha between 1985 and 1995 (Table 4). Between 2005 
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and 2015, the gain of farmland was estimated at 103,320 ha. However, the average area added to 

farmland annually was estimated at about 10,575 ha. 

Table 5. Extent of LULC changes (area in ha) during 1985-2015. 

LULC Type 1985 - 1995 1995 - 2005 2005 -2015 

Afroalpine - 94 - 116 - 3245 
Erica-dominated - 362 - 73 - 2038 
Farmland 50271 138703 103320 
Forest - 9167 - 67827 - 46757 
Grassland - 19256 - 11465 - 52437 
Shrubland - 22036 - 60815 - 10227 
Urban Settlements 1504 3683 12036 
Woodlands -860 - 2090 - 651 

  

Shrubland also showed a similar trend to forests around 1995. Approximate annual losses of 

shrubland from 1985 to 1995, 1995 to 2005 and 2005 to 2015 were 2204, 6081 and 1023 ha, 

respectively (Table 5). Patterns of loss of cover of grassland changed after 2006. Until 2005, the 

estimated annual loss of the area covered by grassland was 1536 ha, which increased to 5244 ha 

between 2005 and 2015. 

Most of the area lost from forests, grassland and shrubland was converted to farmland. Between 

1985 and 1995, the estimated 50,271 ha of new farmland was gained from forest (37.6%), 

shrubland (35.9%) and grassland (16%). In the following 10 years (up to 2005), farmland gained 

an estimated area of 138,703 ha from forest (48%) and shrubland (43%) However, between 2005 

and 2015, the area conversion from shrubland to farmland declined to 9%. During the same period, 

forests and grassland were converted to farmland at more or less the same magnitude, i.e. 43.2% 

and 42.3%, respectively.  
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Within the study period (1985–2015), the total area of forests, shrubland and grassland converted 

to farmland was estimated at about 123,751.00, 93,078.00 and 83,158.00 ha, respectively. During 

the same period, farmland gained about 292,294.00 ha (Figure 15). 

 

(a) 

 

(b) 

Figure 15. Deforestation (a) and farmland expansion (b) in BMER between 1985 and 2015. 

4.1.2. Change Detection Matrix 

The change detection matrixes for the periods 1985–1995, 1995–2005 and 2005–2015 were treated 

separately. The change detection matrix highlights that farmland gained land from all other 

LULCC except urban settlement (Table 6). As indicated above, the largest area cover gain of 

farmland was obtained from forests. The matrix also shows that urban settlement gained land from 

farmland, grassland and shrubland. 
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Table 6. Change matrix of LULCC types between 1985 and 2015 

  LULC Type Initial area (ha) (1985) of LULCC Type 

 
 
 
 
 
 
 
Final state  
(2015) 
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Afroalpine 29816 0 0 0 0 0 0 0 
Erica- 
Dominated 0 87955 0 0 0 0 0 0 
Farmland 3455 2473 292294 123751 74246 92577 0 3601 
Forest 0 0 0 660669 0 0 0 0 
Grasslands 0 0 0 0 635644 0 0 0 
Shrub lands 0 0 0 13 0 593683 0 15 
Urban settlements 0 0 7807 0 8912 501 17222 0 
Woodlands 0 0 0 0 0 0 0 859420 

  Total 29816 87955 873671 660669 635644 593683 26564 859420 
 Total 1985 33270 90427 581377 784420 718802 686762 9342 863022 

 

Comparatively, areas covered by Afroalpine, Erica and woodland LULCC types were less affected 

(Figure 13 and 14). This can be attributed to the fact that Afroalpine and Erica-dominated LULCC 

types are less favorable for crop production due to the high altitudes in which they are found. 

Moreover, the Erica-dominated and Afroalpine vegetation zones are under the management and 

protection of the Bale Mountains National Park (BMNP) administration. The land occupied by 

woodlands is mostly used by the pastoralist communities in the lowland part of the BMER where 

agriculture investments and settlements (formal or informal) are not common owing to the dry 

agro-ecology, among other factors.   

The highest loss was recorded in forests, shrubland and grassland (Table 5) since they are favorable 

for farming in the BMER, depending on the availability of water for irrigation. 
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4.1.3. Major Drivers of the LULC Changes/Deforestation 

The socio-economic data from Central Statistics Agency regarding area occupied by crops 

(cereals, pulses and oil seeds) in the Bale Zone alone showed an increase from 61,290 ha in 1986 

to 376,639 ha in 2014 (Figure 16). Therefore, the area of farmland estimated using remote sensing 

and GIS, and the annual crop production area reported by Central Statistics Agency, have a positive 

correlation of 0.81. The correlation coefficient with a bootstrapped confidence interval at 95% was 

between 0.682 and 0.954. Correlations between farmland with cereals, pulses and oilseeds were 

0.825, 0.719 and 0.633, respectively. Relatively, the strongest correlation existed between area of 

farmlands and cereal production. 

   

 
(a) 

 
(b) 

Figure 16. LULCC types changed to farmland (a) in BMER and area occupied by crops in Bale Zone (b). 

The forest was the most affected LULC type by the expansion of farmlands. The other LULC type, 

which has gained in area during the study period was urban settlement. Urban settlements have 

grown at the expense of, mostly, farmland, grassland and shrubland (least). In total, 45.3 and 51.8% 

of the urban expansion within the study period took place through the conversion of farmland and 
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grassland, respectively. Between 2005 and 2015, grassland lost a relatively high area to urban 

settlement compared with farmland and shrubland. 

4.1.4. Human and Livestock Population Growth 

Human population growth in the Bale Zone alone, projected by Central Statistics Agency, revealed 

that from 1985 onwards, there was an estimated annual growth of 76,953 people (Figure 17). 

Further correlation analysis between the area occupied by crop production and population growth 

resulted in a Pearson correlation value of 0.771. The correlation coefficient with a bootstrapped 

confidence interval at 95% was between 0.620 and 0.924. 

 

 
(a) 

 
(b) 

Figure 17. Human (a) and livestock (b) population growth in the Bale Zone. 

In the Bale Zone alone, there are 3,124,305 domestic animals of which about 51, 25 and 12% are 

cattle, goats and sheep, respectively (Figure 17). Even though the number of livestock in the study 

area is, more or less, increasing, interestingly, conversion of grassland to farmland is also 

increasing. 
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4.2. Non-Carbon Benefits for effective implementation of REDD+ 

4.2.1. Species richness, diversity and evenness 

A total of 125 species of woody species, representing at least 45 families and 77 genera, were 

recorded from the four study districts. Of these, 70, 73, 40 and 32 were from Nansebo, Harenna 

Buluk, Dolo Mena and Dodolla, respectively. The Shannon diversity and evenness indices of the 

woody species ranged between 2.8 (Dodolla) to 3.5 (Harenna Buluk) and 0.79 (Nansebo) to 0.82 

(Dolo Mena), respectively (Table 7), 

Table 7. Species richness, density, evenness and mean values of carbon stocks of woody species in the forests 
woody species in the forests found in the four study districts of BMER. 

District Species 

Richness 

Density 

(ha-1) 

Shannon’s 

Diversity 

Index 

Shannon’s 

Evenness Index 

Carbon 

Stock (tons) 

Nansebo 70 1590 3.4 0.79 213.13 

Harenna Buluk 73 2106 3.5 0.80 185.44 

Dolo Mena 40 1512 3.0 0.82 246.27 

Dodolla 32 551 2.8 0.80 148.88 

 

4.2.2. Similarity in species composition 

The highest and lowest similarities in woody species composition were exhibited by Haranna 

Buluk and Dolo Mena (0.83 = 83%), and Dodolla and Dolo Mena (0.08 =8%), respectively (Table 

8). 
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Table 8. Similarities in species composition of woody species recorded in the forests found in the four study 
districts of BMER. 

District Nansebo Harenna 
Buluk 

Dolo Mena Dodolla 

Nansebo - 0.45 0.33 0.17 

Harenna Buluk 0.45 - 0.83 0.15 

Dolo Mena 0.33 0.83 - 0.08 

Dodolla 0.17 0.15 0.08 - 

 

4.2.3. Density, frequency and dominance 

The woody species had densities ranging from 550 (Dodolla) to 2106 (Harena Buluk) individuals’ 

ha-1 (Table 7).  

The three densest woody species were (in descending order of density) Vernonia rueppellii, 

Lepdotrichillia volkensii and Teclea nobilis in Nansebo, Maytenus arbutifolia, Cassipourea 

malosana and Lepdotrichillia volkensii in Haranna Buluk, Coffea arabica, Croton macrostachyus 

and Filicium decipiens in Delo Mena, and Rapanea simensis, Discopodium penninervum and 

Maytenus arbutifolia in Dodolla (Appendix 1). 

The most frequent woody species were (in descending order of frequency) Croton macrostachyus, 

Teclea nobilis and Polyscias fulva in Nansebo, Croton macrostachyus, Ehretia cymosa and Vepris 

dainellii in Haranna Buluk, Celtis africana, Elaeodendron buchananii, Filicium decipiens, Olea 

capensis subsp. hochstetteri and Podocarpus falcatus in Delo Mena, and Rapanea simensis, 

Hagenia abyssinica, Hypericum revolutum, Maytenus arbutifolia and Psydrax schimperiana in 

Dodolla (Appendix 1). 
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The three most dominant woody species were (in descending order of dominance) Syzygium 

guneense, Croton macrostachyus and Prunus africanum in Nansebo, Olea capensis subsp. 

hochstetteri, Croton macrostachyus and Vepris dainellii Haranna Buluk, Olea capensis subsp. 

hochstetteri, Podocarpus falcatus and Syzygium guneense in Dolo Mena, and Combretum molle, 

Juniperus procera and Maytenus arbutifolia in Dodolla (Appendix 1). 

4.2.4. Important Value Index 

The three-woody species with the highest IVI and, hence, the most ecologically important species, 

were (in descending order of density IVI) Syzygium guneense, Prunus africanum and Maesa 

lanceolata in Nansebo, Olea capensis subsp. hochstetteri, Croton macrostachyus and Vepris 

dainellii in Haranna Buluk, Coffea arabica, Olea capensis subsp. hochstetteri and Syzygium 

guneense in Dolo Mena, and Combretum molle, Rapanea simensis and Maytenus arbutifolia in 

Dodolla (Appendix 1). 

4.2.5. Carbon stock and its relationship with Shannon diversity index 

The carbon stock stored in the above-ground biomass of woody species in the forests found in the 

four study districts ranged between 148.88 (Dodolla) and 246.27 (Dolo Mena) tons ha-1 (Table 7). 

No statistically significant differences were found in the mean values of carbon stocks ha-1 in 

forests found in the four study districts [ANOVA: F (3, 24) = 1.34, P = 0.285]. However, Shannon 

index exhibited statistical difference among the districts [ANOVA: F (3, 24) = 3.93, P = 0.021]. Also, 

results of the regression analysis showed weak relationship between the Shannon diversity indices 

and carbon stocks of the woody species, and the Pearson correlation was 0.268. The correlation 

coefficient with bootstrapped confidence interval at 95% was between - 0.061 and 0.539. 
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4.2.6. Non-carbon benefits  

a. Household survey 

Various forest non-carbon benefits were mentioned by the respondent households (almost all), 

such as fuelwood, construction material, coffee, honey and grass (mostly). Also, a few respondent 

households (less than 13%) mentioned other benefits, such as medicinal plants, shade value, farm 

implements, rainfall and pure air. According to the respondent households, the most important 

forest non-carbon benefits were fuelwood, construction wood, coffee, air, fodder, water and honey 

(Figure 18). The forest service with the highest contributions in Nansebo (45.2%), Dodolla 

(37.1%) and Harenna Buluk (29.4%) was fuelwood while coffee had the highest contribution in 

Dolo Mena (21%). Honey, on the other hand, contributed the least in Dodolla (0.4%), Harenna 

Buluk (2.8%) and Nansebo (6%) while water contributed the least in Dolo Mena District (Figure 

18). Construction material, fodder, water and honey were mentioned in all households. Air (clean 

or pure air) was also mentioned as an important service obtained from the forests (contribution of 

6.5 - 12.4%). There was evidence of an association between forest non-carbon benefits and districts 

(X2 = 74.49, df = 18, P < 0.05). The mean tropical livestock unit (TLU) exhibited statistically 

significant differences among the districts [ANOVA: F(3, 356) = 13.68, P = 0.000]. Dodolla (0.678) 

and Dolo Mena (3.011) districts had the smallest and highest TLU values, respectively (Table 8). 

The mean total number of days per year on which the livestock graze in the forests within the study 

districts ranged between 34 (Dodolla) and 86 (Harenna Buluk) days with an estimated daily 

consumption of 6.3 kg dry matter (DM) TLU-1. There was significance differences on the number 

of days the livestock stayed in the forest year-1 in the four study districts [ANOVA: F(3, 354) = 5.44, 

P = 0.001]. The total annual feed consumption of livestock from the forests in the study districts 

ranged between 150 (Dodolla) and 1,285 (Dolo Mena) kg DM with an estimated value of ETB2 

300.00 and 2,590.00, respectively (Table 9). 

                                                 
2 At the time of study, 1 USD ≈ Birr 21.00. 
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Almost all the surveyed households confirmed that their means of living was from three sectors, 

namely forests, crops and livestock. The highest and least contributions of forests to the households 

were found in Dolo Mena (51.3%) and Dodolla (10.0%) districts (Table 9), respectively. Forests 

contributed 40.2% to the household income in Harenna Buluk District and 18.8% in Nansebo 

District. 

 

Figure 18. The most important forest non-carbon benefits obtained from forests found in the four study 
districts of BMER. 

The result that Dolo Mena and Harenna Buluk are the highest corresponds with the results from 

the FGDs. Information obtained from the FGD on contribution of forests varied from 16.5% in 

Dodolla District to 47.4% in Harenna Buluk District. Contributions of forests to the households in 

the study area exhibited statistical differences [ANOVA: F(3, 317) = 6.78, P = 0.000]. There is very 
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strong evidence that the four districts do not have the same mean value of forest contribution. 

Strong correlations were found between contributions of forests and the total household income 

per annum (Table 10) 

b. Focus group discussion 

Within the group, female respondents were more focused and to the point where they reflect their 

ideas on the NCBs. Fuelwood and water were the most important products for them unlike men. 

Free gifts from nature or their surrounding are fuelwood, water, soil, coffee, honey, grass, 

construction materials, medicinal plants, air, spring water, fruits, sand and stones. The relationship 

between land, water, forest and other environmental resources was well articulated by the 

participants of the FGD from the four districts. The concept of landscape for them works very well. 

Table 9. Tropical Livestock Unit (TLU) per household, total annual feed consumption of forage from the forest 
and the value of feed obtained from the forest per household per year. 

District Mean TLU 

household-1 

Mean 

number of 

days year-1 

Daily consumption 

(Kg DM TLU-1) 

Total annual feed 

consumption 

(dry matter in kg) 

Estimated 

value 

(ETB)* 

Harenna Buluk 2.0 86 6.3 1084 2,168.00 

Dodolla 0.7 34 6.3 150 300.00 

Nansebo 1.7 70 6.3 750 1,500.00 

Dolo Mena 3.0 68 6.3 1285 2590.00 

DM = Dry matter; * = One kg of DM was estimated at ETB 2.00. 

Table 10. Contribution (%) of non-carbon forest products to the annum household income 
in the four study districts. 

Sector Dolo Mena Dodolla Nansebo Harenna Buluk 

Forest 51.4 10.0 18.8 40.2 

Crops 19 44.5 52.7 23.8 

Livestock 31.0 41.0 28.0 35.9 
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Table 11. Spearman rho for income from forest and total value within each Woreda. 

District Correlation P-value 

Harena Buluk 0.84 0.000 

Dodolla 0.32 0.001 

Nansebo 0.32 0.004 

Dolomena 0.86 0.000 

The life of local communities is supported by farming, livestock rearing, beekeeping as well as 

products and non-carbon benefits that they extract from the forests. Dolo Mena and Harenna Buluk 

are found within the BMER where forest coffee is well developed whereas Dodolla is located at 

the agro-ecological zone outside the coffee belt. Hence, the residents are more dependent on forest 

products of woody nature. Common to all districts are farming, livestock rearing, beekeeping and 

harvesting of wood. Trade contributes very little, and for about 2% of the segments of the 

communities in Dodolla and Nansebo. Bamboo harvesting and trade were reported from Nansebo. 

From the FGD, it was learnt that at least one member of a household visits the forest every day to 

get a product, such as fuelwood. 

The most important forest products that a household depends on most were ranked differently in 

the four study districts. For instance, coffee and honey were ranked in Dolo Mena and Harenna 

Buluk districts next to fuelwood. In Dodolla district, construction material, water/rain, air and 

honey were ranked next to fuelwood while water was ranked as number one in Nansebo district. 

Fuelwood, farm implements, construction materials, including climbers and fences, honey, grass, 

medicinal plants and furniture were prioritized from most important to least. In general, fuelwood 

seems to be the most important forest product that the communities harvest from the forest. Water 

and clean air were very well recognized as important non-carbon benefits from the forest 

ecosystem. The communities explained the relationship between forests and rainfall. Provision of 
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grasses and thatching grasses from forest for their cattle and house construction, respectively, was 

discussed as well. 

Harvesting, use and sell of medicinal plants were also discussed, but the groups confirmed that 

sell of medicinal plants is not done by everyone in the communities. It was indicated that only 

knowledgeable people harvest and trade medicinal plants. In line with this ranking, the most 

important products for markets were coffee, honey, medicinal plants and bamboo. In Dodolla 

district, fuelwood, construction material and honey were listed in addition. 

It was noted from the FGD that a household sends not less than 10 cattle to the forest for 105 days 

per year in three of the four districts. Rapid population growth is reported to decrease the available 

grazing land, hence, use of crop residue as fodder has become a trend in Ethiopia (Mengistu, 2003) 

as well as the study area. In recent years, crop residue management has become an important 

intervention of climate-smart agriculture. Leaving crop residue in the field, rather than feeding it 

to cattle, protects the soil from erosion and limits weed growth throughout the year (IIRR and 

CTA, 2005). During FGDs, the groups from Dodolla, Dolo Mena and Haranna Buluk confirmed 

that crop residue is used as feed for domestic animals; but, the group from Nansebo claimed that 

they are managing crop residue in the field and do not feed it to animals or burn it, unlike in the 

past. It was also noted during the discussion that the products are gathered by different members 

of the household. However, there was a consensus that most of the products are gathered by 

women. The interaction between women and the forest is very close. 

Access to the forests is regulated by by-laws developed by the community-based organizations 

(CBOs). There is no prohibition of collecting the products and using non-carbon benefits from the 

forests as far as permit is secured from the executive committees of the CBOs. When the groups 

were asked to explain the most pressing environmental problems, they mentioned coffee wilt 

disease, rust disease (in Dolo Mena), land degradation, drought as a result of rainfall variability, 

frost, too much rain, lack of water in the rivers and streams in some months, high and speedy wind 
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uprooting trees, invasive species, such as 'muja' [Snowdenia polystachya (Fresen) Pilg.] and 'ye-

wef kollo' (Lantana camara L.) (Dodolla), hailstorms, high speed wind with rainfall, which has 

not been the case in the old days (recent phenomena, according to the elders). The FGDs in all 

districts confirmed that the participants have heard and know about REDD+ (Figure 19). Their 

expectation is diverse, but they expressed that they expect payment for results they will achieve or 

have achieved. On the other hand, the participants in the FGDs expressed their fear by emphasizing 

that during the implementation of REDD+, they may lose benefits, i.e. the REDD+ initiatives may 

restrict them from obtaining the benefits that they used to get from the forests, for example, 

harvesting wood, improvement of coffee stands, etc. since their income is highly dependent on 

coffee production. In the management of forest coffee, clearing of land and reducing the 

regeneration and saplings of woody species may be necessary. They fear that implementation of 

REDD+ initiatives may not approve such activities. 

 

Figure 19. Communities expectation from REDD+ implementation. 

We expect incentives from REDD+ -from the 
amount of CO2 sequestered or avoided 

emission as a result of reducing deforestation 
and forest degradation. 

we may loose our rights as well

Payment for reduction of deforestation and 
from degradation…for deduction of GHG 
emissions. Better water services, clean air, 
modification of micro-climate, additional 
payment as a result of implementing more 

forest conservation and management from the 
payment.  (More work, more responsibility?)

Increase forest cover and increase 
management responsibility; equally we 

expect payment, cash. We know our rights 
and responsibilities on this

Clean air; payment; 

reduction of harvest of wood products and 
reduction in getting access for grazing.

what do you expect from 
REDD+
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4.3. Institutional Arrangements  

The results are organized under each specific question indicated under Table 3 in Chapter 3.2.3.  

4.3.1. Rights and Responsibilities in the Management of Environmental Resources  

Almost all sectoral offices (100%) responded that they have rights and responsibilities to conserve 

and manage environmental resources (Figure 20). More than half (55%) of the respondents 

responded that they have no right to enact law while 45% of them responded that they have rights 

to enact laws. 

 

 

Figure 20. Rights and responsibilities in environmental resource conservation and management (ERCM) 

Despite the average result in favor of ‘yes’ (45%) is a little bit less than that of ‘no’ (55%), 

assessing the response per sectoral office was necessary to understand the full picture. 
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Accordingly, the response between and within the sectors showed significant difference (𝑋   = 

34.834, DF = 4, P < 0.05). It is obvious that the power to enact laws is vested at Federal 

Government. 

Explorative data analysis indicates presence of variations in the response as well (see for example 

Figure 21); and one-Way ANOVA test resulted in statistically significant difference among 

responses of sectors [ANOVA: F(4, 56) = 3.29, P < 0.05]. Rights and responsibilities in the absence 

of power to enact laws may cause reluctance in the implementation of laws given to sectoral offices 

from the top. 

 

Figure 21. Rights to enact laws. 

Apart from that, nearly 90% of the respondents indicated that they are responsible to implement 

policies on the ground. 
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As expected, according to 80% of the respondents, the rights and responsibilities of woreda 

sectoral offices at the institutional level lay at woreda level. The other respondents indicated 

regional (10%) and Kebele 10%). 

Most decisions are made at the top governmental structures (Figure 22). About 46, 30.4, 12.5 and 

10.7% of sectoral offices responded that decisions are made at the ministerial, state ministerial, 

expert and director levels, respectively. Variation within and between sectors exist which leaves 

the interpretation of laws, policies and responsibilities to tackle actions based on their 

understanding. 

 

 

Figure 22. Levels where decisions are made. 
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Irrespective of where or at what level the decisions are made, community rights matter most 

(Figure 23). About 64.3% of sectoral offices (aggregated) responded that community rights matter 

most. Aggregated percentile for government, private sector and NGO rights were 21.4, 10.7 and 

3.6%, respectively. 

 

 

Figure 23. Whose rights matter most when it comes to ERCM? 

Each sectoral office has rights and responsibilities in ERCM. They are also responsible to 

implement policies on the ground. However, more than half of them confirmed that they do not 

have rights to enact laws. Despite the fact that most decisions are made at ministerial level, 

community rights matter most. 
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4.3.2. Robust Planning System Within Institutions Involved in ERCM 

About 62% of sectoral offices reflected that the existing planning and programming do not address 

the interests of actors in a landscape (Figure 24). The reasons might be associated with constraints, 

which limit the performance of sectoral plans (94%). As a result, 84% are interested to reform the 

existing planning and programming setup. Sixty four percent of sectoral offices also plan what is 

in their mandate irrespective of how other important sectoral plans may affect them, such as road 

planning or mining. 

Sectorial offices were also asked if they develop their plans in consultation with other institutions 

managing ERs. Though contradictory with the above result, more than 60% of all sectoral offices 

responded presence of consultation with other institutions during planning. 

 

Figure 24. Responses of sectors with regard to planning. 
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The limiting factor to have Common Result Framework (CRF) are transaction costs (51.8%), 

interest of individuals or sectoral offices (19.6%), lack of information (12.5%) and lack of 

knowledge (16.1%). Results from Factor analysis indicated that both rotated and un-rotated factors 

explain 89.5% of the data variability, and the communality values indicate that all variables, but 

Lack of Information, were well represented by these two factors (communalities were 0.652 for 

Lack of Information, 0.929-1.0 for other variables). 

The first factor positively loads on lack of knowledge, interest and lack of information (Figure 25). 

Knowledge and information are important for planning and programming. It negatively loads on 

transaction cost. Therefore, one may consider factor 1 to be a "Knowledge - information" factor. 

The second factor is "Transaction cost". Lack of information and interest are correlated with lack 

of knowledge, but not with transaction cost (Figure 8). Factor loadings represent how much a 

factor explains a variable in factor analysis (Minitab, 2015). Loadings can range from -1 to 1. 

Loadings of -1 or 1 indicate that the factor strongly affects the variable. Loadings close to zero 

indicate that the factor has a weak effect in the variable. Communality is the variance in observed 

variables accounted for by a common factor (Suhr, n.d). 

In summary, planning reform is needed to respond to wider environmental, social and economic 

demands of the society. 

4.3.3. Capacity of Existing Institutions 

On average, 64% of sectoral and non-sectoral offices responded that the existing planning and 

programming functions are not satisfactory to respond to the ever-increasing climate change and 

demands of the society (Figure 26). Accordingly, 44.4% of the Offices of Water, Energy and 

Mines, 54.5% of Offices of Agriculture, 90.9% of Offices of Land and Environment, 33.3% of the 

Woreda Administrations and 75% of Non-Woreda sectoral offices responded that the existing 

planning and programming functions are not satisfactory (χ2 = 91.169, DF = 4, P < 0.05). Non-

woreda refers aggregated responses at federal and regional levels only. 
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Regarding policies, 82% of Offices of Agriculture and 64% of Offices of Land and Environment 

confirmed that the existing policies cannot respond to the interest of actors in a given landscape. 

But, aggregated or average results show that about 55% of them are convinced that the existing 

polices can respond to the interests of actors in a landscape. On the other hand, EIA is not fully 

implemented according to the majority of the sectoral offices. On average, more than 60% of all 

sectoral offices confirmed that EIA is not implemented fully. According to Bureau of Land and 

 

 

Figure 25. Factor Analysis of transaction cost, interest, lack of information and lack of knowledge 

Environment of the ANRS, Government is the main violator of the EIA since Government-led 

mega projects are implemented without sufficient EIA (Fante, 2015). 

Fairly high proportion (70-82%) of woreda sectoral offices confirmed that they have capabilities 

to control negative impact on natural resources (wildlife, forest, soils and water). Between 18 

and 30% of sectoral offices have doubted the presence of such capabilities. More than 50% of 
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sectoral offices of non-woreda responded that they do not have capability to control the negative 

impacts 

  

 

Figure 26. Capacity of sectoral offices in ERCM 

on natural resources, such as wildlife, forest, soils and water. There seems a bit of contradiction 

with their response since they confirmed, more or less, that most of the decisions are made at the 

ministerial level. On the other hand, the sectors at federal and regional levels do not have a control 

of negative impacts, meaning higher organs of the Government enact laws, such as legislation, 
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without any instrument to control or monitor the implementation. Majority of sectors (average = 

48%) agreed that the Federal Government has more power when it comes to large-scale investment 

on land for example big dam construction and large-scale agriculture development. The powers 

that the communities and regional government exercise is weak. Some 31 and 21% of sectors voted 

for community and Regional Governments, respectively. When it comes to small scale investment 

in a landscape the Woreda Government has more power (35%) than communities (32%), Regional 

Government (29%) and Federal Government (4%). 

Road authority (RA) and Environmental Protection Agencies (EPA) have more power regarding 

road construction. Sectoral offices have identified multiple agencies that have power in road 

construction, but it is so much scattered to arrive at any conclusion. Among the major ones that 

sectors made responsible for road construction are the following: Road Authority (RA) and 

Environmental Protection Agency (EPA) (38%), RA and Federal Government (FG) (15%), RA, 

FG and Local Government (11%), RA and FG (11%) and RA (10%). 

About 28% of all sectoral offices indicated that their institution is strong enough to enforce laws, 

such as land use policies. However, on average, more than 41.1% of all sectoral offices confirmed 

that their institutions are weak. The rest of the sectoral offices (30.4%) stated that their offices are 

moderately strong (χ2 = 194.7, DF = 8, P < 0.05). 

Ethiopia needs spatial planners from Federal to kebele levels. Over 84% of all sectoral offices 

confirmed absence of such spatial planner. Moreover, staff turnover is one of the limiting factors 

for institutional capacity to operate sufficiently. More than 90% of all sectors confirmed that staff 

turnover is, indeed, a problem. However, 25% of non-woreda sectors did not see staff turnover as 

a problem. Some politicians see it as healthy phenomenon and measure it against the opportunities 

that the Government has created, through a conducive policy, for experts to choose from. 

Regarding salary versus result-based payment, more than 37% of all sectoral offices agreed that 

paying [just] salary makes experts lazy. More than 44% are not sure and responded simply “may 
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be”. However, more than 81% of all sectoral offices agreed that better payment for results achieved 

is the way forward for effective individual performance. Aggregated result shows that some 16.7% 

are not sure whether payment for result would be better and they stated “may be”. The one-way 

ANOVA analysis indicated presence of statistical significant difference in response where much 

higher respondents were in favor of yes [ANOVA: F(2,14) = 56.58, P = 0.000]. 

Both unrotated and rotated factors explained 47.5% of the data, and the communality values 

indicate that one variable, yes, is well represented except the two variables, no and maybe 

(communalities are 1.00 for yes, 0.099-0.325 for the other two). The first factor (Figure 27) 

positively loads on no, may be and yes, but more on yes and maybe. The importance of better 

payment for performance is very well correlated with factor 1. The second factor disagrees with 

better payment, meaning, there may be other factors to improve result, but not necessarily better 

payment. 

 

Figure 27. Responses to the question: you think better payment for results achieved would improve 

deliverables in any organization? 
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4.3.4. Motivations of Community-Based Organizations 

On average, 90% of sectoral offices agree that incentive is important to motivate CBOs to 

discharge their responsibilities effectively (χ2 = 19.048, DF = 4, P < 0.05) (Figure 28). 

Less than 35% of sectoral offices responded that all CBO members are attending meetings during 

Kebele level planning. Majority of sectoral offices (more than 60%) responded that CBO members 

do not necessarily attend such meetings (Figure 29). More than 40% confirmed that there are no 

disciplinary measures when a member is absent from such planning meetings. However, 57% of 

the sectoral offices confirmed presence of some sort of penalty (χ2 = 95.250, DF = 4, P < 0.05). 

As far as incentives are available, CBOs are effective in ER management. Hence, establishment 

and strengthening of more CBOs is stated as important by more than 93% of all sectoral offices. 

From all sectors, more than 78% agreed that forest certification to CBOs is as important as land 

certification to improve tenure or ownership issues and in a way, can be considered as incentive to 

them (Figure 29). 

4.3.5. Results from the Focus Group Discussion (FGD) 

Sustainable land and forest management stood out as the two under-funded thematic sectors in all 

visited zones. Sectoral Departments of Environmental Protection and Land Administration agreed 

that land use and land administration must be given due attention to lead and guide implementation 

of landscape-related projects and programmes. However, it is lacking. Strong institution to lead 

the implementation of the land use policy and to control negative impacts on natural resources, 

including forest resources, is required. Absence of proper land use plan allows livestock to graze 

in the national parks and biodiversity sensitive forests. Cultivation of steep slopes against the Land 

Use Land Administration Proclamation of the country is a common practice in most visited zones. 
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Figure 28. Motivation of CBOs to discharge their responsibilities effectively. 

The responses regarding the frequency of consultation of the communities regarding projects and 

programs that have effects on the environment were once (3.6% of sectoral offices), many times 

(46.4% of sectoral offices) to as deemed necessary (37.5% of sectoral offices). 

The capacity to control encroachments and illegal settlements in forest and wildlife protection 

areas is minimal. Forest user groups are established to manage forest resources with government 

under Participatory Forest Management (PFM). The CBOs are given the challenging tasks to 

control those difficult tasks, such as illegal settlement and other encroachments. But the support 

they get from legal departments for law enforcement is constrained by either lack of quick response 

or corruption. Most of the time law enforcement is conducted in coordination with all relevant 

offices (or taskforces), such as police, which is, sometimes, a challenge because of parallel 

assignments for some of the task force members assigned. 



 

  

 

 95 

 

 

 

 

Figure 29. Planning, certification and CBOs. 

This limits involvement of the task force members and makes the exercise incomplete. Additional 

constraints for weak law enforcement include favoritism, clan related issues, corruption, and 

intermarriage arrangements. 

Among incentives that the CBOs derive from forest are the Non-Timber Forest Products (NTFPs). 

Honey, wax and coffee are major NTFPs. The capacity of the CBOs to produce quality products 

for international market has a big constraint. For example, the moisture content of honey should 

be less than 20% in the European Market. But, most of the honey produced in SOER is 20% and 

above. Member of the CBOs use traditional beehives because of financial limitations to purchase 



 

  

 

 96 

 

modern beehives, which could improve the moisture content. Spices and condiments have huge 

potential, but they are not well developed. 

In the SOER, problems associated with agriculture investment are severe. Local communities or 

CBOs and local sectoral offices failed to stop the companies investing on coffee and tea businesses 

by destroying the forest resources as well as associated social and natural environment. Land areas 

covering over 5,000 ha for agricultural investments are assigned by the Federal Government. Land 

areas that cover less than 5,000 ha are allocated to investors by the Regional Investment Bureaus. 

The capacities of Local Government and local sectoral offices are weak or incapable to stop the 

undesirable agricultural investment initiatives. 

The three Biosphere Reserves (BRs) in the SOER were expected to have a management entity that 

can coordinate and make collaboration within and between different sectors, which has not, as yet, 

materialized. The zonal offices still see the management of biospheres as being the responsibility 

of NGOs. As a result of this misconception, various investment proposals are planned within the 

BRs. According to one office, about nine investment projects, which are not compatible with 

UNESCO BR principles are planned in and around one of the three BRs. 

The capacity of PFM user groups to control negative impact from agriculture investment, illegal 

settlement and other negative impacts is not strong yet. The incentives, benefit sharing 

architecture, discharge of roles and responsibilities are not clarified yet. Despite the fact that 

bylaws exist, they are not strong enough to become effective and efficient. 

All respondents confirmed that there are big gaps of, amongst others, technical and financial 

capacity of their institution, and staff turnover is high. Material and tools necessary for 

implementation of annual plans, such as vehicles, motor bicycles, nursery tools to raise seedlings, 

instrument for surveying and forest measurement are lacking in all visited zones and woredas.  
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Apart from some capital budget funded programmes, such as the Sustainable Land Management, 

there is no systematic coordination mechanism for regular programmes. Sectoral offices submit 

their plans, which are approved by the relevant bodies depending on the availability of funds. Inter-

sectoral planning is lacking. Woreda government-led annual plans are examined by woreda 

Cabinet. The Woreda Cabinet determines the fund allocation, and for sectors categorized as less 

priority by the local government, e.g. forest and alternative energy sectors, insufficient budget is 

allocated. 

The effect of synergetic approach in ERCM is not yet obvious. From the FGD, it was learnt that 

watershed development plans are prepared by the land and Environment Protection Office, but 

implemented by the Office of Agriculture. During the development of the watershed plan, there is 

little involvement of the Office of Agriculture. 

Different interest groups exist, namely UNESCO Heritage Sites promoting group versus PFM 

group in BMER and SER and UNESCO BR and PFM in SOER. In BMER and SER, experts prefer 

to see parks without interference of people. FARM Africa, SOS Sahel, and other NGOs are 

advocating for participatory resources management of wild animals and forest resources. 

4.4. Green Infrastructure  

The findings from the review revealed that the concept of GI in Ethiopia is at its infant stage despite 

the emergence of some good stand-alone initiatives, such as Repi Land-Fill Power Project,  

Addis Ababa Light Rail Project and green areas in Addis Ababa, and some of the major towns. 

Moreover, data on GI-related initiatives are rare. The reviewers noticed lack of such initiatives like 

the ones in Addis Ababa in the towns located in BMER. Available information at the country level 

are used to extrapolate data indicated in Table 12.  

The rest of the findings are preseneted starting from national (Ethiopia) to Africa and global levels 

in a narrative form due to lack of data to construct.  
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Table 12. Population number, waste disposal mechanism and per capita wood consumption in 

towns 

Woreda 
 

 
 
 

 

Town 
 
 
 
 
 

Population 
number in 2013 

 
 
 
 

Number of 
urban 

dwellers  
using open 
defecation 

 

Per capita 
waste 

 
 
 
 

Per capita wood for energy 
consumption 

 
 
 
 

Dodola Dodola 26,738 5,133.77 8,021.52 31,016.56 

Adaba Adaba 15,531 2,981.93 4,659.26 18,015.81 

Nansabo Warka 7,789 1,495.52 2,336.75 9,035.45 

Kokosa kokosa 4,138 794.59 1,241.55 4,800.64 

Dinsho Dinsho 3,807 731.00 1,142.19 4,416.47 

Sinana Robe 56,971 10,938.42 17,091.27 66,086.26 

Goba Goba 41,109 7,892.90 12,332.66 47,686.28 

Agarfa Agarfa 16,568 3,181.07 4,970.42 19,218.95 

Gasera Gasera 6,158 1,182.27 1,847.30 7,142.89 

Gololcha Jara 7,450 1,430.46 2,235.09 8,642.35 

Goro Goro 10,951 2,102.56 3,285.24 12,702.94 

Guradhamole Jibri 1,629 312.76 488.69 1,889.58 

Barbare Haro 7,253 1,392.50 2,175.79 8,413.04 

Harana Buluk Angetu 6,282 1,206.18 1,884.65 7,287.33 

Madda Walabu Bidre 3,837 736.67 1,151.05 4,450.72 

Dallo Mana Dallo 13,684 2,627.27 4,105.11 15,873.09 

 Total 29,895 44,140 68,969 266,678 

Source: (CSA, 2004; MEFCC, 2015) 

Urbanization in Ethiopia is projected to increase steadily to exceed 30% by 2030 (Godfrey & Zhao, 

2015) from 17% in 2014 (UN Habitat, 2014) even though half of the World’s population is already 

living in urban areas (UN, 2016).  Urbanization in BMER is also at an increasing trend. Nune et 

al., (2016b) estimated that urban settlements expanded from 9,342 to 26,564 ha (Table 4).     
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The review indicated that the total building-related emissions are expected to increase from 1.8 to 

6.4 million tons of CO2-e by 2025, of which 25% is attributable to off-grid energy consumption 

and 75% to waste (MEFCC, 2015). Urban solid municipal waste is managed, mainly, by dumping 

and burning, while most of the industrial waste water generated is only superficially treated using 

lagoons. The semi-treated effluents are released into the aquatic system, i.e. rivers and drainage 

ways. 

Surrounding landscapes [and landscapes beyond] suffer from impact posed by urban centers. 

Urban centers lack proper toilets, owing to many informal settlements and squatters, and waste 

treatment sites that are produced by individual households, hospitals, as well as industries. For 

example, in Ethiopia, the estimated amount of waste water released from major industries (96% 

come from textile, food and beverage, leather and footwear industries) to the rivers and 

surrounding areas is nearly 5 million m3 year-1 (Fikade, 2017). This waste water has already 

affected about 10,000 vegetable growers (households) and many thousands of consumers in Addis 

Ababa, the capital city of Ethiopia, due to high toxic substances, such as arsenic, cobalt, chromium, 

mercury, nickel and zinc. Polluted water carried by the rivers pollutes the landscape to the extent 

of affecting health of urban and rural dwellers (Getachew, 2017) (Figure 30). 

 Solid waste is estimated at 0.17 - 0.48 kg-1 person-1 day-1 in urban areas and 0.11 - 0.35 kg-1 person-

1 day-1 of waste in rural areas (MEFCC, 2015). Up to 43% of the waste is collected for disposal in 

unmanaged landfills while the rest remains in the streets or is dumped in open spaces. In BMER, 

the estimated waste is 68,969 kg-1 person-1 day-1 (Table 12). The recent unpleasant incident 

regarding death of more than 110 people because of the ‘unmanaged landfill’ in an area called 

Koshe (Al Jezeera, 2017) is reported by national and international media, such as Aljazeera, CNN 

and the Guardian, among others. In most cases, the main reason, among others, for such an incident 

could be related to the prevalent weak and inefficient institutional arrangements. Al Jezeera (2017) 

reported that the area is used to damp waste originating from different industries, hospitals and 

households during the last 50 years (Al Jezeera, 2017a).  
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Figure 30. Cyclic impact of waste generated in urban centers. 

Quoting an individual, Al Jezeera (2017) indicated that the City Administration has been informed 

about the concern of piling up of the rubbish for 10 years. About 300,000 tons of waste is collected 

annually from the Addis Ababa, and most of it is damped at Koshe (The New York Times, 2017). 

Unless waste is properly managed from the start, the urban centers in BMER may face the same 

problems in the future.  

Probably, huge amounts of social, economic and environmental benefits are lost due to unwise or 

destructive use of rivers. It has been reported that by 2050, annual river run-off and water 

availability will be reduced by 10-30% in dry regions (Oestigaard, 2016). Already, most of rivers 

in Ethiopia are dry during the dry seasons, except the ones around forested regions. On the other 

hand, rivers in urban and rural areas can serve as mediums of food production, e.g. fishery. 

Ethiopia, having an estimated inland water body covering about 7,400 km2 of lakes and a total of 

7,000 km river length, has a huge potential for fish production (MEF, 2015). Unfortunately, rivers 

in urban areas provide polluted water for vegetable production (Fikade, 2017). During rainy 
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seasons, huge amounts of waste are carried from upstream to downstream. During dry seasons, 

rivers in urban areas are used as sites for damping wastes by some urban dwellers. According to 

CSA (2004), 31.1% of urban dwellers throw away wastes. Accordingly, 21,449 kg waste day-1 is 

thrown away in BMER (Table 12).  Moreover, some of the urban centers in BMER are located at 

the lower elevation, hence, during the rainy season flood may affect them significantly.  

The road system in urban areas of Ethiopia, for example, has its own drawbacks. Overflows of 

water or floods during and immediately after the rainy seasons are common problem every year. 

There is knowledge gap to build climate-resilient buildings, in general, and road construction, in 

particular. The size of manhole versus the intensity of rainfall per unit time is not compatible; that 

creates overflow of water on the surface causing floods. Many households in urban areas have lost 

and continue to loss their invaluable properties because of flooding (Figure 31). 

The numbers of trees and patches of forest or woodland in urban areas are decreasing to give space 

for real estate development, condominiums and establishments of new settlement. Between 2011 

and 2014, green spaces in Addis Ababa have decreased by 20% (Yeshitela, 2014). Mostly, the 

trees planted in green areas and public parks are exotic in nature against what is stated in the 

Environmental Policy of Ethiopia (FDRE, 2011). 

The Policy advocates reduction of exotic but expansion of indigenous trees to improve ecosystem 

services. Less emphasis is given for indigenous trees in BMER as well as other towns, including 

the capital city, Addis Ababa. In some places, the trees do not have enough space to develop good 

root systems. Also, when roads or other initiatives are undertaken the chance of removing the trees 

is high. For example, the new initiatives, such as the construction of the Addis Light Rail Project, 

eliminated lots of trees, but it is not known if the project has supported tree planting to replace the 

deforested ones. About 44,140 urban dwellers of the sixteen urban centers in BMER are using 

open defecation (Table 12). Open defecation is most probably one among anything which 

undermines good culture of Ethiopians in addition to diseases that may be occurred as a result. 
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Figure 31. Waste (top photo at the right), flood (top and bottom photos at the left) and local polices to address 

the disaster at Koshe (bottom photo at the right) in Addis Ababa (source: 

https://www.google.com/search?q=flooding+in+Addis+Ababa&safe; htp://www.abc.net.au/news/2017-03-

12/ethiopia-garbage-dump-landline/8347908) 

Many children, youngsters or adults use open fields and forests and river systems as toilets. At a 

National level in Ethiopia, about 8% of urban and 43% of rural population use open defecation 

(Beyene et al., 2015).  The phenomenon has put many lives at danger because a human stool 

defecated in open areas within urban centers is the most dangerous matter for our health (Curtis et 

al., 2000). Diarrheal disease, mainly caused by mostly human stools, kills more young children 

than AIDS, malaria and measles combined (Curtis et al., 2000).  Urban centers are growing in their 

population due to, among others, inward migration from rural landscapes. However, the available 

social infrastructures, such as proper public toilets, are less than the corresponding demands. The 

migrants in most cases do not have decent and well-paid jobs to cover costs for better housing 

facilities. In most cases, they establish informal settlements without proper facilities at the 

periphery of urban centers. Institutions should be prepared for unprecedented population growth 

flood in Addis Ababa
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in urban areas and its consequences. According to UN (2016) for every 10% increase in sprawl, 

there is a 5.7% increase in per capita carbon dioxide emissions and a 9.6% increase in per capita 

hazardous pollution. In BMER, it is demonstrated that between 1985 and 2015, urban centers 

expanded more than 10% already (Table 4). This illustrates the important interlinkages across the 

goals and targets. Therefore, the nexus between urban and rural landscapes are clearly visible 

where unsustainable rural landscapes force people to migrate and, again, the urban setting creates 

more pollution where the knock-on effect on rural landscape is inevitable. 

Use of Green Area (GA) in urban areas is very much limited.  Mostly, these GAs are being used 

as waste collection points, damping sites and, even, playground of dogs. They are not covered by 

green plants as expected. The mindset of urban dwellers may be needed to change in order to 

consider environmental impacts of waste disposal. Likewise, coordinated efforts between urban 

dwellers and urban planners in waste management need to be put in place.  

Urban housing projects in Ethiopia (Condominium and Real Estate Development) in different 

cities and towns are at an increasing rate (own observation). Other infrastructures, such as 

construction of roads are advancing quickly. However, one could ask whether or not the expansion 

of roads, buildings and other impermeable hard surfaces are always subjected to Environmental 

Impact Assessment. The expansion does not consider sufficient green spaces or GI occupied by 

networks of multifunctional spaces with trees, shrubs, herbs, grasses and sedges.  

Urban areas consume water, energy and food, and produce huge amounts of waste, which has 

impact on environmental resources.  Mostly, resources required for the urban population are 

derived from the surrounding rural areas and, in some cases, from places that are far away. 

Efficient and alternative utilization of resources in urban centers may have, to some extent, an 

impact on the management of natural resources in a given landscape. Charcoal production can be 

minimized if alternative energy sources, such as solar and hydropower are used. Estimates show 

that the sixteen urban centers in BMER consume 266,678.35 m3 annually (Table 12).  To satisfy 
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the demand, over 1,300 ha with growing stock of 200 m3 is deforested annually.    Alternatively, 

efficient cook stoves are known to reduce consumption of household energy. In this regard, good 

planning is required and the urban areas need to be seen as part of the whole landscape.  

Considering urban centers into the wider landscape through GI development has double benefits, 

i.e. (i) controlling unplanned expansion of urban centers to avoid land use land cover change; and 

(ii) sustainable biomass energy/wood supply to avoid unplanned deforestation and forest 

degradation.  

The impact of pollution and other related problems on biodiversity can be considered as another 

pressing issue. Avifauna are victims because of urban waste, electric transmission [grid] lines and 

lack of nesting sites. In modern society, tourism and conservation or protection of biodiversity, 

such as birdlife and national parks of wild nature are very much interrelated. Many jobs could be 

created and foreign currency may be generated. Hence, the impact also touches the economy. 

Urban biodiversity spots could serve as potential tourist and research sites. However, urban 

planners are, probably, trained to consider buildings without considering the landscape. Probably 

landscape architects may consider green areas. But, they may not be ready to consider biodiversity. 

In actual fact, a planner needs to have knowledge about landscape ecology, land use planning 

theory and practice as well as landscape psychology to plan GI (Roe and Mell, 2013).  

Despite the fact that 20 years old policy on Environment exists in Ethiopia, its implementation is 

constrained by the lack of capacity at individual and institutional levels. For the last 20 years, 

among other environmental problems, waste piled up in Koshe area in Addis Ababa and became 

the cause of death of more than 110 people, as indicated above. Landfills can lead to vulnerability 

to climate change by creating potential flood and contamination risks (C40CITIES Climate 

Leadership Group and ARUP, 2016). 

Institutions responsible for planning and implementation of policies lack capacity and commitment 

to address the needs of the local community. The capacity is highly constrained by staff turnover, 
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insufficient salary or lack of incentives (Nune et al., 2016a). The finding indicates that exiting 

policies and strategies are not grasped to the same extent by all experts in the field since some say 

existing policies are sufficient to address problems while others say the opposite.  

To manage green spaces, such as GA, there must be adequate budget to cover the costs for 

development or conservation. The management of a GAs located at different communities, 

particularly those categorized as neighborhood parks, is left for communities, which are expected 

to raise the fund. Not all members of communities do have the interest to cooperate, contribute to 

financial resource as well as knowledge and time for the purpose. Allocating land for such 

objectives as combating climate change, for example, is a noble idea, but, allocating the land 

without sufficient financial and human resources for development of the area may be the main 

reason responsible for the weak management of the GAs. Land use policy and forestry are 

underfunded in most of the sectorial offices responsible for natural resource management (Nune 

et al., 2016a).  

Lack of coordination in planning, including land use plan, is manifested by actions on the ground 

where utility authorities, such as water and telecommunication, destroy asphalt roads, which may 

have been built just recently to put a system underground. Many constructions related to building 

also contribute for road destruction. Common result framework useful for the management of 

initiatives, such as GI in different sector offices is unthinkable. Reasons for lack of such common 

result framework are lack of interest, lack of information, lack of knowledge and transaction costs 

(Nune et al., 2016a). 

Even though some policies are in favour of developing green areas and protection or conservation 

of the environment and keeping the urban centers from pollution, the price of land in urban centers 

is, probably, a limiting factor for the development of GI. With the current inflated land price, e.g. 

in Addis Ababa, it may still be unrealistic for any city/urban administration to dedicate land for 
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green areas or sport fields. Consequently, even if it is hard to estimate the per capita GI, one may 

conclude that Addis Ababa and the rest of urban centers in Ethiopia lack proper and sufficient GI. 

Despite the fact that some GI components exist in urban areas in Ethiopia, their sustainability is 

limited by: (i) proclamation and structural plan; (ii) lack of connectedness, which means there is 

no network or system; and (iii) lack of institutional and professional capacity, budget and 

coordination.  

Policies supporting GI exist even though there are no GI specific ones. Agenda 2063 aspires for 

African citizens to have decent and affordable housing in clean, secure and well-planned 

environments (AUC, 2015). To fulfil the aspiration, the agenda has indicated four means, i.e.: (i) 

providing access to affordable and decent housing to all in sustainable human settlements; (ii) 

ensuring effective and territorial planning and land tenure, use and management systems; (iii) 

ensuring balanced development of all human settlements while embracing a rural urban 

continuum; and (iv) improving the livelihoods of the great percentage of the people working and 

living in slums and informal settlements.   

The Constitution of Ethiopia (FDRE, 1995) contains a clause (Article 44 [1]) on environmental 

rights, which states that “All persons have the right to a clean and healthy environment” (CHR, 

1995). The House of Representatives (HR) established various standing committees and mandated 

the committees to oversee and support the implementation of policies, strategies and programmes 

approved by the same. Among such standing committees, the Urban Development and 

Construction Affairs Standing Committee is worth mentioning. Because this committee is 

mandated to oversee and support urban development as well as address social and environmental 

problems without undermining the economic development. 

Environmental Policy of Ethiopia (EPA, 1997) states the recycling of liquid and solid wastes from 

homesteads and establishments (industries, hospitals and hotels) to produce energy, fertilizer and 

other useful products. 
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The Government of Ethiopia (GoE) has also issued Proclamation No. 574/2008 to provide for 

urban plans (HR, 2008). Following the Proclamation, a manual for structural development plans 

was issued in 2012 as an instrument for implementation. The Proclamation and the manual contain, 

more or less, the same thing regarding the greening of Ethiopia. 

Additionally, the GoE issued an Urban Development Policy in 2005 (in the Amharic language). 

Development of competitive urban centers to attract various investors and attract quality human 

capital is highlighted in the Policy. 

Despite the fact that cities are responsible for more than 70% of global CO2 emission (UN Habitat, 

2016), an average per capita emission of 69 cities in 35 African countries (emitted at about 240 

million tons of CO2, i.e. 43% of the total emissions in the 35 countries) is estimated at 1.8 tons of 

CO2 in 2012, which is the lowest carbon emission per capita of any region in the world (Godfrey 

& Zhao, 2015). However, if Business as Usual (BAU) continues, the 69 cities shall produce or 

emit about 6 billion tons of CO2 cumulative emission from 2012-2030. This may have significant 

negative impact on the achievement of SDG 13. 

The African continent is undergoing an unprecedented phase of urbanization (Cartwright, 2015), 

11 times faster than the growth rate in Europe (UN Habitat, 2016). The urban population in Africa 

is expected to triple between 2011 and 2050, from 471 million to 1.34 billion. By the end of 2050, 

Africa is expected to accommodate 21% of the global urban population (Cartwright, 2015; 

Godfrey & Zhao, 2015). 

Many Sub-Saharan African cities are not yet taking decisions likely to set stage for the adoption 

of a model of urban development that can support economic prosperity and manage the rate of 

growth of carbon emissions (Godfrey & Zhao, 2015). This is explained by the prevalence of 

congestion, growing informality and low densities in urban cores, which undermine the benefits 

that come from urban agglomeration and the ability to cost-effectively provide mass transit options 

for the urban poor and growing business. Various reports are cited by Cartwright (2015) on how 
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climate change may affect urban centers in provisioning of food and water in Africa unless thay 

are prepared sufficiently. 

Already, 61% of urban Africans live in informal settlements and 60% engage in informal work 

that preclude mortgage finance or progressive livelihood strategies (World Bank, 2014). 

Moreover, the situation is gloomy where “slum settlements are expanding adjacent to “modern”-

gated communities and shopping malls, and inter-city freeways connect congested and poorly 

maintained inner-city streets” (Cartwright, 2015). 

GI is considered as important strategy to implement European Union Biodiversity Action Plan 

2020 (European Environment Agency, 2011; Mejia et al., 2015). GI provides an opportunity to 

manage fragmented/disconnected ecosystems to provide sufficient products and services and adapt 

and mitigate climate change. Fragmented ecosystems provide fewer benefits than connected 

ecosystems. The benefits of GI are illustrated/summarized in Figure 7 (European Environment 

Agency, 2011).  

The benefits of GI are very wide and diverse as witnessed by many authors, such as Benedict & 

McMahon (2002),  European Environment Agency (2011),  Foster et al. (2011) and  Li et al., 

(2016).  Roe & Mell (2013) have riviewed significant number of articles on GI and summersied 

them into 13 main functionalities and the functionalities relevant to SDGs  are summerised  below  

(Table 13).  

Almost all GI functionalities address all of the Sustainable Development Goals (Table 13). Some 

address more than one goal. All of the functionalities can address SDGs 11, sustainable cities and 

communities. Green spaces in cities improve both urban climate and air quality, lower summer 

temperature; reduce the amount of flooding after heavy rains, increase recreational value of city 

life and property values (TEEB, 2010). In addition, restoration of ecosystems and biodiversity, as 

a result of GI, provides inspiration and is often an important basis of local culture. 
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Table 13. GI functionality and its relevance to SDGs. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

x x x
climate control (microclimate cooling, energy savings, atmospheric purification and particle control) x x x x

x x
x x x x x

x
x x x

x x
x x

x x
x x x

x x
x
x

SDG
GI functionality

economic development (tourism, eco-agriculture and other jobs, raising property price)
sustainable movement (improved access and circulation)

climate change adaptation (flood alleviation and cooling urban heat islands) and mitigation (carbon capture)

water cleansing and control (filtration, absorption and transpiration)

reconnecting people with nature (space and habitat for wildlife with access for people at the ‘doorsteps’)
learning opportunities (environmental education, involvement and training)

improved community cohesion (creation of social space, empowerment and participatory decision making process)
providing leisure and recreation opportunities (outdoor relaxation and play)

protection of culture, historic features and associations (ancient trees and woodlands and building contexts)
enhancing local identity and sense of place (participation in landscape)

local food production (in allotments, gardens and through urban agriculture)
improved health and well-being (lowering stress levels, psychological wellness and providing opportunities for green 

 

Cities around the world are responsible for 70% of CO2 emission globally (UN Habitat, 2016). 

Hence, the Paris Agreement cannot realistically be achieved without the action by mega-cities to 

limit GHG emissions (C40CITIES Climate Leadership Group and ARUP, 2016). Similarly, 

achieving the 17 SDGs will be difficult since SDG-13 is all about climate action, including 

reduction of GHG (UN, 2016). 

It is common knowledge that no country has ever achieved middle-income status3 without a 

growing urban population (Cartwright, 2015). However, it is very important to note that the current 

urbanization model is unsustainable in many respects, puts many people at risk, creates 

unnecessary costs, negatively affects the environment and intrinsically unfair. Therefore, 

urbanization needs to change in order to address issues, such as inequality, climate change, 

informality, insecurity and the unsustainable forms of urban expansion (UN Habitat, 2016). There 

is also a need to pay attention to build the necessary capacity of the responsible institutions and 

their professional employees to lead the badly needed spatial planning in their respective countries 

as well as appeal to and negotiate with relevant authorities and stakeholders (Nune et al., 2015). 

                                                 

3 China’s economic transformation is driven by urbanization and industrialization. 
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In addition to absence of adequate GI, prosperous, socially inclusive and compact cities, serviced 

by public transport and clean energy, are not the norm or default in Africa (Cartwright, 2015). 

Compact cities have advantages in concentrating economic and social interactions, reducing unit 

cost of service delivery. For example, an increase in urban densities to 10,000 from 2,500 people 

km-2 reduces the requirement for water infrastructure from 5.5 to 3.5 meters per person.  

The unprecedented urban growth has already caused disappearance of many green spaces4, 

including forest areas. Benedict & McMahon (2002) has reported that in many major metropolitan 

areas in America, green space has disappeared rapidly. At the same time responsible institutions 

and urban planners are focusing on infrastructure development that is not considering the natural 

environment. Moreover, 55% of urban population in Sub-Saharan Africa live in slum-like 

conditions (UN, 2016).  

 

                                                 

4 Green space can include forests, trees along line, water bodies, including wetlands, wildlife habitats, including avifauna, green 
areas and farm plots. Thus, multi-stakeholder platform it required during designing and implementation of GI (Roe & Mell, 2013). 
Green spaces in Addis Ababa are categorized as field crop, vegetable farm, public recreation parks, riverside vegetation, plantation 
forest, institutional (mixed) forest, grassland, street plantation, bare land, special function parks and private gardens (Yeshitela, 
2014). These green spaces are classified into three, depending on their size and administrative hierarchy, namely city park (> 10 
ha), sub-city park (1 - 10 ha), woreda (district) park (0.3 -1 ha) and neighborhood park (0.1 - 0.3 ha). 
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CHAPTER 5. DISCUSSION 

Globally, land use and land cover occupied by forests, woodlands, shrub lands, grasslands and 

wetlands have diminished in size and been degraded in quality while croplands, settlements, 

including urban areas showed an increasing trend. Associated ecosystem services are also reduced 

but beneficial commodities to quench the needs of human population are produced where 

economic growth and social development has substantially gained against ecological 

deteriorations.  

Population growth is cited as indirect cause for land use and land cover change by many authors 

(Geist & Lambin, 2001; TEEB, 2009;  UNEP, 2014; FAO, 2016; Nune et al.,2016b). Much of the 

agricultural expansion that underpins population growth and increased human well-being has come 

at the expense of forests (FAO, 2012;UNEP, 2014). An estimated 1.8 billion forests are lost over 

a period of 5,000 years (FAO, 2012). FAO (2012) presented trajectory showing how the global 

deforestation followed the global human population growth rate since 1800. The finding in the 

BMER agrees with that of FAO (2012).  

Yet again, according to FAO, population growth and increase in income level will push food 

requirement by 70% in 2050 (FAO, 2009). Annual cereal production will increase to 3 billion from 

2.1 billion tones in 2009. Similarly, FAO indicated that annual meat production will increase to 

470 million tons from 200 million tons in 2009. In order to satisfy the demand, more land use 

change is highly anticipated. Biodiversity hot spot areas, such as the BMER, may be affected 

negatively unless a landscape approach is introduced.   

The year 2050 is expected to be the year when 70% of the world population (56% of Africa) will 

live in urban areas as compared with the current 49% (FAO, 2009; Godfrey and Zhao, 2015). 

Urbanization in Ethiopia as well as in BMER is also at an increasing trend. Hence, urbanization 

will cause additional land use change. Existing reports produced (e.g. Cartwright, 2015) witnessed 

that urbanization in Africa is accelerating so fast, but in an unsustainable manner. Moreover, 22 
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million people are added every year into the African urban areas. However, there are good 

opportunities to consider and make African urbanization green because most of them are 

convenient to reconstruct which will not incur much cost [about 61% is informal settlement] (UN 

Habitat, 2016). Hence, low-carbon, climate adaptive urban development can reduce costs 

significantly in addition to contributing to the efforts of climate change, among other benefits. 

Low-carbon, climate adaptive cities will contribute to the AU’s Agenda 2063 ‘The Africa We 

Want’ (African Union Commision, 2014), particularly to address the vision “… hubs of cultural 

and economic activities, with modernized infrastructure, [where] people have access to all the 

necessities of life including shelter, water, sanitation, energy, public transport and ICT”.  The role 

of GI to fulfill the vision will be significant if the African urban or city mayors and the urban 

dwellers choose GI as the main strategy.   

Feeding rapidly growing rural and urban population of Africa in the future probably will face 

challenges since about 30% of its land is already degraded (Kariuki, 2011) in addition to the 

challenges posed by climate change. Consequently, it might be ideal measures for decision makers 

to allocate areas occupied by vegetation for Agriculture in the future. Forests might be very easy 

target. Unfortunately, the value of forests is undermined in most cases.   

The value of tropical forests for medicinal plant provision is accounted between US$ 181-562 ha-

1 year-1 (TEEB, 2009). The benefits of tropical forests for provisioning of genetic resources are 

valued between US$ 483-1756 ha-1 year-1. Average monetary value of tropical forest, woodlands 

and grasslands biome or ecosystem services was estimated at 5264, 1588, and 2871 int.$ year-1 ha-

1, respectively (de Groot, et al., 2012). For developing countries, such as Ethiopia where climate 

change impact is visible, losing thousands of ha of forests is very huge. The lost opportunity as a 

result of annual deforestation rate of more than 4,500 ha in BMER can be considered as significant. 

Similar opportunities are lost as a result of the lose of grasslands, Erica dominated woodlands and 

shrublands.   
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In this chapter, for ease of understanding the study on LULCC, NCBs and the institutional 

arrangements are considered as Nune et al. (2016b), Nune et al. (2015) and Nune et al. (2016a) 

respectively. The last discussion paper which was presented as Seminar III at the AAU and at 

Hilton Hotel is considered as GI. This chapter will have two main subchapters. The first one will 

summarize the discussion from the four aforementioned outputs. The second one will present the 

discussion of each output separately.  

Nune et al. (2016b) showed that BMER is undergoing under constant landscape change within the 

30-year period (study period), (1985-2015). The forest area decreased from 20.8 to 17.5% while 

farmland increased from 15.4 to 23.2% during the same period. Grassland lost 2.2% of the total 

area. Shrubland lost 2.4%. In general, average deforestation rate within the period was 4,661 ha.  

Within 10-year period, 1985-1995, an estimated area of 50,271 ha was converted to farmland from 

the other LULC types.  In the following 10 years (up to 2005), about 48% and 43% of the farmland 

was gained from forests and shrublands, respectively. Further vegetation loss continued in the 

following 10 years which caused a reduction of forests (43.2%), shrublands (9%) and grassland 

(42.3%) and added to farmland. The other LULC type which has gained is settlements (urban 

areas) in different places within the Eco-region.   

The amount of ecosystem values lost as a result of the above-mentioned deforestation is estimated 

by computing value from (TEEB 2009). Considering the minimum value of forest, i.e., US$ 6,120 

ha-1 year-1 (TEEB 2009), the total value of forest ecosystem lost between 1985 and 2015 in the 

study area was US$757,356,120. However, proper accounting of the lost opportunity in BMER 

needs to be made because of the fact that, among others, the kinds of forests considered by TEEB 

probably have different forest composition and structure.   

The BMER LULC has undergone a lot of change. Similar to forest, LULC shrubland and grassland 

were also affected highly. Both lost their size in 2015 by 13.5 and 12.1% respectively compared 
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with the size in year 1985 (Nune et al., 2016b). Limited area from Afroalpine, woodlands and 

Erica-dominated ecosystems have been converted to other land uses mainly farmland.  

Another pressing issue encountered and widely reported but still with little effort to resolve is the 

livestock pressure on the Afroalpine montane vegetation and the unique genetic resources of 

BMER.   The population of livestock grazing in the Sanetti Plateau of the Bale Mountains is 

increasing from time to time. Subsequently, the habitat of the giant mole-rat has been highly 

degraded through trampling and overgrazing by domestic animals which in turn affected the 

endemic Ethiopian Wolf. This endemic animal species depends on the giant mole-rat 

(Tachyoryctes macrocephalus, Ruppell, 1842) for food. The Ethiopian Wolf further threatened by 

domestic dogs --disease.  Both the Ethiopian wolf and giant mole-rat are already on the IUCN list 

of endangered species. 

Conservatively, about 24.6 million tons of carbon was removed from forest resources in BMER 

within the study period. Similarly, from shrubland alone, over 3 million tons of carbon were 

removed (Nune et al., 2016b). Even though it is hard to conclude that all removed carbon is 

released to atmosphere it may be difficult to ignore it as well because of the fact that wood is used 

locally for biomass energy. Additionally, since most of the farmers are subsistence farmers fire 

might be used to clear the forest.  

In our study area, there are drivers of land use and land cover change which need monitoring at 

both spatial and temporal scale. Such drivers are farmland and settlement expansion (Nune et al., 

2016b). As discussed above, the major land use and land cover affected includes forest, grasslands 

and shrublands.  The impact of such change on livelihoods, biodiversity, water availability, and 

other ecosystem services is well felt/recognized by the local community and the country at large 

(Nune et al., 2015). The Institutional arrangements discussed by Nune et al. (2016a) made an 

attempt to show the significance of dedicated and appropriate institutional arrangements for the 

effective management of environmental resources. 
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Implementation of Sustainable Development Goals (SDGs) need careful planning where achieving 

one goal should not undermine others. Addressing poverty reduction in developing country may 

be achieved through development of agriculture where deforestation is intensified. Likewise, 

addressing climate change through reduction of emissions from deforestation and forest 

degradation should not undermine the values of other non-carbon benefits such as biodiversity and 

Non-Timber-Forest Products (NTFPs).  

Over 1.5 billion people heavily depend on forest for their livelihood worldwide (FAO 2001; 

UNEP, 2014).  Significant number of households in Africa also earns income from forest. NCBs 

in forested regions of Ethiopia are very much interlinked with the livelihoods of local communities 

living in- and around the forests. Household income in BMER is supported from income generated 

from NCBS ranging from 10-51.4%. Empirical study shows that the benefits provided by tropical 

forests from their provisioning, regulating and cultural services are estimated at US$ 6,120 -16,362 

ha-1 year-1 (TEEB, 2009). Under the regulation service, the value of tropical forests for regulation 

of water flows has the highest value of US$ 5,235 ha-1 year-1. Over 12 million people depends on 

BMER for water. Thousands of households depend for wood (firewood and construction), NTFPs, 

medicinal plants, as protection from flooding, pollination, disease regulation, fodder, etc. (Nune et 

al., 2015). For effective REDD+ implementation, communities should have full access to NCBs 

or the proponents of the REDD+ need to provide alternatives.   

Valuation of ecosystem services derived from forest and other landscape calls for immediate action 

to respond to the SDGs. Moreover, inclusion of such accounting method in the national planning 

and make them as one of indicators for short, medium and long-term plans has paramount 

importance.  

The following summaries are made regarding non-carbon benefits (Nune et al., 2015): 

a. Resource inventory: comprehensive resources inventory or accounting in a given landscape 

would provide sufficient information to decision makers and resource managers to, among others, 
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determine conservation and management priorities, and use the information as input for spatial 

planning. In this inventory or accounting, resources that have both local and global significance 

should gain equal attention. In this regard, assessment of biodiversity and establishing its 

relationship with carbon stock would improve decisions on forest management.  

b. non-carbon benefits enjoyed by local communities: rural communities in developing countries 

in most cases use biomass energy to cook, heat and get light in their houses. In most cases this 

biomass energy is collected from their surroundings for free. Over half of the world’s population 

use wood, crop stubbles and animal dung for cooking, heating and lighting (Butler et al., 2005). 

This report from Butler et al. (2005) indicated that poor women and children are affected as 

biomass energy indicated above got scarce.  Likewise, fodder/grasses for their cattle come from 

forests, communal lands and croplands (crop residue). Forest coffee and honey are important 

products harvested from a landscape especially in moist part of forests in Ethiopia. Quite large 

number of households derive income from these products, which they use it to cover school fee 

for their children and medical bills for those who prefer modern medicines. Other non-carbon 

benefits include construction materials, fibers, and medicinal plants (an estimated 80 percent or 

more of rural people use medicinal plants in Ethiopia) (See result section for detail information on 

most important NCBs for local community).  

c. Fodder: Assessing quantity and quality of fodder availability compared with the total TLU in 

the intervention area is important development intervention to reverse land and forest degradation 

that comes from overgrazing (relevant to REDD+ implementation). In this regard, applying 

principles of carrying capacity during the design of any intervention should be considered (See 

result section for detail information on livestock). 

d. water: Water is limiting factor in developing country for domestic and agriculture use, and 

power generation, amongst others. Water supply is very much influenced by the amount of rain 

obtained in the previous years. Landscapes with better land cover such as forests do have better 



 

  

 

 117 

 

water resources compared with other areas. Therefore, assessing water budget in the area and its 

correlation with land cover and land use calls for research in dealing with landscape approach. 

Forest land cover reduces soil erosion rates to between 0.37t/ha and 63.8t/ha lower than on lands 

under shifting cultivation (Chomitz and Kumari, 1995 in UNEP, 2015).  Every day, each person 

needs 20-50 litters of clean water (free from harmful chemical and microbial contaminants), for 

drinking, cooking and hygiene (Butler et al., 2005). However, the same source indicated that over 

1 billion people do not have access to such safe water.  

e. Landscape approach should have an arena for pests and disease accounting or most pressing 

environmental problems affecting production and produces. Coffee wilt disease, rust disease, land 

degradation, drought, absence of water and feed during dry seasons, invasive species, hailstorm 

were some of such problems listed by the communities (Nune et al., 2015). The likelihoods of 

disease outbreak such as malaria and dengue fever as a result of deforestation, habitat alteration, 

environmental cotamination by infectious disease agents, reductions in biodivesity (including 

natural predators of vector organisma) is reported in the Mellanium Ecosystem Assessment (Butler 

et al., 2005).  

f. Livelihood in the rural communities depends on the ecosystem services that nature including 

land provides to them. Most of the services and products are free. Pollination services of forest 

and trees and other plants species in a landscape significantly contributes for production of honey 

and wax, cross fertilization of fruits and other agricultural crops. The more diverse the forest the 

more options for such services. The value of such service was evaluated in South African fynbos 

vegetation as R65 of Value-Added hive-1 year-1 in terms of honey production alone (Hassan, 2003). 

In 1997 approximately 15,000 hives were used for pollination of fruit orchard. Bee keepers were 

paid R147 per hive per cycle by fruit farmers. Two pollination cycle year-1 generates income of 

R294 to farmers (Hassan, 2003). The contribution of forest and woodland to livestock grazing was 

accounted as 13% of the total value-added (Hassan, 2003). 
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Since landscape comprises different environmental resources (in most case), which are providing 

different services and products, different actors or stakeholders draw attention towards different 

resources. It is imperative to avail an institution that can address the interests of all. The institution 

preferably should follow similar arrangement from national to local level to avoid confusions in 

the rights and responsibilities in the management of the ERs as well as REDD+ implementation, 

among others (Nune et al., 2016a): 

a. community rights should be respected: communities are not governed by sector. Communities 

live with the ERs found within their boundaries (landscape).  When large scale investment or any 

other initiatives are planned the right of the community seems unrecognized, because most 

decisions are made by authorities above their jurisdiction. One way to resolve the problem might 

be providing tenure security to the community such as providing forest certificate, communal land 

certificate, water certificate, cultural site certificate, which could strengthen the implementation of 

REDD+ effectively. Branding of products developed by the community through sustainable 

landscape management can be beneficial (UNEP 2014). Additionally, the legal entities (police and 

judges) should protect the communities’ rights so that communities are not deprived of their right 

as a result of corruption, nepotism, favoritism, etc. Respecting and considering their bylaws 

developed for management of forests in a participatory way (PFM) as a policy document is 

necessary.  

b. Robust planning system should be in place: the planning system should address the interests of 

most, if not all, stakeholders in a given landscape. Appropriate and sufficient indicators at higher 

goal level, outcome level, output level and activity level need to be developed through 

participatory and inclusive process which needs to be bottom-up and horizontal (in all directions 

and dimensions). Institutions, that are ready enough for such change should be encouraged and 

capacitated. Others need to be encouraged to follow suit. Information, knowledge and financial 

and material resources should not be bottleneck for such initiatives. Additionally, appropriate 

planning tools should be availed. Effective ways of dealing with common planning probably shall 
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help to think outside the box. Coordination, division of labour, rights and responsibilities can be 

achieved when there is synergy in planning. Working in partnership with all stakeholders in a 

landscape seems the way forward to avoid unplanned and unsustainable land use and land cover 

change, including deforestation and forest degradation, hence, achieve the SDGs.   

c. capacity of the existing institutions should be capable of dealing with current and future 

challenges emanating from climate change and other social tensions: State of emergency is not an 

option.  One town/city in the USA called Flint was in the State of Emergency because water that 

comes from tab has concentrated lead and caused health problem (The New York Times, 2016); 

the level of pollution in Kolkata, India was reported as unhealthy (over 172-Real Time Air Quality 

Index (AQI)) (US Consulate, 2016). The same source rated pollution rate in Addis Ababa as 

‘Moderate’ or 67 AQI. The recent unpleasant incident in Ethiopia regarding death of more than 

110 people because of the ‘unmanaged landfill’ in an area called Koshe (Al Jezeera, 2017a, b) is 

reported by national and international media, such as Aljazeera, CNN and the Guardian, among 

others. Institutions’ capacity to develop proper and inclusive policy, strategy and plan to prevent 

such events should be strengthened. These events can be considered as good lessons to implement 

REDD+ effectively. Prediction of future climate impacts and adaptation strategies lie in having 

professionals of high caliber and state-of –the-art technologies.  Moreover, ERs institutions should 

think of having spatial planners who has ability to engage at all level of development such as in 

participation, consultation, representation and appeal. Spatial planners in this context are required 

to allocate land for various purposes without undermining any ERs; hence, deforestation and 

degradation of forests, among others, are controlled or monitored effectively.  Scientific and social 

criteria in identifying and analyzing suitability and capability of the land are the embryo of the 

exercise. Allocating land for different purposes based on its potential can avoid unplanned land 

use and land cover change, and prevent loss of invaluable ERs and save lots of money. Concept of 

optimization should be guiding principle in any land use planning endeavor.    
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d. Motivation of Community- Based Organizations (CBOs) mostly is influenced by several factors. 

These are incentives, speedy response to their requests (from police and court), anti-corruption 

measures, getting recognition of their rights and power by others such as Woreda administration. 

Moreover, the internal factors such as active participation of members, having quality leadership, 

free of influence from local leaders/elders or chiefs. CBOs are grass root institutions and they must 

be organized in a manner to respond to ERs problems but not specific to certain sector for example 

forest only. Participatory Forest Management CBOs are getting recognition by many stakeholders 

and decision makers but their role is limited to forest only. The scope of their mandate should be 

increased to include water, wildlife, watershed development, etc. Tailor-made and continuous 

capacity building programs should be designed. The capacity building/development activity 

should not be left to Development Agents that are weak in their performance, among other things.   

The notion of ‘communities know less than we’ should be abandoned and consider them as the 

main stakeholders in the effort to combat local and global threat of climate change. Then we need 

to provide them quality capacity building trainings so that they can transform themselves and bring 

best solution for ERCM in general and landscape approach in particular. ‘In many remote rural 

areas, however, the effectiveness of government institutions is hampered by unclear or overlapping 

mandates, conflicts of interest, unclear property rights, corruption, and a lack of resources’ 

(Kusters, 2015). 

The result of the review undertaken on GI presented absence of proper GI in BMER in particular 

and in Ethiopia in general. The existing infrastructures in urban areas of BMER need significant 

improvement. Otherwise, GI, landscape approach and ecosystem approach are interrelated 

concepts. The three concepts address social, economic and ecological or environmental 

sustainability. The communality between them lies in those three pillars of the sustainable 

development. Due to this fact, it is recommended that GI should be considered in the future 

research agenda. Henceforth, the discussion shall be based on available knowledge.  
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GI is considered as the fundamental infrastructure in landscape development and consideration of 

the quality and criticality of such infrastructure is important (Roe & Mell, 2013). The landscape 

approach encompasses the concepts, tools and methods deployed in a landscape in order to achieve 

multiple economic, social and environmental objectives (Minang et al., 2015). Landscape 

approach is emerging as an important concept because of the failure in sectoral approach to natural 

resources management (Kusters, 2015).  Pelorosso et al. (2015) presented GI as natural and 

engineered ecological system localized at landscape scale and fully integrated with the built 

environment. GI increases resilience of an urban system and provides ecosystem service to urban 

dwellers. On the other hand, the GI concept is in European policies since 2010 with the main aim 

to implement all European Union Biodiversity targets (Mejia, et al., 2015). GI encompasses 

naturally occurring and human-built features of having different purposes including provision of 

mass transport, establishment of health clinics to provide health services for problems arise from 

urban pollution (Svendsen et al., 2012). GI is represented as a network of hubs, sites and links 

(Mejia et al., 2015). Hubs are usually large protected areas such as national parks and ecoregions 

(Benedict and McMahon, 2002). They are the central part of the GI.  European Union commission 

described GI as a concept addressing the connectivity of ecosystems, their protection and the 

provision of ecosystem services, while also addressing mitigation and adaptation to climate change 

(European Environment Agency, 2011). In addition to the ecosystems goods and services 

provision GI role in increasing the resilience of ecosystem is well acknowledged by the 

Commission.   

Therefore, it is possible to argue that the concepts of GI and landscape approach are more or less 

similar. Both approaches are multifunctional, comprise networks of different land uses and land 

covers, address conservation and management of biodiversity and environmental sustainability, 

people cantered and engage multi-stakeholder. In both approaches different or competing interests 

are addressed for optimum solution for the benefits of conservation, development and economic 

growth. However, landscape approach focuses more on the natural environment but GI considers 

both natural and manmade features [of engineering in nature]. In this regard, GI is very well 
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appropriate to make urban areas green in Africa or in Ethiopia then connect it to broader landscapes 

in suburbs and rural areas where landscape approach is well accommodated. Conversely, in urban 

setting more used term is GI than the landscape approach. Because major land use in urban areas 

is covered with manmade structures such as buildings, paved roads, selected roadside and 

homestead plantations. Few areas are with woodlands or forests. Diverse land uses similar to rural 

landscape is hard to find in many urban areas.   

However, it must be noted that GI can have different meanings. Wright (2011) argued, among 

other things, that the meaning of GI is fluid, because many authors defined it in a way that makes 

sense for them in which it may range from designing of green space to landscape ecology and 

environmental protection at large and recently it also includes climate change adaptation and 

mitigation. This is also well pointed out by Benedict & McMahon, (2002) that “green 

infrastructure means different things to different people depending on the context in which it is 

used”. Because of this fact different authors may define GI in a different way but the most 

important thing is many acknowledge its multifunctional, connectedness and smart conservation 

(European Environment Agency, 2011). The concept has been given definitions, but is not yet 

explicitly “defined” as different interests attach different environmental, social and economic 

meanings to it” (Wright, 2011). According to the same source, “A single precise meaning of “green 

infrastructure” is problematic because the concept is evolving and divided between environmental 

theory and socio-economic policy”. Practitioners should be careful not to overlook environment 

while they are addressing socio-economic benefits of GI (Wright, 2011).  

GI, as discussed above, has relevance to SDGs (Figure 7 & Table 12). When GI is linked or 

interconnected with Landscape Approach the contribution or relevance to SDGs increases 

significantly. GI further can contribute for the achievement of SDG number 12, sustainable 

consumption and production, since much of the agenda on goal #12 will be determined by urban 

consumption patterns, which also link to the consumption of marine and rare (trafficked) species 

(Doll, 2015). 
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5.1. Land Use and Land Cover Change in BMER of Ethiopia during 1985-2015 

LULC changes have been widely investigated in different parts of the world, e.g. in the USA and 

Europe (Molders, 2012), South America (Gibbs et al., 2010;  Lee et al, 2011), Australia (Deo et 

al., 2009), Asia and Africa (Gibbs et al., 2010), and Ethiopia (Biazin & Sterk, 2012;  Mengistu & 

Waktola, 2016;  Bewket & Abebe, 2013;  Kidane  et al., 2012;  Kindu et al., 2013). These studies 

have shown that expansion of agricultural land, both for commercial and subsistence crop 

production is the main driver of LULC changes (Hosonuma et al., 2012). 

In this study, three research questions were addressed, i.e.: (i) Which LULC type either gained or 

lost most as a result of the observed LULC changes? (ii) What were the major drivers of the LULC 

change/deforestation? and (iii) What was the approximate amount of carbon stock removed as a 

result of deforestation during the study period? 

The results reveled that farmlands gained the most in their area cover among other LULC types 

during 1995-2015. On the contrary, forests lost substantial areas during the study period with an 

annual average deforestation rate of 4,661 ha. The other affected two LULC types were shrublands 

and grasslands. Gibbs et al. (2010) confirmed that substantial amount of new cropland in East 

Africa and South America was derived from shrublands. Farmland expansion in the BMER has 

intensified at the expenses of the three LULCs, and, to some extent, the Erica-dominated and 

woodland LULC types also contributed to the expansion of farmlands. Demand for food for the 

growing population seems the probable driving force, amongst others, to farmland expansion from 

1985 to 2015. As discussed above, in the eco-region, an area of about 10,575 ha was annually 

added to farmlands, mainly, from the removal of forests. This finding is in line with the findings 

of Foley et al. (2011) who reported that agriculture is expanding in the tropics, and 80% of the area 

needed for this expansion comes from forests.  

The extent of deforestation may vary from one year to another depending on various factors. 

Sometimes government policies tend to favor food security projects or programs that may intensify 
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the rate of deforestation. For example, Wakjira et al. (2015) showed that local administrators in 

Harena Buluk District of BMER encouraged inward migration and settlements in the forests and 

other natural vegetation areas to increase the population of the district. Elections in Ethiopia were 

conducted during the years 1995, 2000, 2005, 2010 and 2015. Relationship between election and 

deforestation reference to different form of payoffs [allocating of ‘underdeveloped’ land, such as 

forest to landless individuals to settle and farm; allowing (legally or illegally) deforestation 

activities of large-scale agriculture firms; increasing agricultural credit for farmers so that they can 

expand their agriculture land to forest area] was analyzed in Brazil (Pailler, 2016). The study 

demonstrated the presence of such relationship between election and deforestation. Drought forces 

many local people to migrate from drought-stricken areas to forest regions where better water, 

forage and moisture for agriculture are found. Even though it was not documented well, many 

people from such an area migrated and settled in the BMER since the mid-1990s (Wakjira et 

al.,2015). This has resulted in deforestation to create land for crop production. 

The increment of farmlands at the expense of other LULC types in the study area, especially 

forests, shrublands and woodlands, may be a manifestation of the weak or inappropriate 

institutional arrangements in the study area (Nune et al., 2016a). The weak integration or 

coordination between and among various sectors that have interest in the landscape, lack of 

common planning tools capable of monitoring and evaluating the losses and gains of area covers 

by the different LULC types and informing stakeholders accordingly, and priority given to 

agriculture are among the major factors that contributed to the observed undesirable losses in the 

area cover of the different LULC types, especially forests.   

FAO (2009) and other studies, for example Gibbs et al. (2010), are predicting the need for more 

food by 2050 because of increment in human populations in the world. The population in Ethiopia 

is at an ever-increasing trend and represents the second largest population in Africa. The annual 

population growth in the major part of the study area, Bale Zone, is estimated at 77,000 (see the 

result section and Figure 17). Therefore, to feed the increasing population, obviously, increasing 
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the area of croplands or farmlands overrides other interests. However, when it is operated in the 

absence of proper land use plan and also when the institutions are weak to enforce the available 

laws/bylaws developed by user groups, such as Participatory Forest Management (PFM) User 

Groups (Nune et al., 2016a), the expansion of farmland becomes unsustainable. It cannot provide 

the solution described by FAO and other studies. The world needs sustainable increase in food 

production (also consumption). Unsustainable expansion of farmlands affects biodiversity (fauna, 

flora and micro-organisms) and other ecosystem services, such as water budget of an area, exposes 

landscapes to pests and diseases, leads to degradation of land (Power, 2010; Foley, et al., 2011), 

and leaves forest-dependent people more vulnerable to poverty. Nune et al. (2015) reported that 

significant portion of the household income in BMER comes from the forest resources. For 

example, forests contributed 40.2 and 18.8% to the household income in Harenna Buluk and 

Nansebo Districts, respectively. A publication on land degradation (Barbier and Hochard, 2016) 

concluded that people who are living in and around degraded lands are actually poorer than those 

in areas that are not degraded.  

Unsustainable farmland expansion to areas covered by forests, shrublands and grasslands 

accelerates soil erosion because of soil disturbance during cultivation. This will, eventually, lead 

to decline in productivity, which, in turn, leads to the routine application of chemical fertilizer to 

boost productivity. The continuous use of chemical fertilizers may lead to contamination of water 

bodies and affect biodiversity in addition to increasing greenhouse gas emissions (GHG) (Power, 

2010). In the deforested regions of Ethiopia, the top soils are already degraded substantially, 

causing the soil depth to drop down to less than 10 cm (European Union Delegation to Ethiopia, 

2016). In this region, especially in the highlands, it is estimated that 30,000 ha of productive lands 

are lost annually as a result of soil erosion. For example, the annual production forgone due to soil 

erosion in the Amhara National Regional State alone was nearly 10,000 tons (WBISPP, 2004). 

The annual loss of GDP from the Agriculture sector in the country has been estimated at 2.3% due 

to land degradation (Ministry of Agriculture and Rural Development, 2010). Land degradation is 
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linked to food insecurity, vulnerability to climate change and poverty (Barbier & Hochard, 2016). 

Hence, land degradation and poverty are becoming inseparable problems for the rural poor.  

Despite the fact that PFM and a Protected Area Management System exist in the BMER, 

encroachment and expansion of the farmland to forests and grasslands is still a major concern. 

Observing cattle and other domestic animals in the Erica-dominated and Afroalpine vegetation 

zones is common. Hillman (1988) revealed that the northwest, north and east of the BMNP or the 

BMER were used by pastoralists extensively. Later on, extensive parts of these areas were 

allocated for large-scale production of wheat and other crops because of government policy. The 

pastoralists were forced to settle down through the villagization programme (Hillman, 1988). 

According to Teshome et al. (2011), the BMNP lost 12,000 ha of montane forest within 32 years, 

and pastureland expanded at the rate of 2,800 ha annually. These reports should not be surprising 

since the grasslands have already been converted to farmlands; farmers had no choice, but use the 

Erica-dominated and Afroalpine LULC types for grazing their animals. The use of these LULC 

types for grazing may, subsequently, affect the existing water systems and soil formation 

processes, endangering the sustainable flow of the major rivers (at least four) that spring from the 

plateau (Hillman, 1988) and serve countries in eastern Africa.  

The population inside the BMNP has increased from 2,500 in 1998 (Wakjira et al., 2015) to > 

40,000 in 2003. The knock-on effect of population growth on the Ethiopian Wolf (Canis simensis) 

in the Afromontane parts of the study area has been extensively documented by Randall et al. 

(2011). One of the documented challenges, among others, has been genetic erosion of the 

Ethiopian Wolf because of uncontrolled breeding with domestic dogs. It can, therefore, be 

concluded that government policy has played a significant role in LULC dynamics in and around 

the BMNP.  

The results from this study revealed that the major driver for LULC change is expansion of crop 

lands. This finding is in agreement with results from previous studies (Woldu et al., 1989; Gibbs 
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et al., 2010; Teshome et al., 2011; Kidane et al., 2012;  Kindu et al., 2013;  Iqbal & Khan, 2014). 

The farmland expansion is also linked to the population growth. There is strong correlation 

between population growth and crop land expansion. Therefore, it can be concluded that 

population growth has driven the expansion of cropland in the area at the expense of grasslands, 

forests and shrublands. Another driving force for expansion of the farmland is, probably, the 

government policy. Hillman (1988) has reported how the grazing areas used by pastoralists were 

converted to farmlands. As a result, even in the 1980s, the shortage of grazing land for domestic 

livestock was witnessed, especially during cropping seasons (Hillman, 1988).  

In Africa in general and Ethiopia in particular, LULC change has been the main driver of GHG 

emissions (Gibbs et al., 2007;  DeFries & Rosenzweig, 2010; Gibbs et al., 2010). In 2011, the 

Ethiopian government declared to reduce the GHG emission to the 2010 level while growth 

trajectory stays double digit to bring Ethiopia forward to the middle-income country by 2025. One 

of the mechanisms to reach the stated target is through conservation of forest resources, application 

of climate-smart agriculture, livestock and feed management and use of renewable energy 

(Environmental Protection Authority, 2011). However, even today, emissions from deforestation 

are being witnessed. Forest loss between 2000 and 2013 in Ethiopia exceeded one million ha, the 

highest loss being in Combretum - Terminalia forests, followed by moist Afromontane and Acacia 

- Commiphora forests (MEFCC, 2016). According to MEFCC (2016), between 25 and 30% of the 

deforested land is occupied by agriculture and equivalent amount of forest land is converted to 

grazing land. As a result of the past and present anthropogenic factors as well as problems 

associated with inappropriate policy and institutional arrangements (Nune et al., 2015), substantial 

amount of GHGs are released, among other negative impacts on the environment (Ramankutty  et 

al., 2008; Gibbs et al., 2010;  Foley et al., 2011). About 30-35% global GHG emissions come from 

deforestation as well as methane and nitrous oxide emissions as a result of agriculture practices 

(Foley et al., 2011). Conservatively, about 24.6 million tons of carbon was removed from the forest 

resources in BMER within the study period. Similarly, from the shrublands alone, over 3 million 

tons of carbon was removed.  
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Other losses associated with LULC changes are ecosystem services. For example, in Nenjiang 

River Basin of Northeast China, all of the ecosystem service values (ESVs) declined from 1980 to 

2005 (Wang, et al., 2015). The total decline of 2.43 billion USD was, mainly, due to the cultivation 

of grasslands (14.34% of the area in 1980) and wetlands (4.62% of the area in 1980) in the 

downstream plain. Similarly, a study focusing on the analyses of four decades of LULC change in 

the Munessa Shashemene landscape, Ethiopia, revealed a loss of ESVs equivalent to US$ 19.3 - 

45.9 million (Kindu et al., 2015). It is important to note that the value differs depending on the 

type of coefficient employed. Given the fact that the BMER ecosystem is one of the few unique 

ecosystems in the world, the ESVs lost would be unimaginably high. The loss of these EVSs in 

the BMER, thus, requires urgent investigations.  

The unique genetic resources of BMER are under pressure. According to Vial et al. (2010), the 

population of livestock grazing in the Sanetti Plateau of the Bale Mountains has increased. Also, 

the production system is leading to the degradation of the habitat of the endemic Ethiopian Wolf. 

This animal species depends on Giant Mole Rat (Tachyoryctes macrocephalus) for food. Both the 

Ethiopian Wolf and Giant Mole Rat are already in the IUCN list of endangered species (IUCN, 

2015) since their populations are declining. The habitat of Giant Mole Rat has been highly 

degraded through trampling by domestic animals. The Ethiopian wolf has been under threat from 

domestic dogs, which have also the potential to transmit diseases (Vial et al., 2010).  

In general, the current drivers of LULC change in BMER are anthropogenic. Intervention on 

family planning, amongst other things, is required to maintain population growth commensurate 

to the carrying capacity of the area to ensure environmental sustainability. Equally, creating green 

jobs that can absorb the available labor force in the rural area to reduce or prevent further LULC 

changes should be an agenda for action in the future. Furthermore, transdisciplinary policies that 

equitably address social, economic and environmental issues in the BMER are required.  
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Land allocation to different uses in the study area should be made based on principles of land use 

plan or spatial planning categories. There is a need to match capability of the land with the social 

needs, economic benefits and ecological sustainability, and prioritize interventions in such a way 

that benefit of the present and future generations are ensured. This entails the active engagement 

of spatial planners (Nune et al., 2016a). Failure to engage in such interventions would accelerate 

the ongoing trends of LULC changes with undesirable consequences on the cover of forests, 

shrublands and grasslands, and the associated deforestation and degradation of natural resources. 

This, in turn, would make achievement of SDGs, particularly 15.1, 15.2, 15.4 and 15.5, difficult 

for Ethiopia. Therefore, a paradigm shift is required towards availing and implementing proper 

land use policies and dedicated institutions. Moreover, interventions, which sustain the utilization 

of environmental resources in the study area, need to be designed. Optimum rather than maximum 

utilization needs to be sought for. 

5.2. None-carbon Benefits for Effective Management of REDD+: The case of Bale Mountains 

Eco-Region, Southeastern Ethiopia 

The number of woody species in four districts differed. Dodolla being dry tropical forest comprises 

less number of tree species than the others, and the highest number of woody species was recorded 

in Harena Buluk. Density of trees ha-1 and Shannon diversity index were higher in Harena Buluk, 

whereas carbon stock was highest in Dolo Mena. But, the number of species registered in Dolo 

Mena was less than Harena Buluk and Nansebo. Evenness in Dolo Mena was higher than the rest 

of the three districts, and the highest similarity was found between the forests in Dolo Mena and 

Harena Buluk districts. Despite the fact that the number of species in Harena Buluk and Nansebo 

were higher, their similarity in woody species composition was only 45%.  The lowest woody 

species similarity was observed between Dodolla and Harena Buluk.  

Forest products and NCBs that are very important to the communities are highly associated with 

their livelihoods. Fuelwood was the most important forest benefit in three out of the four study 
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districts. The weighted average of annual per capita energy consumption for all households in rural 

and urban Ethiopia is 1.16 m3s or 241 kg of oil equivalent (Ministry of Natural Resources 

Development and Environmental Protection, 1994). Each household in the study area collects the 

specified amount freely. In the absence of fuelwood, it is clear that the rural community in the 

study area would not have other means for cooking, heating and lighting. However, coffee emerged 

as the most important benefit in the other district, namely Dolo Mena. In Dolo Mena, communities 

appreciate the contribution of forest coffee for their annual household income in addition to their 

daily consumption. In general, forests provide multiple benefits at local to global scales (Agrawal 

and Chhatre, 2009). In the context of this study, coffee and carbon can be considered as global 

benefits.  

The contribution of forest to local economy is significant when compared with other incomes 

where NCBs, such as forest coffee, honey and forage for livestock, are extracted or harvested by 

the local people. Still, in the absence of the above-mentioned NCBs, the contribution from forest 

had positive correlation with total household income. Watson (2007) estimated that a household 

earns annual income of US$ 1,157.00 from crop production, US$ 228.00 from livestock, and US$ 

407.00 from forest products in BMER. In her study, forest coffee was not a major force in income 

generation as most of her sampled kebeles were located at the upper limit of the coffee belt. Also, 

the income from livestock she considered was selling of live animal only. Unlike the analysis made 

by Agrawal and Chhatre (2009), this study indicated presence of relationship between carbon stock 

and benefits to the community in the case of Dodolla and Harena Buluk districts. 

Monitoring of biodiversity in tropical forest areas, such as BMER, has significant importance. 

According to Woods-Schank (1990), extinction of a single plant species in tropical forests means 

the “demise of as many as 30 animals”. In forests that are managed by the community or through 

PFM, more biodiversity implies effective efforts in carbon conservation because of other non-

carbon benefits that come as source of livelihoods for communities. For instance, forest 

communities with more plant diversity provide more honey production that may be related to more 
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pollen source with species having different flowering periods and, hence, continuous provision of 

pollen throughout the year for bee foraging. Another important benefit of plant diversity 

conservation, among many others, is decreasing susceptibility to diseases, unlike monoculture 

plantations. Higher plant diversity in natural forests exhibits good undergrowth and various 

vertical strata that makes the soil resilient to wind and rain or water disturbance. Soil disturbance 

may be minimal to affect stable soil carbon stock in this regard. In addition, conservation of 

biodiversity could ensure the sustainability of contributions of reducing emissions from 

deforestation and forest degradation (REDD+) to combat global climate change.  

The objective of this study was not just to justify the importance of biodiversity. The major aim 

was to demonstrate that monitoring of biodiversity in addition to carbon stock is crucial for 

decision makers and practitioners in fighting against climate change and achieving the objectives 

of sustainable development. Hence, the study provides evidence that monitoring of biodiversity is 

possible while carbon is monitored. 

Although weak statistical relationship between the Shannon diversity index and carbon stock was 

observed, the results from this study can inform the policy makers that maintaining plant diversity 

while also conserving/enhancing carbon in the natural forests is possible/important. Strassburg et 

al. (2010) made similar test whether species richness has correlation with carbon stock. Their study 

covered mammals, amphibians and bird species in the analysis of biodiversity. They have also 

considered both above- and below-ground biomass in the estimation of carbon stock. They found 

a strong association between carbon stocks and species richness. Conservation of biodiversity 

contributes to increased resilience of ecosystems, ecosystem stability and improved habitat (Bann, 

1998). 

One important achievement from the present study confirms that estimating plant diversity indices 

can be made while measuring the carbon stock without additional cost. The same data that are 

collected for the analysis of carbon stock can be used to estimate parameters important for the 
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sustainable management of forests, such as basal area, density, frequency and important value 

index in addition to diversity indices. 

Diverse forest ecosystems have diverse values for communities. This was explained by the 

communities and the non-carbon benefits range from shade during hot sunny days to products, 

such as honey, medicine and forage. Hence, forest management has to recognize and consider the 

needs of the local communities to sustain the flow of non-carbon benefits and products from the 

existing natural forests. REDD+ implementation needs to respond to the needs of the community 

in this regard. Though fulfilling international commitments are crucial in effecting REDD+ 

mechanisms, integration of all non-carbon benefits into the negotiation is more crucial for its 

(REDD+) success. Therefore, considering non-carbon benefits in the design and implementation 

of REDD+ is important. Otherwise, acceptance of REDD+ by local communities may be a 

challenge or completely lacking. 

Future research needs to consider plant species less than 2 cm in diameter, seedlings, ferns and 

mosses. Furthermore, considering other pools in addition to above ground biomass may give 

different picture. 

5.3. The Actual and Potential Contributions of Green Infrastructure to Achieve Sustainable 

Development Goals under Appropriate Policies and Institutional Arrangements 

Social, economic and environmental benefits of GI are recognized in the literature. The importance 

of GI is mainly acknowledged in North America (Benedict and McMahon, 2002), Europe 

(European Environment Agency, 2011), but less in Africa. On the other hand, urbanization in 

Africa is increasing at a faster rate while infrastructure needed by the society is very slowly 

progressing. Implementation of GI should be accelerated to combat climate change related 

impacts, such as flooding, because such accidental calamities are frequent in most African urban 

areas. If business as usual continues, in the Africa urban areas may not be able to achieve the 
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SDGs.  The role of trees and other vegetation as GI in urban areas is well accounted by, for 

example, Gill et al. (2007). 

The limited data collated from different sources indicate that GI is not yet in the agenda of any 

discourse in Ethiopia. Due to little or no attention given to GI, interventions related to GI are 

insignificant. In BMER, towns are expanding at a faster rate, leading to direct impact on land use 

and land cover change, and other social infrastructures. Per capita waste generation and household 

biomass energy consumption are also at an increasing rate because of population growth.  CSA 

(2004) indicated that about 82.4% of the houses in urban areas are built using wood and mud. Both 

biomass energy and house construction have impacts on implementation of REDD+.  

Moreover, financial savings that could be gained by cost effective investments, such as in building 

energy-efficient, small-scale renewable and more efficient vehicles and transport systems could 

be between 1.7 and 9.5% of annual city-scale GDP compared with the business-as-usual trend 

(Gouldson et al., 2014).  

Implementation of GI can provide job opportunities to many unemployed. For example, waste 

management, production of seedlings, preparation of planting sites, planting and tending, 

construction of trails and cycle lanes can absorb many unemployed people. Production of 

technologies suitable for adapting and mitigating climate change in the transport sector, building 

sector, agriculture and water management are opportunities waiting for many African young 

entrepreneurs.   

As it is mentioned above, streams and rivers are not utilized in a way that can contribute to 

contribute to food and nutrition security, especially in Ethiopia. In most cases, the river system is 

used for agriculture and domestic use by the small holder farmers. But, the rivers need to be 

cleaned to guarantee health safety. Once the rivers are cleaned from pollution from urban 

households, open defecation and industrial waste, sustainable flow of water can provide fish, 

tourism and other products in addition to the small-scale irrigation.  
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Capacity of urban planners and local administration to guide local communities or urban dwellers, 

private sectors and NGOs in creating synergies to design and implement GI should be available. 

Otherwise, whatever good plan exists its implementation may not be realized. Additionally, 

sufficient budget for the implementation of GI-related action should be allocated.  Global 

temperature is rising. Cities need to become resilient and sustainable more than ever (Pelorosso et 

al., 2015). Limiting GHG emission, either in rural areas as a result of land use land cover change 

or urban centers as a result of transportation, waste management and other factors, must go hand-

in hand. As such, the urban development choices adopted in African cities in the next decade will 

not only affect urban residents, but will have global implications (Cartwright, 2015). Failure in 

achieving sustainable cities worldwide will affect 50% of the world population. Hence, it will be 

unrealistic to achieve the SDGs. African urban centers have population less than world average. 

Hence African urban centers do have an opportunity to grow green and sustainable because most 

of the urban areas are under construction. Hence, urban planners and policy developers in Africa 

have to take the green growth path to make use of the existing opportunity so that urban population 

and sustainable cities can grow together.  

Implementation of GI is in line with strategy developed by many African countries to combat 

climate change, for example, the Climate Resilient Green Economy Strategy of Ethiopia (CRGE) 

(Environmental Protection Authority, 2011).   

Proper planning and implementation of GI requires knowledge/capacity at system, organizational 

and individual level, finance, and stability in institutional arrangements, among others. Institutions 

may limit the success of urban GI.  

It is worth noting that the role of cities or urban areas to achieve SDGs and combat climate change 

is significantly high because urban areas are, among other things, home to all or majority of 

decision makers (Doll, 2015). 
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Finally, leaders of urban areas should take part in any discourse regarding rural development, in 

general, and landscape approach, in particular. Because, urban centers are less likely considered 

in rural development-related consultations and discussions; hence, the issue of environmental 

resources conservation and management (ERCM) may be a bit far from them. In many cases, it is 

the rural communities (farmers or pastoralists) who are mostly consulted regarding ERCM, but 

not the urban dwellers as far as Ethiopia is concerned. Therefore, in the future, urban centers should 

be engaged in the discussion that may lead to landscape approach.  

In conclusion, sector-based approach, which is inefficient and ineffective, should be transformed 

to GI approach in urban settings, and reforming of institutions and their planning systems (Nune 

et al., 2016a) should be given the highest priority to address the already available initiatives, such 

as REDD+ and other emerging issues. 

5.4. Institutional Arrangements for Effective Management of Environmental Resources 

(including REDD+ implementation) 

5.4.1. Rights and Responsibilities in the Management of Environmental Resources 

Sectoral offices confirmed that they have rights and responsibilities in ERCM. They are also 

responsible to implement policies. However, more than half of them stated that they do not have 

rights to enact laws. The power to enact laws in connection with ERCM, historical sites and objects 

is vested in the Federal Government. Member States of the Federal Democratic Republic of 

Ethiopia (FDRE) only have the power to administer land and other natural resources in accordance 

with federal laws (FDRE, 1995). Thus, it is not clear how some of the respondents came to claim 

as having the power to enact laws and policies. In an ideal situation, the right to manage ERCM 

should include the right to make decisions in favor of ecological/environmental, social as well as 

economic benefits irrespective of where the sectoral office is situated, be it federal, regional or 

Woreda. 
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Although the sectoral offices confirmed that they have rights and responsibilities: (a) their decision 

power is controlled by higher authorities who have weak capacity to influence (Mekonnen & 

Bluffstone, 2015), b) sectors at woreda level cannot enact any sort of laws, and (c) their capacity 

is constrained by frequent changes in institutional arrangements, poor staffing and limited funding, 

among others (Mekonnen and Bluffstone, 2015). Under this circumstances, it might be very 

difficult to implement REDD+ on the ground.  

These results showed that community rights matter most, but decisions (policies, legislations and 

regulations) affecting these rights are being made at ministerial level. Although giving recognition 

to community rights is important, unless it is accompanied with conducive environment to exercise 

them creates a kind of one-step ‘forward’ and two steps ‘backward’ situation. The instruments 

available to ensure community rights are vague. In some areas, owners of ER, such as farmlands 

and communal lands have a legal document (land certificate) issued by the government, which 

exhibits their ownership rights. However, there are no such legal documents for forests, forest 

lands and wetlands. One of the mechanisms could be revisiting the property rights systems in the 

country. Property rights affect the incentives and structure for collective action at both the 

community and household levels (Doss and Meinzen-Dick, 2015). For example, Natura 2000 is a 

network of core breeding and resting sites for rare and threatened species found within Europe’s 

28-member states. It is not entirely nature reserve without people rather most of the land is 

privately owned (European Commission, 2016). Forest tenure rights will, probably, determine the 

success of REDD+ implementation in BMER and elsewhere in Ethiopia.   

Recognizable variations are observed in the responses within and between sectors regarding rights 

and responsibilities, which may indicate that the capacity of experts representing different sectors 

to understand and interpret the existing policies, laws and decision mechanisms, and implement 

them on the ground is limited. Failure to understand the existing policies, including the Federal 

Constitution, and decision mechanisms in unison can create delay and confusion in the 

implementation modalities. 
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5.4.2. Robust Planning System within Institutions Involved in ERCM 

Planning reform is needed to respond to the wider environmental, social and economic demands 

of the society. These results show that the existing planning and programming do not address the 

interests of actors in a landscape. The reason might be associated with constraints, which limit the 

performance of sector plans. According to the respondents, the constraints are skilled manpower 

limitation, poor planning, inappropriate institutional arrangements, lack of sufficient materials and 

finance, weak monitoring and evaluation system, poor leadership, and ‘thinking only inside the 

box’. “The more complex the institutional order, the deeper the division of labor, the less one 

single person can ‘see’ or ‘know’ the whole picture. In these circumstances, all decision-making 

could be subject to error (Aligica and Boettke, 2009). But, working in partnership with other 

sectors to ensure sustainable development at the local level can be rewarding. Such coordination 

helps to avoid land use conflicts in a landscape. Additionally, the actions proposed to be taken are 

based on wider environmental perspectives rather than being sector specific, hence, errors can be 

minimized or easily adjusted (Aligica and Boettke, 2009). Unfortunately, the existing system does 

not require cooperation among various sectors during planning and programming or to exchange 

information and knowledge apart from implementing what is written for their respective mandates. 

Each sector would like to maximize its outcome; for example, the agriculture sector always puts 

emphasis on how to increase production area and productivity irrespective of other environmental 

and social costs. They are afraid that they may fail to meet the production quota set by the 

government if they are to cooperate and form a common planning tool or result framework with 

other relevant sectors. Such reluctance is a result of fear that the sectors concerned with the 

environment, such as forestry and environmental protection agencies, may resist deforestation for 

agriculture expansion, use of commercial fertilizers, pesticides or herbicides altogether. Therefore, 

such sectors prefer defection rather than cooperation (Taylor, 1987). 

Moreover, there is no sanction imposed on those who are focusing only on their institutional annual 

plans. Conversely, there is no mechanism or incentive for sectors that wish to cooperate with other 
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sectors during planning. Government or the public at large can put coercive measures or incentives 

in place so that sectors can develop robust planning system for ERCM. In that case REDD+ 

implementation can also be effective. For example, disregarding the possibility of human rights 

violation in the process, China used coercive measures to control its population growth (Hardin, 

2007). 

Limited consultation in a landscape takes place before any plan is endorsed, as opposed to the ten 

principles of LA. The plans may not satisfy the needs of actors as these actors have different 

interests and needs, leading to sub-optimal and sometimes unethical outcomes (Sayer et al., 2013). 

The emerging stressors of climate change require integrated interventions that link plot-level 

decisions with larger planning frameworks-value chain development and landscape-level 

management (Simpson and Burpee, 2014). Thus, integrated spatial approach for REDD+ 

implementation requires reform in planning. 

Transaction costs, interest, information and knowledge are cited as limiting factors to have 

common result framework in ERCM. Transaction cost in this study refers to costs associated with 

executing activities outside of ‘mandates’ specified by higher authorities of each sector offices. 

The interpretation of the results from this research is that the cost of planning together has to be 

less than the profit that individual sector offices gain, though there is no evidence whether or not 

the cost of transaction is higher. Because, in planning and coordinating of ERCM the expected 

outcome is greater than the total achieved by each working separately.   

In this study, despite the fact that transaction cost emerged as the highest response compared with 

others, FGDs showed that interest of an organization or an institution can determine the type of 

intervention in ERCM. The BR and PFM groups in the SOER approach ERCM institutions in a 

competitive manner, i.e. in a negative way. Both BR and PFM concepts are relevant, but due to 

lack of interest to work together, one can witness unnecessary confusion between and among 

institutions, which is counterproductive.  
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The role of proper information and knowledge that individuals within an institution have about 

common result framework is also acknowledged by the respondents. It is necessary that institutions 

should be sufficiently ready to accommodate future uncertainties posed by, for example, climate 

change. Therefore, having common result framework for ERCM can enhance the flow of 

information and new knowledge to respective sectors. According to Aligica and Boettke (2009), 

new knowledge gives rise to new possibilities. Information, knowledge, communication and 

coordination are some of the building blocks of the emerging vision of social order.  

5.4.3. Capacity of Existing Institutions 

Institutions are responses or solutions to generic challenges or ‘threats’. Understanding the nature 

of the ‘threats’ operating at different levels offers clues for understanding the institutional 

arrangements emerging as a response to them (Aligica and Boettke, 2009). Challenges at the grass 

root level are different from challenges at higher levels: Federal government being the highest 

decision-making body while Kebeles are the lowest administrative units (Figure 32). 

 

Figure 32. Institutional arrangement schema (Govt = Government). 

Our findings indicate that the existing policies are not perfect or satisfactory to respond to the 

interest of actors in a landscape even though some sectors feel otherwise. Policies are issued at the 

Federal level. Sectoral ministries and their mandates are also determined at Federal level. Even 

though EIA is mandatory to practice in most ERCM sectors addressed in this study, 

implementation is subject to the governments’ willingness at both federal and national regional 
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levels, especially when it comes to government-related projects and programs (Fante, 2015). 

Having legal instruments and policies is one thing, but they are of no use if not implemented. It is 

better to realize that” one can never do merely one thing” as every action has its own consequences; 

hence public policies must primarily be concerned with consequences (Hardin, 2001). 

Moreover, the results revealed that staff turnover is one of the limiting factors for institutional 

capacity to operate sufficiently. High staff turnover, amongst others, is a real concern in common 

environmental resources management, for example, forests in Ethiopia (Mekonnen and Bluffstone, 

2015). Mostly, reasons for staff turnover are search for better payment and career development. 

Most ER-related decisions are made at the higher level (Ministerial and State Ministerial levels). 

Also, such power is vested in higher authorities, including road sector, regarding infrastructure 

development and large-scale agriculture investments. This is operated in the absence of spatial 

planners in landscapes or absence of land use plan at all. The decisions and plans made at the 

higher-level lack the knowledge of the spatial planning categories and their context. But, to effect 

landscape level challenges in natural resources management, providers of extension and advisory 

services have to work with and through multi-stakeholder decision processes, help broker 

agreements, strengthen management structures and mediate conflicts (Simpson and Burpee, 2014). 

Ethiopia needs spatial planners from federal to kebele levels. To implement spatial planning, the 

development of relevant laws, policies, guidelines, procedures and incentives call for attention 

(United Nations, 2008). Legislation relevant for the landscape approach is required. Those that are 

not relevant should not be left to hamper the process. European commission has over 200 legal 

acts to monitor the 27-member states on their performance in environmental fields (European 

Commission, 2016). The legislative measures cover all environmental sectors, including water, 

forest, air, nature, waste, noise chemicals and others, which deal with cross-cutting issues such as 

environmental impact assessment, access to environmental information, public participation in 

environmental decision-making and liability for environmental damage. Capacity building may be 
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required to have skilled spatial planner. These planners should have the ability to engage at all 

levels of development, i.e.: (a) participation, (b) consultation, (c) representation and (d) appeal 

(United Nations, 2008), which are very much relevant to implement REDD+. Also, planners in a 

landscape need to consider having strong networks to mobilize others or the ability to speak 

eloquently whenever there are decisions by consensus in an open meeting (Doss & Meinzen-Dick, 

2015).  

If large scale investments and infrastructure development initiatives, e.g. roads, are orchestrated 

by the Federal Government, the capability of sector offices to control the negative impacts on 

forests (as well as REDD+), wildlife, water and other natural resources seems unrealistic. The 

current practice shows that land is being used the way it suits the user(s). Steep Mountain tops are 

under cultivation. National Parks are serving as grazing land for livestock (e.g. BMNP). Hence, 

the cost of environmental damage is probably already high. If Ethiopia continues the “business as 

usual”, more productive areas may be turned into food insecure zones; the implementation of 

REDD+ probably might be difficult if not impossible. In Europe, the costs of not implementing 

current legislation are broadly estimated at around €50 billion a year in health costs and direct 

costs to the environment (European Commission, 2016). 

Maintaining experienced staff through provision of required skill, education and improving 

working environment, including benefits for results achieved is an important step to improve 

capacity of the institution or any institution. The study revealed that knowledge and skill to identify 

and analyze current and future challenges of ERCM is limited, if not lacking in most cases. For 

example, technologies applicable to a specific geographic area are applied wrongly to different 

agro-ecology and socio-economic situations. Therefore, maintaining or recruiting professionals 

who have capacity to cope with the current and future challenges is required since the ability to 

cope with the future is a necessary condition for any institutional design (Aligica and Boettke, 

2009). 
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5.4.4. Motivation of community-Based Organizations 

CBOs, such as those involved in Participatory Forest Managements (PFM), are grass root 

institutions responsible for forest management and REDD+ implementation. Their performance is 

determined by a number of factors, both internal and external. Active participation of members 

and having quality leadership make or break the CBOs. During the FGDs, it was clear that law 

enforcement is very much dependent on the performance of the law enforcement committee as 

well as the good collaboration of the justice and police departments, amongst others. Among 

challenges CBOs face today, delay in decision making by the courts and corruption are worth 

noting.  

Participation is a function of incentives. CBOs can be motivated well if incentive is available and 

the external support to enforce the law is conducive and predictable. Incentives can range from 

food aid in areas of food insecure woredas for community-based area enclosures (Mengistu et al., 

2005), lower taxes on revenues to protection of rights (Leite et al., 2014; Doss and Meinzen-Dick, 

2015). It is presumed that when someone does not own a resource, one has no long-term interest 

in sustaining the resource over time and, thus, cannot be expected to act beneficially towards that 

resource (Ostrom and Cox, 2010). In this regard, ensuring forest tenure rights to the CBOs can be 

one of the effective incentives for REDD+ implementation.   

Incentives should be seen quickly. The longer the time it takes to enjoy the benefits/incentives 

from any kind of investment, the more it makes collective action problematic (Doss & Meinzen-

Dick, 2015). Among incentives for CBOs, recognition of their rights, responsibilities and power, 

facilitating various means, such as property rights (communally) through certification, and 

increasing their capacity to manage and monitor ER, including REDD+ monitoring and reporting, 

and defending their rights are very crucial. 

Cognizant of the fact that CBOs are key institutions at the grass root level, there was unanimous 

agreement on the establishment of more CBOs wherever they are required. Forest certification to 
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CBOs is as important as land certification to improve tenure or ownership rights and, in a way, 

can be considered as incentive to them. It is very important to keep in mind that insecurity of tenure 

can undermine collective action (Doss & Meinzen-Dick, 2015) 
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CHAPTER 6. CONCLUSION AND RECOMMENDATIONS 

6.1. Conclusion 

Analyses of LULC changes for three decades revealed the trends and also which LULC types were 

affected either positively or negatively. Eight major land use land cover types were identified, and 

their extent in terms of coverage were assessed between 1985 and 2015. The overall accuracies of 

these classifications were 85.2, 87.2, 76.9 and 87.9% for 1985, 1995, 2005 and 2015, respectively. 

The results from this study revealed that between 1985 and 1995, an estimated area of 50,271 ha 

was converted to farmland from the other LULC types. Of these, 37.6, 35.9 and 16% represented 

areas lost from the forest, grassland and shrubland LULC types. In the following 10 years (up to 

2005), about 48 and 43% of the areas covered by forests and shrublands were converted to 

farmlands. However, between 2005 and 2015, the area conversion from shrublands to farmlands 

declined to 9%. During the same period, forests and grasslands were converted to farmlands with 

more or less the same magnitude, i.e. 43.2 and 42.3%, respectively.  

In total, 123,751 ha of forest, 93,078 ha of shrubland, 83,158 ha of grassland, 2,473 ha of Erica-

Dominated, 3,601 ha of woodlands and 3,455 ha of Afroalpine vegetation were lost during 1985-

2015. The major driving force behind all this change is farming. Strong correlation between the 

areas of farmlands and cropland expansion was observed. Also, strong correlation between 

population growth and crop land expansion was observed. Some indications, such as local political 

election may have effect on LULC change especially deforestation but this needs further 

investigation.  

More than 24 million tons of carbon has been removed from the forest ecosystem during 1985-

2015 in BMER. The majority of this carbon has, probably, been released to the atmosphere in the 

form of GHG. The potential of the forest ecosystem to absorb CO2 from the atmosphere has also 

been reduced.  
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Though not directly investigated in this study, the expansion of farmlands driven by population 

growth may have also resulted in the loss of ecosystem services. This needs further investigation 

to compare it with the economic gained through agriculture (crop production and livestock 

production). Using ecosystem service value of US$ 6120 ha-1year-1 attached for tropical forests 

indicated in TEEB (2009), an estimate was made to understand the value of ecosystem services 

lost because of deforestation in BMER. This estimate considered the study period between 1985 

and 2015. Accordingly, about US$ 757,356,120 were lost as a result of conversion of natural 

forests alone. However, as discussed above, proper accounting of the lost opportunity in BMER 

needs to be carried out.  In general, proper natural capital accounting calls for action. 

In the future, allocation of land needs to be based on land use policies. Tagging values for each 

land cover as per the SDG 15.9, which describes integrating ecosystem and biodiversity values, 

may be one of the mechanisms to limit unplanned expansion or invasion of one sector to the other.   

Zooming into the forest the contribution of NCBs to local economy must be recognized by the 

climate change elites properly, in addition to accounting carbon. Significant portion of household 

income (see result section) in the study area comes from forests as NCBs. The most important 

NCBs in BMER were fuelwood, construction wood, coffee, air, fodder, water and honey. the forest 

biodiversity helped the community to get access to all the NCBs.  We have not considered 

intangible forest uses in our calculation. Declining or complete loss of such benefits could lead the 

local communities for other options, such as migration, expansion of agriculture land within and 

outside of forest areas and illegal logging, to mention a few.  

It can be concluded that failure to recognize NCBs would lead to failure in REDD+ 

implementation. Therefore, it is critically important to consider the available NCBs in forest area 

where REDD+ programme is planned and account them properly so that local communities can 

get access to the NCBs while the programme is implemented. By considering the NCBs and 

developing the same for greater benefits can have at least dual benefits, i.e.: effective REDD+ 
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implementation and controlling of leakages and avoiding in search of more land for crop 

production.   

Pressure on forest not only comes from local communities living within the forested landscape, 

but also from the surrounding landscapes, including urban centers. Fuelwood for urban 

consumption come from surrounding forests. As it is indicated above, urban expansion replaced 

land uses, such as farmlands and grasslands in BMER. To compensate what is lost for urban 

expansion, communities may affect forests. The approach to manage landscapes must be changed 

from very narrow sector-based to landscape approach. SDGs should be implemented not in a 

competitive basis, but in complementing manner. The success of one goal should never affect or 

demise the other goal. In this regard, both LA and GI were found as an ideal concept to be 

integrated into any planning or development of both rural and urban centers. In the future, urban 

centers in BMER should be considered as part of the eco-region.  

At different times, different concepts are emerging to give best possible solutions for the problems 

encountered at any given place and time. The concepts of ecosystems approach, GI and LA are 

very interesting concepts. No contradictions have been found between them, but we considered 

the three concepts as important concepts that landscape managers and urban planners can benefit 

by using them whenever and wherever they are applicable. One can start with GI in urban centers 

and expand the concept to rural areas. On the other hand, landscape managers in the rural areas 

could start with LA and integrate important elements of GI into their landscape. For example, 

green corridors used to connect different natural assets in a landscape can strengthen the resilience 

of that particular landscape as well as serving as corridors for wild animals, including avifauna. 

Likewise, whenever the concept of ecosystem approach is needed in a certain area, it can be easily 

applied within either of the two concepts.  

The finding from the assessment of GI in Ethiopia in general and, to some extent, in urban centers 

located in BMER shows that GI per se is not yet in any of the government plans. Considering or 
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implementing GI in urban centers would complement the implementation of REDD+ in a 

landscape, among other benefits.  

 Most urban centers in Ethiopia are avenues for old vehicles, which consume huge amount of fossil 

fuels. Fossil fuel is the most important non-renewable natural resource contributing to GHG 

emission and, hence, global warming. Replacing this old and inefficient system with other options, 

such as use of efficient vehicles, alternative fuels (bio-diesel), improving infrastructure, promote 

mass transportation, use of non-motorized transport, such as bicycles, are proposed by the 

Ethiopian Government. Such initiatives need to be translated into action in a faster rate than current 

mode of operation. The initiatives should not be limited to certain cities. They should also include 

important towns, such as the ones in BMER.  

The review indicated that total building-related emissions are expected to rise to 6.4 million tons 

of CO2-e by 2025, of which 25% is attributable to off-grid energy consumption and 75% to waste. 

Initiatives exist to modernize energy in urban areas in Ethiopia to reduce emission from biomass 

burning and, among others, reduce negative impacts on human health. Some initiatives, such as 

the Repi project in Addis Ababa, can increase electricity supply for household use as primary 

output and, above all, they can be instrumental in mainstreaming of waste management strategies 

into national programmes. However, significant amount of waste is not being used. From towns in 

BMER 21,449 kg waste day-1 is thrown away.  

It is high time now to convert waste to money. The design and operation of waste management 

systems must be sensitive to changes in future climate. Diverting waste from landfills through 

recycling initiatives and circular economy approaches can assist in improving the resilience of the 

city to future climate change. Waste management can create many jobs in addition to its impact 

on climate change. 

Lack of coordination between different offices responsible for regulatory and implementation, 

including the private sector and urban dwellers, created gaps in addressing social problems, which 
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are briefly discussed above. The impact does not remain in urban settings, but spills over to 

surrounding landscapes and beyond. To improve the social and environmental situation of urban 

systems well-coordinated efforts at all level are required. Absence of coordination and lack of 

capacity at institutional as well as professional levels have consequences. For example, as 

mentioned above, the river system is, as yet, to be developed.  

The knock-on effect of deforestation has adverse effect on other environmental resources, such as 

water and biodiversity, and also rural livelihoods whose livelihood depends on NCBs. This could 

be a manifestation of the discussions made above that the rights and responsibilities are not clear, 

policies are imperfect or weak, there is no robust planning and programming system, capacities of 

sectoral offices at the lower levels are extremely weak, and community property right situation is 

unclear. In general, the institutional arrangements required for effective implementation of 

REDD+ and management of environmental resources need critical review and analyses so that it 

is possible to design responsible institutions for ERCM at all levels. This includes availing 

knowledgeable and all rounded professionals at all levels, with proper incentive mechanisms, who 

could be able to cope with future challenges emanating from climate change, and other social 

tensions. ERCM deserves at least professionals who think ‘outside the box’. Planning reform is 

recommended to be the main component of the institutional design. 

6.2. Recommendations 

Based on the results of the study the following recommendations are forwarded: 

1. Land use policy and its implementation to regulate unplanned land use and land cover 

change must be given due attention to make use of the existing ecosystem services for 

economic and social development. Establishing a system of natural capital accounting is 

recommended. Creating alternative livelihood strategies must be part of the REDD+ 

implementation so that communities are not only dependent of the forest resources in the 

area.  
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2. Accounting of NCBs should be government’s priority for sake of  local community’s  as 

well as successful implementation of REDD+. Household income ranging from 10-51% 

coming from forest NCBs should be well recognized while REDD+ implementation is 

planned.   

3. Green Infrastructure and Landscape Approach are very important concepts that Ethiopian 

(or African) policy makers should consider during development of policies, strategies, 

annual and multiyear plans to fulfill commitments to their citizens and respond to the 

international commitments that they have made, e.g. Paris Agreement and SDGs. Both 

concepts are recommended to be captured at the national policy levels. Also, AUC and 

NEPAD can capture the concepts at their policy levels.  

4. Proper institutional arrangements to manage ERs in Ethiopia should gain closer attention. 

Roles and responsibilities must be clear, and synergy among different initiatives in a 

landscape can be materialized when dedicated, strong and stable institutions are available. 

An incentive mechanism should be developed to motivate communities as well as experts 

working in the sustainable management, utilization and conservation of ERs.  
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APENDICES 

Appendix 1. List of woody species recorded from the four study sites in BMER with their scientific and family names, densities (DE), frequency (FR), 

dominance (DO) and important value index (IVI). 

Species* Nansebo Haranna Buluk Dolo Mena Dodolla 

 DE FE DO IVI DE FE DO IVI DE FE DO IVI DE FE DO IVI 

Acacia albida (Fabaceae) 0 0 0 0 3 14 0 1 0 0 0 0 0 0 0 0 

Acacia lahai (Fabaceae) 0 0 0 0 6 14 0 1 0 43 0 2 0 0 0 0 

Agave sisalana (Agavaceae) 0 0 0 0 1 29 1 2 0 0 0 0 0 0 0 0 

Albizia grandibracteata (Fabaceae) 6 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Allophylus abyssinicus (Sapindaceae) 0 0 0 0 12 29 1 2 3 29 0 2 0 0 0 0 

Apodytes dimidiate (Icacinaceae) 0 0 0 0 17 14 0 2 16 43 12 8 0 0 0 0 

Arundinaria alpina (Poaceae) 118 29 2 4 0 0 0 0 0 0 0 0 0 0 0 0 

Balanites aegyptica (Balanitaceae) 0 0 0 0 0 0 0 0 0 0 0 0 36 29 1 11 

Bersama abyssinica (Melianthaceae) 13 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Brucea antidysenterica 

(Simaroubaceae) 
33 29 1 2 0 0 0 0 0 0 0 0 30 29 0 9 

Buddleja polystachya (Buddlejaceae) 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 2 

Calpurnia aurea (Fabaceae) 0 0 0 0 0 14 1 2 0 0 0 0 0 0 0 0 

Canthium euryoides (Rubiaceae) 1 14 1 1 15 57 1 4 5 86 3 6 0 0 0 0 

Carissa spinarium (Apocynaceae.) 0 0 0 0 22 29 0 2 0 0 0 0 0 0 0 0 
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Cassipourea malosana 

(Rhizophoraceae) 
20 57 1 4 158 57 4 14 18 71 2 6 6 14 0 3 

Celtis  africana (Ulmaceae) 15 29 2 3 14 71 3 6 13 100 10 10 0 0 0 0 

Coffea arabica (Rubiaceae) 10 14 0 1 117 29 0 7 1298 43 8 91 0 0 0 0 

Combretum molle (Combretaceae) 0 0 0 0 0 0 0 0 0 0 0 0 39 14 50 36 

Cordia africana (Boraginaceae) 0 0 0 0 12 57 1 4 1 29 2 2 0 0 0 0 

Croton macrostachyus 

(Euphorbiaceae) 
65 86 21 26 36 100 11 17 22 71 14 11 0 0 0 0 

Discopodium penninervum 

(Solanaceae) 
0 0 0 0 44 14 0 3 0 0 0 0 60 29 0 14 

Dombeya goetzenii (Sterculiaceae) 7 14 1 1 0 14 0 1 0 0 0 0 0 0 0 0 

Ehretia cymosa (Boraginaceae) 35 29 3 4 121 100 5 15 10 86 2 6 0 0 0 0 

Elaeodendron buchananii 

(Celastraceae) 
0 0 0 0 43 43 1 4 10 100 5 8 0 0 0 0 

Embelia schimperi (Myrsinaceae) 0 14 0 1 3 14 0 1 0 0 0 0 0 0 0 0 

Erica arborea (Ericaceae) 0 0 0 0 0 0 0 0 0 0 0 0 10 14 6 7 

Erythrina abyssinica (Fabaceae) 2 29 2 4 0 0 0 0 0 0 0 0 0 0 0 0 

Erythrococca abyssinica 

(Euphorbiaceae) 
3 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Fagaropsis angolensis (Rutaceae) 7 14 0 1 8 43 0 2 1 43 1 3 0 0 0 0 

Ficus exasperata (Moraceae) 0 0 0 0 2 57 2 4 0 29 0 2 0 0 0 0 

Ficus sp. (Moraceae)   0 0 0 0 2 43 1 2 5 43 2 3 6 14 0 3 

Ficus sur (Moraceae)) 0 14 1 2 0 0 0 0 0 14 0 1 0 0 0 0 

Ficus vallis-choudea. (Moraceae) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Filicium decipiens (Sapindaceae) 0 0 0 0 68 43 1 6 21 100 20 15 0 0 0 0 

Flacourtia indica (Flacourtiaceae) 0 0 0 0 3 14 0 1 0 0 0 0 0 0 0 0 

Galiniera saxifraga (Rubiaceae) 37 29 1 3 0 0 0 0 0 0 0 0 0 14 0 2 

Gardenia ternifolia (Rubiaceae) 4 29 1 2 1 29 0 1 0 0 0 0 0 0 0 0 

Hagenia abyssinica( Rosaceae) 0 0 0 0 0 0 0 0 0 0 0 0 9 43 19 17 

Hippocratea africana (Celastraceae) 3 14 0 1 3 29 0 1 0 14 0 1 4 29 0 4 

Hypericum revolutum (Hypericaceae) 0 0 0 0 0 0 0 0 0 0 0 0 5 43 3 8 

Ilex mitis (Aquifoliaceae) 2 43 3 5 0 0 0 0 0 0 0 0 11 29 1 6 

Juniperus procera (Cupressaceae) 0 0 0 0 0 0 0 0 0 0 0 0 7 29 45 29 

Lepidotrichillia volkensii (Meliaceae) 138 43 3 6 150 86 4 14 0 0 0 0 0 0 0 0 

Linociera latipetala (Oleaceae) 0 0 0 0 1 29 1 2 1 14 1 1 0 0 0 0 

Loranthus sp. (Loranthaceae) 10 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Maesa lanceolata (Myrsinaceae) 52 29 16 18 10 29 0 2 0 0 0 0 11 29 2 7 

 Manilkara butugi (Sapotaceae) 6 14 1 2 0 14 0 1 4 71 4 6 0 0 0 0 

Maytenus arbutifolius (Celastraceae) 64 29 1 2 183 57 2 12 0 0 0 0 43 43 34 32 

Maytenus undata (Celastraceae) 7 14 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Millettia ferruginea (Fabaceae) 23 43 3 5 35 71 4 8 0 14 0 1 0 0 0 0 

Mimusops kummel (Sapotaceae) 21 14 0 1 0 0 0 0 0 14 0 1 0 0 0 0 

Myrsine africana (Myrsinaceae) 0 0 0 0 0 0 0 0 0 0 0 0 13 14 0 4 

Nuxia congesta (Loganiaceae) 0 0 0 0 0 0 0 0 0 0 0 0 4 29 4 6 

Ocotea kenyensis (Lauraceae)   0 0 0 0 0 14 0 1 2 29 2 3 0 0 0 0 
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Olea capensis subsp. hochstetteri 

(Oleaceae) 
0 0 0 0 9 57 15 18 12 100 65 34 0 0 0 0 

Olea europaea subsp. cuspidata 

(Oleaceae) 
0 0 0 0 0 0 0 0 0 0 0 0 1 14 1 2 

Olea welwitschii (Oleaceae) 8 29 1 2 22 86 1 5 0 43 0 2 0 0 0 0 

Olea sp. (Oleaceae) 23 14 7 8 0 0 0 0 0 0 0 0 0 0 0 0 

Olinia rochetiana (Oliniaceae) 0 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Osyris quadripartita (Santalaceae) 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 2 

Piliostigma thonningii (Fabaceae) 0 0 0 0 0 14 0 1 0 0 0 0 0 0 0 0 

Pittosporum abyssinicum 

(Pittosporaceae) 
12 29 0 2 7 43 0 2 0 14 0 1 0 0 0 0 

Podocarpus falcatus (Podocarpaceae) 15 29 7 9 91 43 2 8 11 100 26 17 0 0 0 0 

Polyscias fulva (Araliaceae) 9 71 10 14 14 43 5 7 0 0 0 0 0 0 0 0 

Pouteria adolfi-fredericii 

(Sapotaceae) 
0 29 2 3 15 57 3 6 0 14 3 2 0 0 0 0 

Prunus africanum (Rosaceae) 31 43 20 23 0 29 0 1 0 0 0 0 0 0 0 0 

Psydrax schimperiana (Rubiaceae) 53 29 1 2 10 14 0 1 0 14 0 1 32 43 0 11 

Rapanea simensis (Myrsinaceae) 3 14 0 1 0 0 0 0 0 0 0 0 120 86 8 36 

Rhamnus prinoides (Rhamnaceae) 9 29 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

Rhus glutinosa (Anacardiaceae)   0 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Ricinus communis (Euphorbiaceae) 0 0 0 0 0 0 0 0 0 0 0 0 3 14 0 2 

Rubus steudneri (Rosaceae) 6 14 0 1 3 14 0 1 0 0 0 0 12 29 0 6 

Rumex nervosus (Polygonaceae) 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 2 
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Rytigynia neglecta (Rubiaceae) 6 14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Schefflera abyssinica (Araliaceae) 0 14 3 4 0 14 0 1 0 0 0 0 0 0 0 0 

Schefflera volkensii (Araliaceae) 1 14 1 2 0 0 0 0 0 0 0 0 3 29 5 7 

Schrebera alata (Oleaceae) 9 14 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Syzygium guineense (Myrtaceae) 14 57 50 54 46 86 2 8 14 86 24 16 0 0 0 0 

Teclea nobilis (Rutaceae) 134 86 5 10 22 57 1 4 2 14 0 1 0 0 0 0 

Trema guineensis (Ulmaceae) 0 0 0 0 1 14 0 1 1 43 1 3 0 0 0 0 

Trichilia emetica (Meliaceae) 8 57 6 9 0 14 0 1 0 0 0 0 5 29 0 4 

Urera hypselodendron (Urticaceae) 29 29 0 2 0 0 0 0 0 0 0 0 13 29 0 6 

Vepris dainellii (Rutaceae) 55 57 3 6 100 100 6 15 2 43 1 3 0 0 0 0 

Vernonia amygdalina (Asteraceae) 0 0 0 0 0 0 0 0 7 57 6 6 0 0 0 0 

Vernonia rueppellii (Asteraceae) 152 43 2 4 3 14 0 1 0 0 0 0 3 14 0 2 

Vernonia schimperi (Asteraceae) 10 29 1 3 0 29 0 1 0 0 0 0 0 0 0 0 

Warburgia ugandensis (Canellaceae)  0 0 0 0 2 57 1 4 9 86 12 10 6 14 0 3 

Ximenia caffra (Olacaceae) 0 0 0 0 116 71 3 12 2 14 0 1 0 0 0 0 

Unidentified 37 species 303    543    13    58    

Total 1592    2094    1503    550    

* Plant nomenclature used in this appendix follow those in Hedberg and Edwards (1989, 1995), Edwards et al. (1995), Edwards et al. (1997), Edwards et al. (2000), and Hedberg et al. (2006). 


