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1. Introduction
1.1. Background
The well-being of human population depends upon the services provided by ecosystems and their components: organisms, soil, water, and nutrients (Filho et al., 2021).The concept of services provided for the human well-being by natural ecosystems was framed in its present form during the end of the 20th century (Baskin, 1997; Daily, 1997). The current rate of biodiversity loss and ecosystem degradation resulting from anthropocentric activities far exceeds that ever recorded in the history of the Earth (Filho et al., 2021; MA 2005a; Layke, 2009; Costanza et al., 1997; MA, 2005a; Fisher et al., 2009; Maynard et al., 2010).
The term ecosystem services denote the economically valuable services generated by natural ecosystems as by-products of their normal functioning. One of the natural ecosystems is the forests ecosystems. Forest landscapes cover a third of the Earth's surface and are estimated to contain as much as two-thirds of all known terrestrial species. Forest ecosystems provide a wide array of goods and services. However, in the last 8,000 years, about 45% of the Earth's original forest cover has been converted (FAO, 2000).
Gambella National Park, found in Southwestern parts of Ethiopia, and Boma National Park found in South Sudan are potentially rich fertile and productive land, with diversified natural resources, and are highly suitable for agriculture. However, the natural landscapes of the theses parks have been subjected to a continuous transformation of landscapes (Tilahun, 2015; Taye et al., 2016; Degife and Mauser, 2017), attributed to both natural and anthropogenic drivers (Nyssen et al., 2014; Haregeweyn et al., 2015), threatening the environmental income sources and influences the livelihoods of the community (Degife and Mauser, 2017; Taye et al., 2016; Tilahun, 2015), and leading the local population for food shortages (Degife and Mauser, 2017). These dynamic changes have brought visible changes to the ecosystem services provided by forest and wet landscapes of the parks (TAMS and ULG, 1997). Moreover, even though the value of landscape ecosystems is well recognized and different approaches for managing landscape ecosystems are being developed, landscape management approaches failed to achieve land management objectives due to fundamental natural, social and user-generated problems associated with policy formulation and implementation
1.2. Statement of the Problem
Over the past 50 years, humans have changed ecosystems more rapidly and extensively than in any comparable period time in human history, largely to meet rapidly growing demands for food, freshwater, timber, fiber, and fuel. This has resulted in a substantial and largely irreversible loss in the diversity of life on Earth (MEA, 2005). More land has been converted to cropland in the 30 years after 1950 than in the 150 years between 1700 and 1850. Cultivated systems now cover one-quarter of Earth’s terrestrial surface (MEA, 2005). The main environmental impacts of agriculture come from the conversion of natural ecosystems to agriculture (Filho et al., 2021; Tilman, 2002).  In the face of an expanding world population and rapid economic growth, global agriculture has kept pace via incredible growth in scale and intensity. Increasing the extent and intensity of agriculture has placed more strain on already stressed ecosystems (MEA, 2005; Zhang et al., 2007). The changes to the environment associated with agriculture affect a wide range of ecosystem services including food and materials for human consumption, water quality and quantity, soil quality, air quality, carbon sequestration, pollination services, seed dispersal, pest mitigation, biodiversity, habitat change, and habitat degradation (IPCC, 2019). Agricultural intensification has become central to policy formulation, primarily as a strategy for reducing agriculture encroachment into forests, protected areas, and wetland areas (Mekuria, 2008),  expansion and intensification of cultivation are among the predominant global challenges of this century (Tilman, 2002).  Ecosystem services that have been degraded over the past 50 years include capture fisheries, water supply, waste treatment and detoxification, water purification, natural hazard protection, regulation of air quality, regulation of regional and local climate, and regulation of erosion, spiritual fulfillment, and aesthetic enjoyment. Approximately 60% of ecosystem services 70% of regulating and cultural services have been degraded (MEA, 2005), 
The impact of agricultural practices on ecosystem services has been manifested in food provisioning services, food provisioning services, water provisioning and supporting services, timber, fiber, fuel provisioning services, climate regulation services, and disease regulation services (Filho et al., 2021). As a consequence, agriculture is a leading driver of soil erosion, water pollution, biodiversity loss, and greenhouse gas emissions from land-use change (MEA, 2005). 
Human activities are rapidly changing land cover and land-use patterns and fragmenting habitats (Foley et al., 2005). Over 60% of large river basins of the world are fragmented by human activities (MA, 2005). These changes to landscape structure affect the provision of ecosystem services. The existence of natural landscapes has been threatened by unsustainable development initiatives like an intensification of agriculture and complete conversion of natural lands to commercial farming (Dixon 2003; Dugan, 1990).  
Ecosystems provide a various sort of services through payment mechanism which contributes surplus money to national income and supports to improve local livelihoods (Khanal et al., 2014). It provides several goods and services to humans via ecosystem function (Birch et al., 2012). These services are directly or indirectly linked by humans for all times support from its process and functions (Zhao et al., 2017). However, thanks to rapidly growing demands of the services, it's been degrading significantly during the recent past compared to the long-term history, which resulted in a substantial and largely irreversible loss within the natural diversity of life on Earth (MEA, 2005). Due to changing landscape and management, the ecosystem service values (ESV) has been decreased of USD 20.2 trillion/year from 1997 at global scale (Costanza et al., 2014).  
The decreasing ecosystem values at global and local scales are the major concerns to manage ecosystem services. However, still, studies on ecosystem values on Gambella and Boma national parks have not been carried out in detail. Therefore, the research gaps fall into three major areas of concern: the relationships between ecosystem function and agricultural investment; measurement and valuation of ecosystem services, and agricultural production and design of effective incentives for the provision of ecosystem services. 
1.3. Review of Related Literature
Agriculture is a dominant form of land management globally, and agricultural ecosystems cover the majority of the terrestrial surface of the Earth (FAO, 2009). Almost 40% of the world’s terrestrial surface has been transformed into agriculture, either for the cultivation of crops or for grazing of livestock, enabling tremendous opportunities for humanity and increased economic development (Ramankutty et al., 2008). Converting pristine lands into agriculture has however been identified together as the most causes for global land degradation and biodiversity loss over the past decades (Tilman et al., 2001). The decline of the generation of ecosystem services is alarming throughout the planet (MA, 2005; IPCC 2019). Food production has been targeted at the usually unintended cost of other services, e.g. non-cultivated provisioning, regulating, and cultural services (Foley et al., 2005; MA, 2005; Müller et al., 2016). Humanity now faces the challenge of catering to a growing population, with limited resources, and pressing finds long-term sustainable agriculture (Rockström et al., 2016). By improving the knowledge on the complex dynamics between the social and ecological aspects of agricultural landscapes, and the ecosystem services they generate, land management and environmental policy can specialize in increasing the multi-functionality of these landscapes (Foley et al., 2005; Parrott and Meyer, 2012). Viewing agricultural landscapes as ecosystem services acknowledges the landscapes as complex adaptive systems that constantly change, both gradually and abruptly (Walker et al., 2004; Folke, 2006). Ecosystem service assessments that don't consider the temporal dynamics during a changing landscape may soon be outdated and encounter undesirable surprises. A tool for dealing with change and complexity is scenario planning and it's increasingly been applied in environmental management and social-ecological systems (Carpenter et al., 2006) and ecosystem service research especially (Plieninger et al., 2013a, Reed et al., 2013).
1.4. Conceptual Framework
Ecosystem goods and services are the benefits that people obtain from ecosystems (MA, 2005). The issue of ecosystems goods and services is attracting increased attention as a way to communicate agriculture‘s dependence on the environment (Gomez-Baggethun et al., 2010). The contemporary agenda of ecosystem services highlights the long-term role that healthy ecosystems play in the sustainable provision of human wellbeing, economic development, and poverty alleviation across the globe (Turner and Daily, 2008). They have been defined as the conditions and processes through which natural ecosystems, and the species that make them up, sustain, and fulfill human life (Daily, 1997). There are many approaches to classifying the services that ecosystems provide to human beings (de Groot et al., 2002). An often-quoted framework is the Millennium Ecosystem Assessment, which identified four classes of ecosystem services (MA, 2005): Supporting services, provisioning services, regulating services, supporting services and cultural services. Provisioning services are the products people obtain from ecosystems, such as food, water, genetic resources, and fuel; Regulating services are the benefits people obtain from the regulation of ecosystem processes, such as climate regulation, water purification, and erosion control; Cultural services are the non-material benefits people obtain from ecosystems through spiritual enrichment, cognitive development, reflection, recreation, and aesthetic experiences.
The literature on agriculture and ecosystem services is largely focused on agricultural areas as the supplier of ecosystem services that are of benefit to the wider community, such as conservation of biodiversity (Daily, 1997). A literature search concerning ecosystem services and agriculture yielded many publications that analyzed the impacts of agricultural activities on ecosystems (Skinner et al., 1997; Swift et al., 2004; Butler et al., 2007; Nelson et al., 2009) or publications that assessed the ecosystem services that can be provided by agricultural landscapes (Campbell et al., 2006; Scott et al., 2006; Porter et al., 2009). Several studies have been focused on possibilities to compensate farmers for the provision of ecosystem services through the creation of markets (Engel et al., 2008; Pascual et al., 2010). The majority of existing studies focus on the impacts of agriculture on ecosystem conditions or agriculture as a source of ecosystem services supply. On the other hand, ecosystem services provide important services to agricultural production (Cullen et al., 2004: Zhang et al., 2007)
All communities around the world rely on ecosystems that provide a wide range of goods and services: provisioning(food, water, fiber, and fuel), regulating(climate regulation), cultural (spiritual, aesthetic, recreation, and education), and supporting (primary production). In meeting demands and raising production, a significant number of the world’s ecosystems have been degraded (MEA, 2005). This requires substantial changes in policy and practice and the conceptualization of a new paradigm in agricultural investment for sustainable development. Cognizant of these facts, this study will have the following significance:
1. There has been some literature related to the contributions of landscape management in response to ecosystem services, many of these works may not be significant concerning the specific situation with different socioeconomic, biophysical, and institutional settings of Gambella-Boma National Park. This study will, therefore, contribute to the existing agricultural land management knowledge on the state and significance of the biophysical environment for all stakeholders working in areas of natural resource conservation, livelihood diversification, climate change adaptation & mitigation, and institutional capacity building. 

Figure 1. Conceptual Framework
2. Since the study will explore landscape composition and configuration and its implication on landscape structure on Transboundary landscapes of Gambella- Boma national parks, the result of the study will be used to infer for policy discussions on spatial and temporal integrity of ecosystem services and agricultural investment. 
3. Many scientific studies based on sectoral approaches of land management over the past decade have made considerable progress on contributions of agriculture for ecosystem management, but there are still many unresolved questions on interaction between agricultural investment and ecosystem management at specific geographic locations like Gambella-Boma National Parks. The study therefore, tries to fill such gaps through applications of sustainable agricultural investment.
4. There is a rapid land use/land cover change especially the conversion of natural forests to agricultural lands in the study area. The study will contribute to policy discussions in changes in landscape pattern, composition and configuration accounted for biophysical degradation at the specific site in Gambella-Boma National Parks. 
5. Since the study will follow landscape ecosystem approach which recognizes the functional linkages across stakeholders, the findings of the study will help for policy discussions to improve the performance of landscape ecosystem services sustainably, thereby benefiting the national economy, and the communities in the study area;
6. The study will also contribute and provide national and international significance through developing the systemic capacity building for landscape ecosystem approach at the landscape scale and upscaling of the actions through connecting local actions to national and international development agenda to put into effect international partnerships that optimize livelihoods and food security in the study area.
1.5. Objectives of the study
The study will have four objectives focusing on Agricultural Investment and transboundary Ecosystem Management of Gambella and Boma National parks of Ethiopia and South Sudan. 
· To investigate agricultural investments and ecosystem management practices in Transboundary landscapes of Gambella and Boma National Parks;
· To examine the impacts of agricultural investment on ecosystem services in Gambella and Boma National Parks;
· To analyze stakeholders environmental governance and ecosystem management practices in Transboundary landscapes of Gambella and Boma national parks;
· To examine the synergies and trade-offs of ecosystem services and agriculture in transboundary landscapes of Gambella and Boma National Parks.
2. Materials and Methods
2.1. Description of the Study Area: The Gambella- Boma Landscape
The Boma-Gambella landscape is a Transboundary landscape between Ethiopia and the Republic of South Sudan, which stretches from the Gambella region in South-western Ethiopia to the Boma- Bandingilo landscape of the Jonglei and the Eastern Equatorial States in the Republic of South Sudan. This landscape is a diverse system of wetlands, rivers, savannah, open forest, bush and highland areas and includes Boma National Park in eastern South Sudan and Gambella National Park in South West Ethiopia. The Boma National Park encompasses the Boma and Bandingilo National Parks of South Sudan in northern Jonglei with a total area of 22,800km2 and the Gambella National Park of Ethiopia with a total area of 5,016 km2. There is great potential for the establishment of cross-border protected area networks covering a large extent of wetlands, lush savannah, lowland and riverine forests. 
The Boma-Gambella landscape is a Transboundary landscape between Ethiopia and therefore the Republic of South Sudan, which stretches from the Gambella region in South-western Ethiopia to the Boma-Bandingilo landscape of the Jongeli and the Eastern Equatorial States within the Republic of South Sudan. This landscape is a diverse system of wetlands, rivers, Savannah, open forest, bush and highland areas and includes Boma National Park in eastern South Sudan and Gambella National Park in Southwest Ethiopia. The Boma Park encompasses the Boma and Bandingilo National Parks of South Sudan in northern Jonglei with a total area of 22,800km2 and the Gambella park of Ethiopia with a total area of 5,016 km2. The area has great potential for the establishment of cross-border protected area networks covering a large extent of wetlands, lush savannah, lowland, and riverine forests. An important feature of the landscape is its hydrology, manifested largely by the expansive networks of both seasonal and permanent wetland. Pibor, Akobo, Gilo, Alwero, and Baro rivers form the Sobat river system, contributes up to 40% of the water of the White Nile at Malakal and 15% at Lake Nasir (Jonkeret al., 2015). Boma-Gambella is a component of the White Nile basin system with a mega diversity ecosystem that supports the sole wildlife population (Grossmann and Kasahun Abera, 2013; Malik et al., 2018).
[image: image5.jpg]Sudan o
b Ethiopia
e
Central \
African ¢ X
Republic %
\ Kenya
Uganda





Source: Arc GIS 2021
Figure 2. Location of Gambella and Boma National Park
2.2. Research Design
This research will be grounded in a pragmatism research philosophy. Accordingly, explanatory and exploratory research designs will be applied sequentially to best understand the existing problem (Creswell et al., 2011). The quantitative approach will be carried out in the first phase to gain an overview of the problem considering wider questionnaire survey participants and remotely collected biophysical data. The output of the quantitative analysis will be used to develop a semi-structured questionnaire for key informants and focus groups to gain in-depth insights into the problem (Hancock and Algozzine, 2011). A case study will be conducted to capture the practices, challenges, and success stories regarding natural resource management (Yin, 2014).
2.3. Research methodology
2.3.1. Sampling methods
The study will allow applying multi-stage sampling technique to select samples using a step by step process which are concentrated in a few geographical regions (Taherdoost, 2016). At the first stage, agricultural landscapes will be identified based on their geographical location using GIS techniques.. At the second stage, target population will be identified from each landscape. At the third stage, sample households will be selected from each landscapes using Kothari (2004) sample size determination formula. For Finite Population, Kothari (2004) suggested a simplified formula for calculation of sample size from a population which is an alternative to Yamane’ (1967) formula. 
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 (0.05), showing the acceptable error the precision level of 5%. 
2.3.2. Data sources and Collection tools
In this study, both Primary and secondary data will be used as major sources of information. The primary data for this study will be collected using Focus Group Discussions (FGDs),  In-depth interviews, and structured household surveys. Eight group discussion between eight and 12 respondents will be conducted of which for focus group discussions will be conducted in Gambella national park and four in Boma national park. The participants will be identified and screened from stakeholders involved in land management initiatives including local farmers, community  leaders,  local  or  international  NGO  representatives,  and government  officials who are  active in landscape management objectives such as conservation of natural resources, livelihood diversification, climate change adaptation and institutional capacity building. A sample size of 20-30 in-depth interviews will be conducted with a minimum of 10 in Boma national park and 10 in Gambella national park
Secondary sources will be collected by reviewing and analyzing various documents like research publications; government policies and strategies; and project documents of various organizations and institutions. The study will also make use of secondary data like satellite images, aerial photos, and topographic maps. Remote sensing (RS) analysis delivers synoptic information of LULC at a particular time and location (Roy and Roy 2012). The integrated GIS and RS application were found to be effective tools in understanding the rate of LULC change with time and space (Baidya, et al., 2009; Wang et al.,2011; Weng, 2002).
2.3.3. Methods of data analysis
Data will be interpreted and analyzed using descriptive statistics, econometric models, Geographical Information Systems (GIS), spatial pattern analysis software (FRAGSTAT).  Map interpretation will be applied using ERDAS IMAGIN 10. Moreover, FRAGSTAT 3.3 spatial pattern analysis software will be applied to analyze the landscape composition and structure of the study area. Statistical Package for Social Sciences (SPSS) version 20 will also be applied. Landsat images will be obtained from ARC GIS 20.1. These will be used to derive multitemporal data of the study area. Ground Control Points (GCPs) will be collected from a variety of sources, including field visits, Google Earth, and vegetation maps (Rujoiu-Mare and Mihai, 2016). To understand the composition and configuration of the study area at the class level, FRAGSTATS 3.3 will be used (McGarigal et al., 2012). This will help to calculate a large set of landscape metrics for an area into elements such as patch density, shape, core area, diversity, contagion, and interspersion (Dewan et al., 2012).Moreover, the value of ecosystem services will be estimated from a willingness to supply those ecosystem services in exchange for minimal compensation referred to as Willingness-to-Accept (WTA) or Contingent Valuation approach, and the values to ecosystem services will be estimated from their willingness to pay known as Willingness-to-Pay Approach(WTP). Baral et al. (2017) provide a non-exhaustive list of tools for assessing ES from a landscape ecosystem and categorized them into three groups: (1) stakeholder analysis, (2) market analysis, and (3) modeling analysis. These tools are equally relevant to and useful for assessing ES from the agricultural, forest, and wet landscapes. The stakeholder analysis includes focus group discussion, expert consultation and participatory mapping and can provide firsthand qualitative and quantitative information on the specific ES from agricultural and forest landscapes (Paudyal et al., 2015; Bhatta et al., 2016; Baral et al., 2017). 
2.4. Expected Outcomes
Understanding how ecological functions generate ecosystem services and how humans perceive and value those services is fundamental. Research is required both to design cost-effective incentives to provide ecosystem services and to measure which kinds of ecosystem services could provide the greatest overall welfare benefits to society. Agricultural ecosystems offer newly recognized potential to deliver more diverse ecosystem services and mitigate the level of past ecosystem disservices. The study on Agricultural Investment and Transboundary Ecosystem Management in Gambella and Boma national parks will generate significant environmental benefits through the restoration of well-functioning ecosystems and maintenance of their goods and services. These expected results will be monitored through the application of Geographic information systems (GIS), spatial pattern analysis software (FRAGSTAT), remote sensing tools; and questionnaires and will have the following outcomes:
1. Agricultural investment and ecosystem management practices will be documented
2. The effect of agricultural investment on the ecosystem services will be determined
3. Ecosystem management governance system of Transboundary landscape will be demonstrated
4.  Cons and pros of agriculture and ecosystem management will be documented 
5. Carbon Sequestration potential of the park and cultivated land will be measured 
3. Budget Breakdown
Table 1. Budget Breakdown
	Budget Period (1/10/2021-1/10/2023)
	No
	Year One Annual Cost (US$)
	Year Two Annual Cost(US$)
	Total Cost (US$)
	Remark 

	
	
	
	
	
	

	Researcher
	1
	1250 
	1250
	2500
	 

	Research advisors
	2
	750*2 
	750*2 
	3000
	 

	Data collectors
	4
	150*4 
	- 
	600
	 

	Lab Technician/GIS /SPSS /Fragstat  expertise
	1
	250
	250
	500
	 

	Data Entry Clerk
	1
	 150
	150
	300
	 

	Contractual Services/ Rental fee agreement
	Lamp Sum
	 250
	250
	500
	 

	Consumable supplies & materials
	lamp Sum
	 150
	150
	300
	 

	Travel cost (AA-Gambella)
	Lamp Sum
	150
	150
	300
	 

	 Print Production Costs
	Lamp Sum
	50 
	50
	100
	 

	Information Technology, Communication & Audio Visual Equipment
	Lamp Sum
	500 
	-
	500
	 

	Training, Workshops and Conferences
	lamp Sum
	1250
	1250
	1500
	 

	Miscellaneous Expenses
	Lamp Sum
	 300
	300
	600
	 

	Yearly Grant 
	6400
	5300
	-
	 

	Total Grant
	 
	  
	11, 700 
	 


4. Project Time Framework
Table 2. Project Time Framework
	Components of the project activities 
	Y (GC.)
	2021
	2022

	
	Month
	1-7
	8-12
	1-6
	7-12

	Component1
	To investigate agricultural investments and ecosystem management practices in transboundary landscapes of Gambella and Boma National Parks;
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	Component 2
	To examine the impacts of agricultural investment on ecosystem services in Gambella and Boma National Parks;
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	Component 3
	To characterize stakeholders environmental governance and ecosystem management practices in trans-boundary landscapes of Gambella and Boma national parks;
	 
	 
	 
	 
	 

	Component 4
	To assess synergies and trade-offs of ecosystem services and agriculture in trans-boundary landscapes of Gambella and Boma National Parks.
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Investment on Agricultural landscapes





Ecosystem Management





Ecosystem Services


Provisioning (Food, water, fiber, and fuel)


Regulating (Climate Regulation…


Cultural (Spiritual, aesthetic, recreation, and education


Supporting (Primary production, soil formation)


 


 





Biodiversity and Ecosystem 





Direct Drivers of change


Change in land use land cover


Specious introduction or removal


Technology adaptation and use


External inputs ( Fertilizer use, pest control, and irrigation


Harvest and resource consumption


Climate change


 


 


 


 





Indirect Drivers of Change


Demographic


Economic (globalization, trade, market, policy framework)


Sociopolitical (Governance, Institutional, and legal frameworks)


Science and Technology


Cultural and Religious (beliefs, Consumption choices)


 


 





Human well-being


Security


Personal Security


Security of resource access


Security from Disasters


Basic material for good life


Adequate livelihoods


Sufficient nutritious food


Access to goods and services


Health


Access to clean air and water


Good social relations


Social cohesion and mutual respect


 










