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ABSTRACT

The study assessed the influence of tree farming on provisioning ecosystem services and community’s livelihoods in Mufindi District. It aimed at quantifying temporal and spatial changes of tree farming; assessing the influence of tree farming dynamics on provisioning ecosystem services; and determining the contribution of tree farming to community livelihoods in the study area. Primary data were collected using questionnaire administration and in-depth interviews. Secondary data were obtained from satellite image and documentary review. Descriptive and inferential statistics were used to analyze the influence of tree farming dynamics on provisioning ecosystem services and their contribution to community livelihoods. Linear regression was used to analyze the factors that determine the size of tree farms owned by households. Change detection found that, young tree farms (1-5 years) had the lowest percent of change while mature open canopy tree farms had the highest percent of change. The linear regression model revealed that, the size of land owned by the household was the greatest factor that determine the size of the tree farm owned. Other factors of age, annual income, household size and education level were not statistically significant at p<0.01. Infrastructure and transportation problems limit farmers from farming trees. Ensuring good planning, education, access to modern tree farming inputs, loan and good governance are highly recommended for improving tree farming in the study area. The study concludes that tree farming is an important aspect of livelihood in Mufindi District which needs to be monitored and supported to sustain community well-being.
Keywords: Tree farming, Local livelihood, Ecosystem & Ecosystem Services.
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CHAPTER ONE

INTRODUCTION

1.1 Background information

Globally, about 10% of world’s tree cover is found on farms and the rate is increasing (CIFOR, 2016). Tree farms offer remarkable potential ecosystem services and increase livelihood incomes (Reed et al., 2017). These ecosystem services provide goods and products that are essential for maintaining livelihood well-being (Meryet et al., 2005). Tree farms are also recognized as important habitats for animal and plant resources that directly provide important provisioning services through production of fuel and fiber (Rojstaczer et al., 2001). 
Studies show that, people living close to forests earn about 25% of their income from forest resources (CGIAR, 2010) and tree farming is a good alternative for achieving sustainable and climate smart agriculture (De Foresta et al., 2013). It is now evident that tree farms in African countries are linked with food accessibility and improved dietary diversity (Ickowitz et al., 2014). Tree farming is practiced at two different scales that are large forest plantations and small scale tree farming. In developed countries of Asia and America, large scale forest plantations are associated with problems of land scarcity and social risks (Malkamäki et al., 2017) thus making small scale tree growing an attractive option for future tree growing. 
In East African countries, Kenya and Uganda are strongly promoting private and small scale tree farms establishment in their forest policies; this is because of their important contribution to conservation and provision of different ecosystem services (CGIAR, 2010). Trees outside forests in Southern highlands of Tanzania have significantly increased over the past decade (Arvola et al., 2019). Small scale forestry in Tanzania expanded since the mid-2000s resulting to a significant land use shifts from agriculture to forestry (FDT, 2015). A recent study revealed that the Southern Highlands of Tanzania have 210,000 – 250,000 ha of tree plantations, 64% are small scale tree farms (Mankinen et al., 2016). 
In developing countries including Tanzania, tree farming provides essential timber, poles and non-timber forest products (NTFPs) which have a significant contribution to household income (CIFOR, 2016). FAO (2005) reported that, at least 25% of forests in developing countries are controlled by local communities. But unfortunately, major concern has been placed on large forest plantations leaving behind small scale tree farms owned by local communities outside the plantations. 

With low government concern on small scale tree farming, tree growers still have strongly emerged in the Southern Highlands of Tanzania. In Mufindi District, tree farming is practiced together with agricultural crops and livestock keeping. Trees are grown either with other crops or as farm boundaries, in contour lines and sometimes in blocks (Tyndall, 1996). This study focused on assessing the changes in tree farming and their influence on provisioning ecosystem services and community livelihood in the area thereby understanding the outcome of the community over the long term changes in tree farming. 
1.2 Research Problem Statement 
Tanzania is ranked among the countries with the highest growing tree farming in Africa (FSC, 2015). Tanzania’s tree farms have expanded rapidly particularly in Iringa and Njombe regions. Rapid expansion of tree farming is believed to influence community livelihoods and ecosystem services. This strongly depends on the context in which tree farms are planted and managed (Evance, 2009). Different studies have been conducted to determine the influence of tree farming on ecosystem services and community livelihoods. There are widely contradictory findings about tree farming influence. 
Rangan (2010); Raswant et al., (2008); Madoffe (2008) reported that tree farming have effects on different aspects of community livelihoods including the provisioning of different ecosystem services such as timber, poles, firewood, fodder, beekeeping products and water availability. Nevertheless, it is not clear how local community’s livelihood have changed from the changes of tree farming. There is a significant gap in literature which needs to be filled to improve tree farming practices (Chirwa and Mala, 2016). 
1.3 
Objectives

1.3.1 
Overall objective

The overall objective of the study was to assess the influence of tree farming dynamics on provisioning ecosystem services (timber, poles, firewood, beekeeping products and labor opportunities) and local community livelihoods in Mufindi District, Tanzania.
1.3.2 
Specific Objectives

The specific objectives of the study were;
i. To quantify the temporal and spatial changes of tree farming in Mufindi District for the period 1990s -2018.
ii. To assess the influence of tree farming dynamics on provisioning ecosystem services in Mufindi District. 

iii. To assess the contribution of tree farming to community livelihoods in Mufindi District.
1.4 Research Questions

i. What changes in tree farming have occurred in Mufindi District for the period of 1990s -2018?

ii. What are the influences of the tree farming dynamics on provisioning ecosystem services such as timber, poles, beekeeping, labor and firewood in Mufindi District?

iii. What are the contributions of tree farming to community livelihoods in Mufindi District?

1.5 
Significance of the Study

Due to little information on the influence of small scale tree farming on provisioning ecosystem services (timber, poles, firewood, beekeeping products and labor opportunities) and community livelihoods in Tanzania, this study was conducted to improve and fill this knowledge gap. The findings from this study will help the government and policy makers to make adjustments on small scale tree farming management to ensure tree farming contribute positively to ecosystem integrity and community livelihoods, and it will provide an up to date synthesis of the empirical evidence base on the influence of tree farming on local communities in Tanzania.

1.6 Dissertation Organization 

This dissertation report has five chapters. The first chapter is the introduction which describes the background, problem statement, research objectives, research questions, significance of the study, and organization of the dissertation. The second chapter presents literature review which includes conceptual definition of important terms used in the study, theoretical and empirical literature, establishing the existing research gap, conceptual framework of the study and theoretical framework. Chapter three describes the research design, methodology and variables. It further explains the study area, population and sample size, sampling design, data collection, and data analysis procedures. Chapter four provides detailed results of the study and discussion and chapter five gives conclusion and recommendations for future studies.  
CHAPTER TWO

LITERATURE REVIEW

2.1 
Conceptual Definitions

2.1.1 
Ecosystem Services

Ecosystem services have been defined by different scholar. Millennium Ecosystem Assessment (MEA) of 2005 defined ecosystem services as benefits people obtain from the ecosystems. Fisher & Turner (2008) defined ecosystem services as aspects of ecosystems utilized either actively or passively to produce human well-being. In the natural processes chain, ecosystem services are the last items that provide inputs used to generate products that are used by humans. Some ecosystem services are used as inputs in the production of manufactured products (e.g. trees used to make timber) whereas others are consumed directly (e.g. a natural area used for recreation). 

Millennium Ecosystem Assessment (MEA) and The Economics of Ecosystems and Biodiversity (TEEB) categorizes ecosystem services into four main categories; provisioning, regulating, supporting and cultural services. Provisioning services are the products obtained directly from ecosystems such as food, fresh water, wood, fiber, genetic resources and medicines. Cultural ecosystem services include the non-material benefits people obtain from nature. They include recreation, relaxation, tourism and aesthetic appreciation, cultural inspiration, spirituality and sense of place (TEEB, 2010). 
Regulating services are categorized as the benefits obtained from regulation of ecosystem processes such as climate regulation, natural hazard regulation, water purification and waste management, pollination or pest control. Lastly, supporting services are necessary for production of all other ecosystem services. They include biomass production, production of atmospheric oxygen, soil formation and retention, nutrient cycling, water cycling and provisioning of habitat. 
However, this study focused primarily on provisioning ecosystem services which are tangible products that people obtain from ecosystems. These are vital in the livelihood economy and have often well-developed markets and valuation systems. In many regions, rural households depend directly on provisioning services for their livelihoods. In this case, the services value may be much more important than is reflected in the prices they fetch on local markets (FAO, 2018).

2.1.2 
Local Livelihood

According to Chambers and Conway (1991), a livelihood comprises of capabilities assets; material and social resources and activities required for a means of living. In rural livelihoods, the ecological, economic (markets), and socio-cultural environments are important to maintain their livelihoods. Livelihood activities comprise the most active part of the livelihood system and the livelihood resources are seen as immediate means for livelihood generation. These resources include human, material and environmental. 
Human resources comprises of different skills and physical strength; material resources include land, money, livestock, agricultural tools, space, facilities, communication means and transport; environmental resources include physical (both natural and man-made) and resources in the socio-institutional environment such as markets and kinship networks (Engberg, 1990).
A livelihood is considered sustainable when it can cope with and recover from stress and shocks and maintain or enhance its capabilities and assets both now and in the future, while not undermining the natural resource base (DFID, 1999). Livelihood can also be viewed as a means of support or subsistence; adequate stocks and flows of food and cash to meet basic needs. This study based on the livelihood of the local community who depend on provisioning ecosystem services to meet their basic needs and aspiration.

2.1.3 
Tree Farming

Tree farms are privately owned tract of forest and are accepted alternatives to traditional agriculture.  Tree farming in rural areas is done on small scale mainly to provide household tree products need, food and income. Typically, tree farming is done together with livestock keeping and subsistence crops. They provide multiple purposes such as prevention of soil erosion in contour lines, boundary of farms, and also providing wind breaks (Holmgren et. al., 1994). 
Tree farmers tend to choose species based on their knowledge, interest and land size, compatibility with crops, duration of harvesting and also value of the end products (Lengkeek et. al., 2005). Tree farming in rural areas is therefore a practice which plays a key role in securing many households (Lengkeek & Carsan, 2004). Tree farming serves as a “safety net”, providing not only income but a low-cost source of food, fuel, fodder and housing materials (Scher, 2004).

2.2 Theoretical Literature Review
2.2.1 Theoretical Conceptualization of Tree Farming and Provisioning Ecosystem Services
Theories on tree farming and provisioning ecosystem services are drawn from the important contribution of these provisioning ecosystem services to community livelihoods. The Millennium Ecosystem Assessment (2005) explains the consequences of ecosystem change for human well-being. Tree farming is one of the factors that result in change in ecosystem services. The MEA links every category of service with every component of well-being. In this fact, it’s important to monitor the tree farming activity on how it affects every component of livelihood well-being. 
There is typical association between ecosystem services and livelihood well-being thus these theories explain how to maintain a balance between the two interdependent factors. Tree farming offers different ecosystem services ranging from provisioning, regulating, supporting and cultural services. All of these play an important role to livelihood. Provisioning ecosystem services are well known because of their direct benefit to community livelihood. They include timber, food, poles, medicinal plants, employment, fruits and vegetables and beekeeping activities. 

2.2.2
Theoretical Conceptualization of Community Livelihoods
The sustainable livelihood approach explains the theory behind livelihood well-being. The approach includes frameworks for analyzing livelihoods and identifying entry points for development interventions. The approach provides a way of conceptualizing key influences on community livelihoods including their vulnerability, their access to assets, and the various factors that influence what they can achieve with these assets. By understanding the capabilities, assets and activities required to make a living, the livelihood condition can be known either it’s sustainable or not. 
The theory of planned behavior (TPB) by Ajzen (1991) is included in this study to understand the behavior of respondents towards tree farming in the study area. The TPB explains that, the behavior depends largely on attitude towards the behavior, subjective norms, and the perceived behavioral control. The theory explains an attitude as a person’s favorable or unfavorable evaluation of the behavior and is formed by the beliefs about the likely outcomes of the behavior and evaluation of these outcomes (Fishbein & Ajzen, 1975). 
The subjective norm is defined as the perceived social pressure to perform or not to perform the behavior and is constructed by beliefs about the perceived expectations of others to carry out the behavior and the motivation to comply with those expectations. Perceived behavioral control reflects the extent to which an individual feels to carry out the behavior (Ajzen, 1991). The three factors (attitude towards the behavior, the subjective norms, and perception of the behavior control) lead to the formation of behavioral intention which leads to performance of the behavior (Ajzen, 1991). This theory has been in several studies and has shown effectiveness to predict ecological behavior (Kaiser& Gutscher, 2003). 
The TPB has also been used to study attitudes, intentions and behavior in relation to tree farming and was found to be an effective model to understand such attitudes and behavior (McGinty et al., 2008). Meijer et al., (2015) suggests that, attitudes might be more successful in predicting behavior than socio-economic variables. More research is needed to better understand this.
2.3
Empirical Review

2.3.1
Experience from the Rest of the World

Ecosystem services studies have been of growing concern in many areas of the world, the reason being trying to evaluate ecosystem services which are highly vulnerable to a number of impacts due to human complex use of natural resources and land use transformations (MEA, 2005; Vihervaara et al., 2012; D’Amato et al., 2017). The empirical experience from China shows that, establishment of large scale tree farms had some negative development on environmental quality especially on soil and water. D’Amoto et al., of 2017 reports that, tree farms result to reduced productivity of cropland which induced several villagers to switch from agricultural crops to small scale household tree farming. In absence of destructive factors, household tree farms provide owners with different provisioning ecosystem services which contribute to their livelihood well-being.
It is reported that, the risks of tree farms expansion differs between regions and the risks may obstruct the expansion if right policies are not applied (Payn et al., 2015). The expansion is perceived to result to negative social impacts such as conflicts due to land tenure (Gerber, 2011). On the other hand, tree farms provide local communities with different ecosystem services including jobs (Ying et al., 2010), and also support local livelihoods especially when managed by smallholders (Nambiar, 2015). Generally, it is found that smallholders understand the benefits of tree farms but their investment depends on production outputs and existing market opportunities (Rohadi et al., 2010).
2.3.2
Experience from other African Countries

According to the World Bank Report, trees on farms are widespread in Sub-Saharan African countries with more than 30% of all rural households cultivating trees on their farms. Tree farms are typically more important in African countries as they provide a significant source of income and are a measure of food security for many households. Tree farms contribute about 17% of the total gross income among tree growing households and 6% on average across all rural households. This is an important implication to the government to raise the profile of trees as an important crop and reorganize that trees on farms can be an integral part of landscape planning particularly in the face of climate change challenges.
In 2012 in Ethiopia, smallholders of tree farms were found to contribute up to 12.9% of the Ethiopian GDP (UNEP, 2016).the contribution came from wood-fuel, round wood, livestock fodder, honey and medicinal plants obtained from tree resources. A large population of local people relies on these provisioning ecosystem services to support their livelihoods and compliment agricultural production.
2.3.3
Tanzania’s Experience

In Tanzania, the government started to campaign reforestation programs in rural areas in the early 1980s. The reason was to combat wood fuel shortages and increasing the supply of fuel wood and wood products (Mnzava, 1985). These efforts were joined by the international and bilateral agencies through which several agro forestry, tree planting and wood fuel conservation progammes were initiated (Hakon, 1999). Today, small scale tree planting is supported by individual efforts or community at village level. In Tanzania today, the area of tree farms under community is estimated to be 70 000 hectare which includes small tree farms less than one hectare and tree planting is done by individual efforts (Mariki, 2001).
Mufindi District in Tanzania is one of the areas with high small scale tree farming practices. The purpose is to ensure supply of fuel wood, sawn timber, fencing and transmission poles. The species being planted are exotics i.e. pinus patula and Eucalyptus species. The district natural resources office shows that up to 2005, about 23 million trees had been planted. This condition attracted small scale enterprises to utilize the resources in the established tree farms for the production of sawn timber, fencing poles, transmission poles and thereby creating demand on private woodlot (URT, 2006). Tree farming in Mufindi District is growing because of favorable environment and presence of forest institutions which significantly contribute to the livelihoods and national economy. The activity has been practiced for more than 18 years and small scale enterprises have been operative for more than 10 years (Kajembe, et. al., 1996). 
The National Forest Policy of 1998 is aiming to enhance the contribution of the forest sector in sustainable development of Tanzania, conservation and management of her natural resources for the benefit of present and future generations. The policy recognizes the role of local communities to get involved in forestry activities for sustaining their livelihoods. Today there are small scale tree farms owned by local communities with size estimated to range from 0.01 to 2 000 hectares. However, small scale tree farmers cut their trees prematurely because of the poverty situation (Msemo, 2008).
2.4 Research Gap

From the literature reviewed, Tanzania especially the Southern highlands have tremendous increase in tree farms but their influence on provisioning ecosystem services and livelihood is not well documented. Research has been done but the information is not available. This study aimed to fill the gap by conceptualizing tree farms making a link to provisioning ecosystem services and how livelihood is influenced. 
Most studies on ecosystem services generalize the ecosystem services but this study only focused on provisioning ecosystem services which have direct impact to livelihood. Few researchers especially in Tanzania have defined livelihood outcome after a long term change in ecosystem services. Tree farming being identified as a livelihood strategy in this study, the researcher was motivated to add to the body of knowledge how this livelihood strategy has changed the provisioning ecosystem services and local livelihood in the area. 
2.5 Conceptual Framework

This shows the relationship of tree farms with provisioning ecosystem services and livelihood. Under this study, a modified conceptual framework from the Millennium Ecosystem Assessment of 2005 was used. The dynamics in tree farms have influence either positive or negative on both provisioning ecosystem services and local livelihoods. 

The DFID’s sustainable livelihood approach of 2000 was used to categorize the livelihood assets. The livelihood assets include natural assets; land, water, wildlife, environmental resources, physical assets; water, sanitation, energy, transport, communications, housing, equipment of production, financial; pensions, savings, supplies of credits; human; health, knowledge, skills, information, ability to labor and social; relationships of trust, membership of groups, networks, access to institutions. This was used to capture how each livelihood category is influenced by the tree farms. There is a clear link between provisioning ecosystem services and livelihood. The extent to which provisioning ecosystem services are affected is the same to the effect on livelihood because humans depend on these services for their well-being.
Humans have changed ecosystems more rapidly to meet the rapidly growing demands for food, freshwater, timber, fiber and fuel. Tree farms in Mufindi District have been growing to meet these demands. The changes made to ecosystems have contributed to substantial net gains in human well-being and economic development, but these gains have been achieved at the cost which degrades many other ecosystem services (MEA, 2005). Degradation of provisioning ecosystem services is leading to inequalities and disparities across groups of people and sometimes it is the principal factor causing poverty and social conflict (Lanz, 1996). 
Across the world particularly Sub-Saharan Africa, the condition and management of ecosystem services is a dominant factor influencing prospects for reducing poverty. Degradation of ecosystem services is considered as a significant barrier to achieving the MDGs (MDG, 2015). These problems if not addressed will diminish the benefits of ecosystem services for the future generations.
Tree farms involve change in land use and cover, planting of new plant species, using fertilizers, and pest control methods. Thus, proper management of tree farms is crucial to ensure that they don’t trade-off provisioning ecosystem services for sustaining local livelihoods. This pictorial presentation describes the relationship between tree farms, provisioning ecosystem services and local livelihoods as they will be addressed in this study
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Source: Researcher’s interpretation from different sources of ecosystem services and livelihood
CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Study Area Description
The study was conducted in Mufindi District, Iringa Region of Tanzania. Mufindi has an area of 7 515km2, a population of 260 435 (FinScope, 2017). The district is located between latitudes 80 00’ – 90 15’ S and longitudes 350 35’ – 350 55’ E. It is bordered by Kilolo and Iringa districts to the north, Njombe district to the south, Morogoro region to the east and Mbarali District to the west (Figure 3.1). 
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Figure 3.1: A Map of Mufindi District showing the Study Areas
Cash crops in the district include tea and forest products including timber and poles. The district has significant forest reserve supporting various economic activities related to forestry, which also provide relatively stable income to the households. There are about 203 188 hectares under forests, which is about 28% of the total land area in the district (URT, 2008). The area is experiencing agricultural and tree planting surge driven by the country’s rapid economic growth. The main tree species planted are pine, Eucalyptus spp. and wattle (Acacia mearnsii) (Mankinen, et al., 2016)
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3.2 
Climate 

The District climate varies with altitude and closely associated with two distinctive landscape zones; Eastern Highland which lie at an altitude of 1700 – 2200 m above sea level (m asl) with the mean annual rainfall between 1200 – 1600 mm and mean monthly temperature of 18.40C, and the Mufindi Plateau which lie at an altitude ranging from 1700 – 2000 m asl with mean annual rainfall of 950 mm and maximum mean temperature of 18.30C (MDC, 2013).
3.3 
Topography and Hydrology

The District is found at an elevation of 1 600 and 1 800 m asl. The eastern zone lies between 1 600 and 1 800 m asl whereas the western zone lies between 1 000 and 1 600 m asl. Riverbanks and valleys are covered with natural vegetation dominated by riverine tree species, e.g. Syzygium cordatum and grasslands (ENATA, 2008).
3.4 
Sampling Design and Procedures

3.4.1 
Research Design

Cross sectional research design was employed to accomplish the study. In this, data were collected at a single point in time from selected sample of respondents in the identified villages using standard survey techniques including questionnaire interviews and key informants interviews. The choice of cross sectional study design was based on the fact that it gives good control over the measurement process which is implemented to collect information; this is because there is zero long term consideration involved with that type of study. Moreover, the design is less costly in comparison to other research designs (Mann, 2003), as there is no follow up required, only that single time reference for data collection is considered.

3.4.2 
Sampling Procedure

The selection of villages was done purposively based on the following criteria;

i. Villagers involved in tree farming activities and within the same administrative region

ii. Villages with comparable socio-economic status

However, the study was conducted in two phases: the first phase was a preliminary survey prior to the village council for pilot testing questionnaires and checklist for households and other key informants. This was useful to cross-check the instruments for relevance and comprehensiveness of the data collection. The second phase was the general survey where a checklist was used for key informant interview moreover; the questionnaires were administered to members of the sampled households.

3.4.2.1 Sampling Unit

The sampling unit was members of households in Mufindi District. The sampling frame was a list of all households in each village. The updated list of households’ registers at the village executive officer’s office was used as a sampling frame to sample households for the study. 
3.4.2.2 Sample Size
The study area has 30 wards and 125 villages. Among 30 wards, 3 were purposely selected and 6 villages (2 villages from each ward). From each village, households were selected purposively from village registers. 10 respondents who are household heads were purposively selected from each village making a total of 60 respondents.
3.4.3 
Data Collection

Both primary and secondary data were collected to enrich the researcher with functional information. Primary data was collected by questionnaire interviews, key informants interviews and physical observation. Secondary data involve already existing data collected neither directly by the user nor specifically for the user (Donald et al., 2006). This involved the collection and analysis of published materials and information from various documents, books, journals, and electronic materials. Spatial data specifically Satellite imageries of different time periods was acquired from United States Geological Survey. 

In each household, the household head was administered with the questionnaire. Also, the study purposively included in-depth interviews with key informants. The key informants included village leaders and elders who have been in the area for at least 40 years and above. The selection of elders of 40 years and above was based on the fact that these people have seen the influence of tree farming over time and space and could provide details on how provisioning ecosystem services and their livelihoods have been changing with changing tree farming in the villages.

Apart from those methods, the study also benefited from direct field observation. The field observations were done around the tree farms and households. Therefore, this mixture of methods was used in order to accomplish what is referring to as triangulation (Abbas and Charles, 2003), as it uses multiple sources of evidence as well as seeking for convergence between the sources (Yin, 2003 & Bryman, 2004).

3.5 
Data processing and Analysis

3.5.1 
Quantification of the Temporal and Spatial Change in Tree Farming in Mufindi District from 1990’s to 2018

This was done based on the following step;

Satellite image selection: Change detection method was used to quantify the spatial temporal changes in tree farms. Selection of satellite images was done by considering cloud cover, seasonality and phonological effects (Kashaigili, 2006). These satellite images were used in assessing temporal and spatial variation of tree farms in the Mufindi District from 1990 to 2018.
Table 3.1: Satellite Imagery Data TC "Table 3.1: Satellite imagery data" \f T \l "1" 
	Satellite
	Sensor
	Path/row
	Acquisition date
	Season
	Cloud cover (%)

	Landsat 5
	TM
	168/66
	7/11/1990
	Dry
	10

	Landsat 8
	OLI-TIRS
	168/67
	28/10/2018
	Dry
	20


Key: TM=Thematic mapper, OLI-TIRS=Operational Land Imager- Thermal Infrared Sensor
Image pre-processing: Images were pre-processed to ensure accurate identification of temporal changes and geometric compatibility with other sources of information. Geo-correction was conducted to rectify precisely matching of images. Band stacking and Image enhancement was done using different color composite band combination to reinforce the visual interpretability of images. Images were registered to the UTM map coordinate system, Zone 36 South, Datum Arc 1960. 
Preliminary image classification and ground truthing: Using Maximum Likelihood Classifier (MLC), supervised image classification was conducted to create base map. Data from ground truthing collected during biophysical survey were used to formulate and confirm different cover classes existing in the study area. Training sites were identified by inspecting an enhanced color composite imagery. Areas with similar spectral characteristics were trained and classified. Supervised classification by using Semi-automatic Classification Plugin (SCP) available in QGIS 2.12.1 was conducted. The process involved selection of regions of interest (ROI) on the image, which represent specific land classes to be mapped as described in Table 3.2. 
Final image classification and accuracy assessment: To assess the accuracy of final image classification, Kappa coefficient statistics was computed using the following formula;
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Where N is  the  total  number of sites in the matrix, r  is  the number of  rows in  the 
matrix, 𝑥𝑖𝑖 is the number in row i and column i, x+i is the total for row i, and xi+ is the 
total for column.

The classified maps had overall accuracy of 78% and 76% for 1990 and 2018 respectively.

Table 3.2: Land Cover/Use Classification Scheme TC "Table 3.2: Land cover/use classification scheme" \f T \l "1" 
	Land use/cover class
	Description

	Built up
	Man-made infrastructures and settlements

	Young tree farms
	Artificial planted small scale trees farms of trees of age 0-5 years

	Mature open canopy tree farms
	Artificial planted small scale tree farms of trees of age 6 years and above

	Mature closed canopy tree farms
	Artificial planted large scale tree plantations

	Wetland
	Area saturated with water either permanently or seasonally

	Water
	Area filled with water localized in a basin, which rivers flow into or out of them (Lake/Dam)

	Tea plantation
	Large scale farm of cultivated tea crops


Source: researcher, 2020
Change detection: Post classification comparison was used to quantify the extent of tree farming dynamics over the period 1990 – 2018. The estimation for the rate of change for the different land covers was computed based on the following formulas (Kashaigili & Majaliwa, 2010);
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Area i year x = area of cover i at the first date, Area i year x+1 is the area of cover i at the second date, [image: image11.png]Y1 Area, ., .



is the total cover area at the first and tyears is the period in years between the first and second scene acquisition dates
3.5.2 
Influence of Tree Farming on Provisioning ESs in Mufindi District

Descriptive statistics was used to analyze the socio-economic variables, perceptions on provisioning ecosystem services and also the contribution of tree farming provisioning ecosystem services.  Statistical Package for Social Survey SPSS Version 20 with the aid of Microsoft Excel version 2010 was used.  
3.5.3 
Contribution of Tree Farming to Community Livelihoods in Mufindi District

Quantitative data was analyzed using linear regression model and range equalization method to assess the livelihood of the surveyed households and descriptive statistics to identify the contribution of different livelihood strategies to annual income. 
3.5.3.1 Sustainable Livelihood Assessment/Range Equalization Method
The range equalization formulae; 
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Percentages of each livelihood indicator were computed. 

From equation (v), xi is the percent value of an indicator, 
Min xi is the minimum percent, 
Max xi is the maximum percent, and 
Svi is the scale free value
Scale free values were obtained to avoid the bias towards the highest indicator values. To get the score value/composite index; 
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Where ∑Svi is the added scale free value of indicators, and
 Nxi is the number of indicators.
3.5.3.2 Linear Regression Model
This was developed to assess the different factors influencing the size of tree farms owned by the household. The independent variables that were included were; Household annual income; this was an independent variable because it was hypothesized to influence size of their tree farms. The more the households’ income, the greater the ability to take control of large size of tree farm and also take the risks of investing in tree farming without lacking other basic needs. 
Land size owned by the household; it was hypothesized that, the larger the land size, the more economic activities done by the family such as enough land for tree farming, agriculture and livestock farming. Thus families with large land size are able to use their land in tree farming than those with limited land size.
Age of the respondent; experience and wisdom in tree farming was hypothesized to contribute to owning large tree farms. Also, old people were hypothesized to have started tree farming during the time when land was given freely thus owning large size of tree farms than the young respondents. However to a certain extent, older ages decrease the ability to participate in tree farming.
Size of the household; it was hypothesized that, the smaller the family, the small piece of land they need to meet their needs and the larger the family, the better labor availability to work on tree farms hence ability to manage large sizes of tree farms.
Education level of the household head; it was hypothesized that the higher the education level, the higher the knowledge to integrate in tree farming hence ability to manage large size of tree farms 
The relationship between the dependent and independent variables was tested using two tailed t-test at 95% level of significant. Examination of correlations was conducted before running the regression model. Multicollinearity test was done by using tolerance measure (Chan, 2004). In this test, the tolerance value lies between zero to one, the value close to zero indicates that a variable is almost in linear combination of the other independent variables and that value if included in the model will have no significant impact and its standard error will tend to be large. Therefore, the acceptable tolerance value for the independent variable that is accepted in linear regression model should be above 0.4 (Chan, 2004).
The Linear Regression equation used; 
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Where; Yi = dependent variable which was size of tree farm
ß0= the intercept term; 
β1, β2, β3.... βx= regression coefficients associated with each explanatory variables; and 
ԑ= the error term

EDU
education level of the household head
AGE
age of the respondent

SLO
size of land owned by the household

AHI
annual income of the household

SOH
size of the household
CHAPTER FOUR

FINDINGS AND DISCUSSION

4.1
Introduction 

This chapter includes the socio-economic characteristics of the surveyed households, spatial and temporal dynamics of tree farming in Mufindi District, the influence of tree farming dynamics on provisioning ecosystem services and the contribution of tree farming to community livelihoods. It further explains the problems associated with tree farming in the area and people’s views on tree farming activities.
4.2 Socio-Economic Characteristics
4.2.1 Age, Gender and Marital Status
The results show that, middle age (36-50 years) respondents dominated (51.7%) followed by the ages 18 – 35 (40%). This indicates that, the study area has a more working population. A study conducted in Singida by Yanda et al. (2005) found ages of between 31 – 50 years comprised of 70% of respondents reflecting high working population with full engagement in socio-economic activities. This study focused on adults of at least 25 years and above who were able to tell about the changes in tree farming activities in their areas over the last 18 years. This was crucial in assessing the spatial and temporal dynamics of tree farming activities in Mufindi District based on respondents’ observations. 
In terms of gender and marital status, most of the respondents were males (58.3%) compared to females (41.7%) and married people were the most common in the study area (75%) with widows being the least (10%). Muywanga (2004) reported that, married people are likely to be more productive than single because of labor supply and this contributes to livelihood well-being.
Table 4.1: Socio-Economic Characteristics of Respondents TC "Table 4.1: Socio-economic characteristics of respondents" \f T \l "1"  
	Attributes
	Variables
	Frequency

	Percent
(N=60)

	
	
	
	

	Gender
	Male
	35
	58.3

	
	Female
	25
	41.7

	Marital status
	Single
	9
	15.0

	
	Married
	45
	75.0

	
	Widowed
	6
	10.0

	Education level
	None
	2
	3.3

	
	Primary education
	25
	41.7

	
	Secondary education
	27
	45.0

	
	University
	6
	10.0

	Primary occupation
	Farmer
	42
	70.0

	
	Laborer
	6
	10.0

	
	Business
	12
	20.0

	Age
	18-35
	24
	40.0

	
	36-50
	31
	51.7

	
	>50
	5
	8.3

	Land owned
	<5 ha
	11
	18.3

	
	5-10 ha
	29
	48.3

	
	11-20ha
	17
	28.3

	
	>30 ha
	3
	5.0

	Land acquisition process
	Owner/bought
	14
	23.3

	
	Inherited
	37
	61.7

	
	 Share
	9
	15.0


Source: researcher, 2020
4.2.2 Education Level and Primary Occupation
Most of the respondents were educated with 41.7% having attended primary education, 45% secondary education and a few (10%) with university level education. Studies have revealed that, education level of the household head is likely related to their livelihood and income levels. This also aligns with the livelihood index of the surveyed area which shows that the community surveyed was highly sustainable in terms of financial capital as presented in Table 4.4. 
Educated household heads are more likely to use production information more efficiently and contribute to their household income (World Bank, 1996). Primary education is considered to foster human creativity and improve people’s readiness to integrate developmental innovations hence improved livelihood (Maro, 1995). Also, education creates awareness and positive attitude towards conservation and utilization of resources (Makawia, 2003). On primary occupation, 70% of the respondents primarily depend on farming of agricultural crops and tree farming (Table 4, 1). It’s thus important to maintain the ecosystem that supports the provisioning of goods and services to the community.
4.2.3 Land Size and Acquisition Process
The results in Table 4.1 show that, most of the respondents acquired their land through inheritance (61.7%). However, only 5% own greater than 30ha of land and majority (48.3%) own 5-10ha. This means that a considerable number of the respondents have limited land to perform different activities. With land owned, the size of tree farms owned also varied significantly among the respondents (Table 4.2). Most of the respondents (41.7%) own less than 5ha of and only 1.7% owns more than 25ha of tree farms. Despite the small size of tree farms, 50% of the respondents started tree farming more than 15 years ago and 21.7% started less than 5 years ago. This means that, tree farming is still preferred and more people are planting trees. This also aligns with the spatial and temporal dynamics data analyzed by change detection in section 4.3 which shows that, new trees are continuing to be planted in the area. 
Table 4.2: Size of Tree Farm and Duration of Ownership TC "Table 4.2 Size of tree farm and duration of ownership" \f T \l "1"  
	Attributes
	Variables
	Frequency
	Percent
(N=60)

	Size of tree farm
	<5 ha
	25
	41.7

	
	5-10 ha
	24
	40.0

	
	10-15 ha
	8
	13.3

	
	15-25 ha
	2
	3.3

	
	>25 ha
	1
	1.7

	
	5_10 years
	9
	15.0

	
	11-15 years
	8
	13.3

	
	>15 years
	30
	50.0


Source: researcher, 2020
In Tanzania, access to rural land and other resources is through inheritance, purchase and allocation by village government. Before this, in almost all parts of Tanzania that had surplus arable land under customary tenure, anyone with energy could obtain land simply by clearing it or establishing a woodlot or watering point provided they had permission from the clan head or lineage authority (James & Fimbo, 1973). This kind of land acquisition process made most of the surveyed households to have acquired their land through inheritance.
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 Figure 4.1: Land Acquisition Process in the Study Area
23.3% bought the land they own by following the procedures required by the government of Tanzania. Few people (15%) own land that they share with other people. The reason is because of the expenses of buying land on individual bases. Joining forces to buy land which they share made it easier for them to acquire the land and use it for productive activities like tree farming and agricultural crops.
4.3 Spatial and Temporal Dynamics of Tree Farming In The Study Area
In 1990, trees of young age (1-5 years), were observed to cover a large area compared to other land cover. Young trees farms were observed to cover an area of 19 574 ha, followed by wetland and builtup was least (635 ha). In 2018, mature trees (6-10 years) and builtup land were observed to be high compared to other land use/cover. Mature open canopy trees farms (age 6-10) was observed to cover an area of about 12 094 ha followed by builtup  9 294 ha  and young trees farms (age 1-5) was least with an area of 932 ha. Results are presented in Figure 4.2.
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Figure 4.2: Temporal Variations of Different Land Cover in the Study Area (1990- TC "Figure 4.2: Temporal variations of different land cover in the study area (1990-" \f F \l "1" 2018)
The results show six different land use cover with variation in time and space. Massive young trees were planted during the 1990 and in 2018, mature open canopy tree farms were abundant. This is because the young trees have matured read to be harvested. Builtup area also increased in 2018 because of different development activites and harvesting of matured trees thus leaving the land open. The Figures 4.3 and 4.4 shows the land use/cover in the study areas.
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 Figure 4.3: Land use/cover in 1990
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Figure 4.4: Land use/cover in 2018 TC "Figure 4.4: Land use/cover in 2018" \f F \l "1" 
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Figure 4.5: Land use/cover changes in the study area between 1990 and 2018
 TC "Figure 4.5: Land use/cover changes in the study area between 1990 and 2018" \f F \l "1" 
Table 4.3 gives a summary of the changes in the six different land use types analysed. It shows the area-change and the percentage change of each land use/cover. Young tree farms had the lowest percent of change (-62.81%) while mature open canopy tree farms and builtups had the highest percent of change (31.15% and 29.18% respectively). With the massive growing of tree farms in the study area, mature open canopy tree farms and builtups had the highest annual rate of change (330.2ha/year and 309.3ha/year respectively)

Table 4.3: Land Use/Cover Change for the period 1990 to 2018 TC "Table 4.3: Land Use/Cover Change for the period 1990 to 2018" \f T \l "1" 
	Name
	1990
	2018
	1990-2018

	
	Ha
	%
	Ha
	%
	Area Change

Ha
	% change
	Annual rate of change (Ha/year)
	Annual Rate (%/year)

	Water
	848
	2.86
	843
	2.84
	-5.00
	-0.02
	-0.18
	0.00

	MOTF 
	2849
	9.60
	12094
	40.75
	9245.00
	31.15
	330.18
	1.11

	MCTF
	1790
	6.03
	2838
	9.56
	1048.00
	3.53
	37.43
	0.13

	Young tree farms
	19574
	65.95
	932
	3.14
	-18642.00
	-62.81
	-665.79
	-2.24

	Wetland
	3983
	13.42
	3678
	12.39
	-305.00
	-1.03
	-10.89
	-0.04

	BuiltUp
	635
	2.14
	9294
	31.32
	8659.00
	29.18
	309.25
	1.04

	Total
	29679
	100
	29679
	100
	0
	0
	0
	0


Key: MOTF = Mature open canopy Tree Farms, MCTF = Mature closed canopy Tree Farms
4.4 Influence of Tree Farming on Provisioning Ecosystem Services

4.4.1 Respondents’ Perspectives on Provisioning Ecosystem Services

Provisioning ecosystem services provides direct benefits to livelihood. Tree farming provides different services whose end products include timber, poles, firewood, fodder, beekeeping products, and medicinal plants. All the respondents (100%) said that tree farming have increased in the area over time and space. Apart from that, 96.7% of the respondents said that tree farming services and products have changed their living standards meaning that as tree farming is increasing in the area, provisioning ecosystem services and products from tree farming are also increasing thus influencing their livelihood positively. 3.3% had not seen any positive influence from tree farming because they had not harvested any products. The most important provisioning services were timber, poles, mirunda, firewood, beekeeping and labor opportunities.
Figure 4.6 shows the provisioning ecosystem services and the income they generate per year.
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Figure 4.6: Income Generated By Provisioning Ecosystem Services in a Year TC "Figure 4.6: Income generated by provisioning ecosystem services in a year" \f F \l "1" 
Timber generates income at different ranges from below TZS50, 000 to more than 3,000,000 annually followed by poles. Firewood, beekeeping and labor also generate income though not to a large extent. It’s important to provide awareness on beekeeping as it was practiced by few households for income generation. It was also important to look on the percent contribution of tree farming provisioning ecosystem services to annual household income. Most of the respondents depend on agricultural products for their income but also tree farming contributes more than 70% to 23.3% of the surveyed households (Figure 4.7).
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Figure 4.7: Contribution of Tree Farming Provisioning to Annual Household Income
Provisioning ecosystem services from tree farming have thus increased in the study area and they have influenced livelihood positively especially to earning income which is important for their sustenance.
4.4.2 Tree Farming Management and Tree Species
People plant tree species depending on their market value and the different products they provide at different growth stages. Eucalyptus is planted very close and when they reach at mid age, the others are removed (thinning) to let space for the few to grow for timber and poles. The removed ones are used as poles/mirunda making it the most preferred species (83.3%). The other preferred tree species is pinus species (16.7%). Pinus was the option for people who had only one species but for those who had multiple tree species, they preferred eucalyptus (mlingoti). Other species planted include cypress and acacia species which are planted together with other species. 
The knowledge on tree farming management was high among the surveyed households. Silvicultural activities such as pruning and thinning are highly performed to allow sunlight, avoid competition with other crops for farmers mixing agricultural crops in the tree farms and also to allow tree to grow faster and tall for providing good timber and poles. Knowledge on tree farming management is provided by forest officers from the district and other large tree farming organizations within the region. 
4.5 Contribution of Tree Farming to Community Livelihood
4.5.1 Sustainability of Community Livelihood 
The results on community livelihood are presented in Table 4.4. For visual presentation of respondents’ capitals and their inter-relationship, radar (Figure 4.8) was developed based on sustainable livelihood framework. The score values presented help to understand the strength and weakness of the community livelihood. Physical capital of the surveyed households was moderately sustainable (0.57) due to accessibility of many households to safe drinking water (98.3%) and household water (water for other household usage except drinking water) (100%). 
Most of the households are sure of cooking fuel with 51.7% using mixed fuel that is firewood, charcoal and gas. Human capital was also moderately sustainable (0.62) with highest percent of educated population that is from primary education to university level and awareness on tree farming and national forest policy governing small scale tree growers. Working population was low (30%) as many of the households largely depend on agriculture and tree farming for their livelihoods. Social capital was moderately sustainable (0.51) and this was determined by their involvement in politics and social relations within the community. 
Financial capital was highly sustainable (0.68) due to different livelihood strategies including agriculture, tree farming, labor/employment, business and livestock that greatly contribute to their annual income. Lastly, natural capital was also moderately sustainable (0.42) and this was determined by the size of land owned by the household and livestock keeping.
Table 4.4: Sustainable Livelihood Assessment of Local Community in Mufindi District TC "Table4.4: Sustainable livelihood assessment of local community in Mufindi District" \f T \l "1" 
	Indicators
	Percent 

	
	(N=60)

	Physical capital indicators

Cooking fuel

Safe drinking water

Household water

Sanitation/toilet

Housing condition

Car ownership

Score value/physical capital index
	51.7

98.3

100

96.7

45

35

0.57 (2)

	Human capital indicators

Educated population

Working population

Knowledge on tree farming

Awareness on forest national policy

Score value/human capital index
	96.7

30

73.3

85

0.62 (2)

	Social capital indicators

Involvement in politics

Social relations

Score value/social capital index
	36.7

88.3

0.51 (2)

	Financial capital indicators

Annual income

<500000

500000-1000000

1000000-3000000

3000000-5000000

>5000000

Score value/financial capital index
	26.7

26.7

18.3

21.7

6.7

0.68 (1)

	Natural capital indicators

Land owned (ha)

<5

5-10

11-20

21-30
>30

Livestock keepers

Score value/natural capital index
	18.3

48.3

28.3

0.0

5.0

78.3

0.45 (2)


Score values computed based on primary data collection by scholar, 2019 

Note: scale of the hypothetical score values of sustainability of the livelihood capitals; 1 – 0.67 (highly sustainable) (1), 0.66 – 0.34 (moderately sustainable) (2), and 0.33 – 0 (not sustainable) (3).
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Figure 4.8: Community Livelihood Capitals in Mufindi District TC "Figure 4.8: Community livelihood capitals in Mufindi District" \f F \l "1" 
Source: Scholar’s primary data survey, 2019.
4.5.2 Major Sources of Livelihood Income in Mufindi District
Different activities are conducted by community members to earn income for sustaining their livelihoods. The results show that, most of the respondents depend on multiple livelihood strategies including agriculture, tree farming, labor/employment, business, land renting and livestock keeping. A great percent of the surveyed households depend on agriculture (98.3%) and very few depend on land renting (8.3%). Results are presented in Figure 4.9.
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Figure 4.9: Contribution of Different Livelihood Strategies to Annual Household Income
Land renting is not common in the study area because people use their land for agriculture that they primarily depend on. Only 8.3% of the surveyed households had rented their land from which they received income. Tree farming and livestock keeping also greatly contribute to annual household income. Selling of timber, poles and mirunda are the main sources of income and also selling of livestock and their products also contributes to their income. Other income sources are formal employment and labor activities. Thus, agriculture, tree farming and livestock keeping are the main sources of livelihood income in Mufindi District. Figure 4.10 shows the income earned from different activities annually.
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Figure 4.10: Income Generated By Different Economic Activities in the Study Area
 TC "Figure 4.10: Income generated by different economic activities in the study area" \f F \l "1" 
Tree farming contributes a wide range of income from TZS100,000 to TZS3,000,000 annually. This makes tree farming to be a very important livelihood strategy in the study area followed by agriculture. Labor also contributes to annual income to a few respondents. Tree farming thus needs to be monitored to ensure that the community continues to benefit.
4.5.3 Factors Contributing to Community Livelihood
The Linear regression model was used to analyze the different factors contributing to livelihood. The linear regression result was highly statistically significant at p<0.01 (p = 0.000) with an R square value of 72.5% (Table 4.5). Size of the tree farm owned by the household was the dependent variable. Among the independent variables, total land owned by household was statistically significant at p<0.01 (p = 0.000) and had a positive influence on the size of the tree farm owned by the household. This means that household with large land size had enough land for establishing tree farms hence large size of their tree farms as compared to those with small land size. The results align with Kulindwa (2016) who found that land size is the main factor for households to be involved in tree farming. Other studies by Danquah (2015) in Ghana found that land size is the main factor influencing tree farming activities.
	Table 4.5: Regression Statistics after Collinearity Test TC "Table 4.5: Regression statistics after collinearity test" \f T \l "1" 

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	
	(Constant)
	-.292
	.436
	
	-.670
	.506

	
	Age
	.165
	.139
	.114
	1.188
	.240

	
	Household size
	.135
	.158
	.071
	.857
	.395

	
	Total land owned
	.638
	.105
	.657
	6.062
	.000

	
	Annual income
	.102
	.070
	.144
	1.460
	.150

	
	Education level
	-.010
	.103
	-.008
	-.101
	.920

	Dependent Variable: Size of tree farm


Age, household size and annual income had positive influence on the size of the tree farm owned by the household but not statistically significant at p<0.01.  This means that, increase of these factors at one unit will increase the size of tree farm by the magnitude explained by their coefficients when other factors are held constant. Older people own large pieces of land that they acquired through villagization programme where anyone could acquire land by slashing or establishing woodlots provided the head of the clan or lineage authority had information. This program is now hard because the land is already in hands of people who were given freely under the customary land tenure system. 
Fahmi, et al. (2015) found that, the smaller the family, the small piece of land they need to meet their needs and the larger the family, the better labor availability to work on tree farms. Munner (2008) found that the large family size (≥11) members in North Kordofan, Sudan were more innovative in practicing agroforestry systems than family with small size. Household income on the other hand contributes to their ability to manage the size of the tree farm. This is because their economic condition makes them able to adopt tree farming on large piece of land. Kakuru et al. (2014) found that households’ income is the main driver for adoption of on-farm tree planting in Kibaale District in western Uganda. 
Lastly, education level influenced the size of tree farm negatively. This implies that, increase in one unit of this variable will decrease the size of the tree farm by its respective magnitude. These results contradict with Mekonnen and Damte (2011) who found that education level of the household head had significant influence on tree planting behavior and thus people with high education level could have large sizes of tree farms.
4.6 Barriers to Livelihood Improvement
4.6.1 General Challenges
Mufindi District is an area with different economic activities that contribute to peoples’ livelihoods as discussed in section 4.5. The problem of infrastructure slows the transportation of tree farming products (especially timer and poles) to market outside their villages. This makes small farmers sell their tree farming products at low prices to large investors who are able to pay for transportation fee to market areas. The problem of infrastructure and market hinders livelihood development in the area. 83.8% of the surveyed households depend on both internal and external market for their timber products thus there is a need to improve the infrastructures to link the community to market. 
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Figure 4.11: Barriers to Livelihood Improvement in the Study Area TC "Figure 4.11: Barriers to livelihood improvement in the study area" \f F \l "1" 
Source: Scholars primary survey, 2019
Other problems include lack of knowledge and poor ideology on tree farming especially when it takes longer to harvest tree products. This makes some of the farmers cut their trees at young ages to run their livelihood.
4.6.2 Problems Related to Tree Farming
Despite the fact that tree farming is playing a great role to sustain livelihood in Mufindi District, problems of human-wildlife conflict particularly velvet monkeys raiding agricultural crops were reported (Figure 4.12). Tree farming creates a suitable habitat for some wildlife species which in turn becomes vermin to farmers. This problem merges with another problem of security threats (43.1%). Monkeys being a threat to farmers, tree farms also create hiding places for invaders which threatens peoples’ security in the area. Another problem reported was land conflicts (16.4%). This is because of limited land for agriculture and tree farming thus creating conflicts. Although most of the respondents said their land condition has been improving after establishing their tree farms, environmental problems related to litters were also reported. Other problems were conflicts with livestock destroying small trees in the farms thus creating conflicts. 
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Figure 4.12: Problems Related to Tree Farming TC "Figure 4.12: Problems related to tree farming" \f F \l "1" 
Source: Scholar’s primary data, 2019
4.6.3 Respondents’ Suggestions on Improving Tree Farming
Figure 4.13 presents the respondents’ suggestions for improving tree farming. Most of the respondents were aware of the tree farming management practices including silvicultural activities which they do such as pruning and thinning to help the trees grow taller and straight. These activities also reduce competition of resources with other agricultural crops. Despite the fact that most of the respondents said they receive tree farming education from different agricultural and forest officers, 49.1% of them suggested more education is needed to adapt new technology that would improve more on their tree farming. Good planning and M&E practices is also needed. This mainly includes the planting of trees a distant from homes to avoid the human-wildlife conflicts and the litters’ problem. The government needs to provide available arable land to tree farmers to extend their farms for their benefits. Monitoring of the tree farms especially on environmental issues is very important because there are other studies that have reported the negative impacts of tree farming on biodiversity and other ecosystem services (Gerber, 2011; Payn et al., 2015; D’Amoto et al., 2017). Another suggestion was modern inputs including seedlings that grow faster. 
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Figure 4.13: Suggestions on Improving Tree Farming TC "Figure 4.13: Suggestions on improving tree farming" \f F \l "1"  

Source: Scholar’s primary data, 2019
Also loan to the poor and those with small tree farm size would help them extend their livelihood through tree farming. A last suggestion was good governance. This includes solving the cases of corruption especially during harvesting of tree products. This links with poor prices of their products which they sell to large investors who are able to transport the products to reasonable markets outside the region and country as well. The government is argued to link the small scale tree farmers to good markets by either improving the infrastructures or setting a good price for the tree products.
CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

This study assessed the influence of tree farming on provisioning ecosystem services and community livelihood in Mufindi District, Tanzania. The findings revealed that the area has notable land cover changes in terms of especially size of tree farms and built up areas for the period between 1990 and 2018. The factors that contribute to these changes include income generated from tree farming products. These are associated with the size of land owned and the size of the tree farms. Tree farming has a great contribution to community livelihood making the surveyed area sustainable in terms of financial capital. 
The study concludes that modification of market system to small scale tree growers and improving infrastructures from the local rural areas to nearby market is essential so that they can sell their products at reasonable prices. Education and modern tree farming inputs is important to improve tree farming in the area. Therefore, to ensure sustainability of provisioning ecosystem services and community livelihoods in Mufindi District, the study recommends the following
i. Provision of education to small scale tree growers in rural areas is crucial. This can be done by establishing a CBO’s which will help the small scale tree farmers to meet and discuss various matters of modern tree farming techniques and by increasing the number of agricultural and M&E officers to oversee the progress of tree farming activities in rural areas.

ii. The government should include mitigation interventions in the policies to help small scale tree growers in rural areas benefits largely from tree farming activities.

iii. Provision of modern tree farming technology to small scale tree growers is also an important factor to consider. This includes modern seedlings and fertilizers that will help their trees grow well in this global climate challenge.

iv. Provision of loan to small scale tree growers to change their farming techniques. This can be done together by encouraging tree growers establish small social groups that would do tree farming together by sharing the challenges while improving their outputs.
5.4 Implication of the Study

This study makes contribution by widening the theoretical understanding of the influence of tree farming dynamics on provisioning ecosystem services and community’s livelihoods. Apart from that, the study also provides a clear change of tree farming in the study area from change detection which also aligns with respondents perceptions from the study area. This depicts a clear link between changes in tree farming and livelihood well-being. Not only that, the study also gives recommendations for improving tree farming activities from respondent’s perceptions. This is an important contribution to the government to include policies that will help small scale tree farmers in rural areas improve their farming activities.
5.5
Limitations of the Study

The first limitation was the target respondents. Most of the respondents had no record of their annual income and income generated from different livelihood strategies. It was a challenge to make them recall the income they had generated in a year. Also language barrier was a challenge especially to old household heads of above 60 years. More time to discuss with the respondents with the help of local guide helped to overcome the limitation.
Another limitation is that the results cannot be generalized to all parts of Tanzania and outside where the study was not conducted. Despite the limitations, the study contributes significant information that can feed into the policy to help small scale tree farmers manage their tree farming activities for improving their livelihoods. 
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APPENDICES

Appendix I: Research questionnaires
A: General information

Name of respondent: ________________, Ward: _______________, Village: _______________

B: Demographic characteristics 

1. Gender 

Male ( ) =1; Female ( ) =2

2. Age

18-35 ( )=1; 36-50 ( )=2; >50 ( )=3

3. Household size
<8 ( )=1; 8-15 ( )=2; >15 ( )=3

4. Marital status
Single ( ) =1 Married ( ) =2 Divorced ( ) =3Widowed ( ) =4

5. Education level
None( ) =1Primary School ( ) =2Secondary School ( ) = 3 university ( ) =5 other ( ) = 6

6. Primary occupation
Farmer ( ) =1 Agro-pastoralist ( ) =2 Pastoralist ( ) =3 Laborer ( ) =4 Other ( ) =5

7. Wealth status of household
Better-off ( ) = 1 Average ( ) = 2 Poor ( ) = 3
C: Tree farming management and provisioning ecosystem services

1. What is the spatio-temporal status of tree farming in the village (individual level)? a) Increased  b) Decreased c) Static 

2. Have services/products from tree farming changed your standard of living?    a) Yes b) No.

3. Size of tree farm owned.......…; Year of establishment……………

4. Land condition at the beginning of establishing tree farms 
Good condition (not degraded) ( ) = 1 slightly degraded ( ) = 2 Degraded ( ) = 3 other ( ) = 4

5. Tree species planted

	No:
	Name of tree species
	Source of seedlings/seeds

	
	
	

	
	
	

	
	
	

	
	
	


6. What is the most preferred tree species? Reason……………………………

7. Silvicultural activities performed
Pruning ( ) = 1 Thinning ( ) = 2 Singling ( ) = 3 None ( ) = 4; why do you do these activities………..……..

D: Resource ownership/ natural capital

1. What is the total size of land owned by the household 0-5ha ( )=1;  5-10ha ( )=2; 10-15ha ( )=3;15-20ha ( )=3; >20 ( )=5 

2. Use of land owned agriculture ( )=1; rented ( )=2; business ( )=3; fodder ( )=4

3. Land under agricultural crops…..ha; land under tree farming……ha; land rented…..ha

4. How was the land acquired?
Owned ( ) =1 Rented ( ) =2 Inherited ( ) = 3 Share ( ) = 4

5. Have you rented your land before?
Yes ( ) =1 No ( ) = 2

6. If YES, give reason…………………and value of income you received………
E: Tree farming services/products and their market prices

1. Use of the products/services Subsistence ( ) =1 Commercial ( ) = 2 Both ( ) =3

2. Source of market

Internal ( ) =1  External ( )=2 Both ( ) =3

3. Satisfaction of the prices for tree products
Very satisfied ( ) = 1 Satisfied () = 2 Not satisfied ( ) = 3 Don’t know ( ) = 4

4. Perception on future demand of tree farming products
High ( ) = 1 Medium (same price as now) ( ) = 2 Low ( ) = 3 Don’t know ( ) = 4
F: Awareness on tree farming development

1. What motivated you to start tree farming………………..

2. Do you get any education on improving tree farming activities? Yes ( )=1  No ()=2.

3. If yes, from where…………………………………….………………………….

4. Are you aware of the national forest policy governing tree farmers? Yes ( )=1  No ( )=2

G: Household livelihood strategies

1. Indicate income generated last year from the following activities

	Livelihood activity
	Income generated(TSH)

	Agriculture
	

	Livestock
	

	Renting
	

	Labor/employment
	

	Tree farming products
	


2. Indicate income generated from different tree farming products in the last year 

	Provisioning ecosystem service
	Income(TSH)
	% to Annual Income

	Timber &poles
	
	

	Firewood
	
	

	Fruits &vegetables
	
	

	Medicine
	
	

	Beekeeping
	
	

	Employment/labor in plantation farms
	
	


<25% ( ) =1; 25-49% ( ) =2; 50-69% ( ) =3; 70% and above ( ) =4; 0% ( ) =5

3. What are the barriers to livelihood improvementclimate change ( )=1; lack of education ( )=2; infrastructure and transportation problems; market problems ()=4; other ( )=5

8. Household assets possession

	Livestock
	Type    No:
	

	Transport assets
	
	

	Machinery/equipment of production
	
	


9. What is your annual income? 

i. <250000

ii. 250000-499000

iii. 500000-999000

iv. 1000000-4990000

v. 5000000-9990000

vi. 10000000 and above

10. Is there any resource use conflict associated with tree farming? Y/N. If yes, why? a) Land for agriculture b) land for livestock keeping c) accessibility of firewood d) accessibility of timber e) accessibility of non-timber products such as ethno-medicine, wild-fruits, vegetables f) competition for water resources e) other_________

11. What problems are you getting from living close to tree farms? Human-wildlife conflicts ( )=1 Security threats( )=2  Environmental problems ( )=3  Land conflicts ( )=4  Livestock related problems( )=5

12. What are your suggestions/views on the improving tree farming? 

Good planning & M&E practices ( )=1 Modern inputs ( ) =2 Education ( )=3 Loan ( )=5 Good governance ( ) =6

Provisioning ecosystem services


Timber and poles, fuel, fodder, medicinal plants, beekeeping, labor opportunities 





Livelihood Well-being


Comprise of human, natural, physical, financial and social assets











Livelihood outcome


Improving


Stable


Deteriorating
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