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Abstract
Agroforestry for the purpose of carbon sequestration, a global public good, in relation to increased food security in the context of subsistence farming, a local public good, is not always well understood. Issues of different time horizons and approaches to risk management may be part of the explanation. This paper aims to contextualise agroforestry in a setting of subsistence livelihoods in order to identify constraints and opportunities for agroforestry related activities. The paper proceeds from a comprehensive agroforestry project in western Kenya and builds on short but intense fieldwork in two trips in late 2007 in the project area. 
Taking a qualitative approach, and in the presence of local ICRAF personnel, we have observed and discussed physical conditions and livelihood issues with subsistence farmers who were theoretically sampled. Our semi-structured interviews are closely interlinked with observations resulting in a method here coined ‘narrative walks’. The article is rooted in an illustrated narrative, emerging from the analysis of our data, where excerpts from interviews with key persons tell a story of how subsistence farmers with varying degree of food security and business opportunities may understand agroforestry in the context of their livelihoods.

Despite the findings that farmers are knowledgeable about the importance of trees for the environment and their livelihoods; that they welcome agroforestry projects providing ideas and initiatives; and that they are prepared to venture into agroforestry it is a main conclusion that many constraints remain before agroforestry spontaneously takes root. This paper suggests that constraints are rooted in dilemmas relating to food security and risk taking. Based on the assumed level of food security among subsistence farmers in a number of villages and settings we distinguish two types of actors: ‘risk avoiders’ and ‘opportunity seekers’ where the former gives priority to food security over business activities with unpredictable outcome whereas the latter is prepared to make investments given certain pull and push factors. In a context of shortages (land, water, food) it seems that subsistence farmers give priority to risk minimisation in their daily practice.
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1. Introducing the problem of carbon sequestration, agroforestry and subsistence farming
Biological carbon sequestration, i.e. enhancing the uptake and storage of carbon in the biosphere, has been discussed as a tool for climate change mitigation since the Kyoto protocol in 1997. Most recently the World Bank, in its Development Report 2008 on agriculture (WorldBank 2007), underlines the issue of carbon sequestration for mitigating climate change and enhancing sustainability of farming systems. In our context, agroforestry is regarded as an important undertaking with a large potential for creating synergies between climate change mitigation and adaptation. Since long, it is also widely believed that agroforestry can serve as an efficient tool for progress in poverty alleviation (Sanchez 2000) and again this is endorsed by the World Bank that highlights the emerging carbon market as a potential income opportunity for smallholders in Sub Saharan Africa (WorldBank 2007) :263
By tapping into the emerging carbon market there is a huge potential for funding agroforestry activities, but many aspects are still unsolved for making use of the full potential and to achieve both environmental and social goals. We see four major issues to be addressed in this context. The first two issues are concerned with the biophysical potential and the permanence of carbon sequestration. There is a good scientific understanding that the potential for longterm carbon storage through agroforestry is substantial (REF). There are two other issues that are less researched however. They can be formulated as two questions: Under what social conditions can the techniques of agroforestry and carbon sequestration be integrated into agricultural livelihoods? And what are the necessary institutional arrangements for linking the local agroforestry activities to the merging global carbon market? This article will mainly address social aspects of agroforesty and do so in the context of subsistence agriculture in Sub-Saharan Africa, western Kenya.
From the perspective of poor farmers the links between agroforestry and subsistence livelihoods are neither obvious nor always well understood. Trees grow slowly while the main priority of putting food on the table is an arduous daily task that cannot be postponed while waiting for whatever fruits those trees will offer. This does not mean that poor farmers do not appreciate the importance and values of trees. But the planning horizon for subsistence farming is fundamentally at odds with the planting and long term growth of (most) trees including the harvest of their fruits and benefits.

The article serves to clarify crucial aspects that in complex ways link agroforestry to subsistence livelihoods. We argue that it is important to explore, visualise and explain these links for the purpose of improved and sustainable livelihoods (Ellis 2000). This is done through fieldwork in the setting of Western Kenya in the context of experiences from a project initiated by ICRAF in July 2005. As a reference point some data are drawn from subsistence livelihoods in the Central Province of Kenya that are not part of the ICRAF project. The article seeks to show how agroforestry can be integrated into the livelihoods of subsistence farmers. Hurdles that may slow down the integration process will be highlighted.
2. Setting the scene of land degradation, poverty and HIV/AIDS

Food production per capita continues to decrease in Sub-Saharan Africa, SSA, in contrast to sustained increases in other parts of the world. Food insecurity is therefore an acute problem in SSA especially in combination with severe land degradation and poverty. (UNEP 2007)
The Kenyan government has launched an agricultural programme for the sake of modernising traditional farming where it is mentioned that ‘subsistence farming is history and should be eradicated from our vocabulary’ (expand and comment on this; find reference).
In a five year project, focusing on agroforestry and starting in July 2005, ICRAF set out to study and contribute to remedy the inter-related problems of environmental degradation, low agricultural production and worsening poverty in the Nyando and Yala river basins.

Description of the study area including a map indicating the six areas. Describe how they were established.

Table 1. Basic information on the six areas compiled from ICRAF’s socio-economic survey.

	
	Lower Nyando
	Mid Nyando
	Upper Nyando
	Lower Yala
	Mid Yala
	Upper Yala

	Number of records
	311
	160
	160
	161
	160
	160

	Number of fuel sufficient households
	10%
	19%
	26%
	24%
	9%
	12%

	Number of land suffcient households
	12%
	35%
	37%
	37%
	13%
	50%

	Mean elevation
	1 354
	1 573
	2 192
	1 303
	1 569
	2 200

	Mode land holding (acres)
	3.00
	2.00
	2.00
	3.00
	0.50
	5.00

	Mean Land Holding
	4.66
	11.31
	4.87
	3.90
	1.92
	14.60

	Mean HH size (number of members)
	7.20
	6.68
	6.89
	6.32
	6.52
	7.20

	STD HH Size
	4.55
	3.48
	3.05
	3.21
	3.02
	3.31


Insert data on rainfall, population density, abandoned land in the table…

In terms of development the project aims at reversing land degradation; improving rural water quality; and promoting income-generating activities for rural farmers in western Kenya. As a methodological startingpoint the project states that proposed changes in agricultural practices must be based on the recognition of socio-economic needs and expectations of rural populations. In order to attract farmers and make them adopt the project improved agricultural practices must also increase farm profitability. The overall methodology is an ‘integrated approach to management of the agricultural landscape’ and it is believed that a sustainable agriculture will provide environmental benefits at the local, national, and global levels.  
3. Identifying the research question and sub-questions
The initial overall question raised by ICRAF was: how can agroforestry be integrated into subsistence agriculture for the purpose of remedying problems of land degradation, resource scarcity, and in some areas also disease (HIV/AIDS)? In 2007, halfway through the project and based on ICRAF’s preliminary findings, the overall question can be reformulated into: if it is widely recognised in research that agroforestry can contribute to poverty alleviation (Sanchez 2000)then why is agroforestry not readily and widely adopted in practice in ICRAF’s research area in western Kenya? In our view, the ICRAF project has identified a number of constraints to agroforestry among subsistence farmers that are addressed within the realm of the project, yet there seems to be several other and reinforcing problems that need to be identified and discussed. In this analysis we therefore concentrate our efforts on understanding the dynamics of the subsistence system and the constraints to a wide acceptance and adoption of agroforestry among subsistence farmers. Yet, we also want to identify opportunities so the main question of how agroforestry can take root remains.
Proceeding from ICRAF’s questions on the role of agroforestry in subsistence farming, we approach the problematique from a different angle, however. Instead of taking agroforestry and poverty as starting points we apply a livelihood framework (Ellis 2000) that is further developed in our research. This decision is based on reasons discussed below.

Historically, agroforestry has been defined in narrow terms referring mainly to the number and kind of species interacting in an agro-ecological system (Somarriba 1992) whereas lately the definition has expanded to also include economic aspects, for example ‘the use of woody species must result in the enhancement of either the biological productivity or the economic return of the system, or both’ (Cornell 2007). But the concept of agroforestry is still strongly biased towards the biophysical and the economic benefits of trees while social and cultural aspects are rarely included. It is evident that most scholarly publication on agroforestry is significantly biased towards the natural sciences. For example, the prime scientific journal, Agroforestry Systems, is only abstracted/indexed in the natural sciences.

We argue that the main purpose of expounding the definition is that a more inclusive treatment of agroforestry will make it more widely accepted and practiced and thereby facilitate its integration with livelihoods. For the sake of research, we argue that a reframing of agroforestry into a wide reaching social activity will allow a different understanding of processes associated with and resulting from agroforestry. We also argue that such a holistic approach to agroforestry will inform future policy processes.
Since we want to see the potential of agroforestry within a livelihood context, we attempt to bring livelihoods rather than agroforesry into focus, the rationale being that understanding the subsistence livelihood is important for the sake of contextualising agroforestry. A sustainable livelihood approach allows us to see subsistence farming as a system and with that in mind we formulated the following overall research question: 
Under what conditions are subsistence farmers prepared to participate in agroforestry activities and given their subsistence livelihoods how can their degree of involvement be increased compared to the current situation?
In order to see subsistence livelihoods from the perspective of farmers and to be able to explore the many different aspects where agroforestry could become important, the overall question has to be broken down into more specific questions. From a systems approach, we formulated the following four sub-questions on the system and two sub-questions on trees:

· What is the main operating principle of subsistence farming as a system and what are the driving forces behind change and resistance to change in this system?

· How is production and consumption organised in this system?

· How can surplus or profit be generated and how is it used?
· How do subsistence farmers handle the issues of investment, risk and security?
· What do subsistence farmers think about trees?

· What kind of knowledge do they possess about trees?
Via the sub-questions we seek to answer the guiding question: how come that subsistence farmers don’t plant more trees than they actually do? As stressed, we also seek an improved understanding of the potential benefits of and problems with agroforestry in that system. 

4. Presenting our methodology 
Ontological and epistemological starting points
Methodology shapes the methods you use and how you apply these methods (Silverman 2005) :109. As for methodology, our ontological starting point proposes that subsistence farmers may have a different outlook on the importance of trees than a research institute. As an epistemological starting point we propose that if farmers are reluctant to planting trees this is not mainly related to their knowledge about trees, or lack of knowledge, but more related to circumstances found in the subsistence livelihoods of these farmers.

Concerning ontology we propose at the outset that subsistence farmers consider trees as private local goods with mainly tangible uses in local livelihoods, whereas ICRAF focuses on land degradation, soil erosion prevention and poverty alleviation in relation to trees and agroforestry. In addition to this ICRAF emphasises the abstract benefits like biodiversity and carbon sequestration thereby referring to the global public goods of agroforestry.
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Figure 1. Different ontologies on different levels in systems with different logics
Concerning epistemology we propose at the outset that subsistence farmers would have a good general understanding and knowledge of the importance of trees in relation to subsistence livelihoods and that this knowledge is mainly generated by experience or passed on over generations rather than gained through schooling and education. The implication of this is that agroforestry must be researched in close relation to the livelihoods of subsistence farmers. The concept of livelihood, modified from Ellis (Ellis 2000), is here understood as the sum of an individual’s material and immaterial assets; access to opportunities; and his/her agency in income-generating activities drawing on these assets. An extended version of livelihood including a gender perspective would also include the nature of the achievements that an individual is able to make be it traditional or strategic and involving empowerment or not (Kabeer 1999). If you make a strategic achievement you may be able to ‘get out’ of poverty in contrast to ‘getting by’ where poverty is perpetuated (Lister 2004). The livelihood approach will serve as a backdrop in our theoretical frame.
Methodology, methods and data

The guiding question throughout our short and intense fieldwork research in two parts followed by intense data analysis is: how come that subsistence farmers don’t plant more trees than they actually do? In the research process we have applied progressive focusing as an overall method for developing, clarifying and delimiting the research scope (Hammersley and Atkinson 2003) :175. This means that our combined method of observations and interviews for data construction was continuously refined to become more analytically focused as we progressed through the field. For the sake of testing preliminary theoretical categories, filling in data gaps, saturating the empirical material and thereby making findings less provisional our first fieldwork in November 2007 was followed by a second fieldtrip in December 2007.
Concerning methods we have used observations for understanding the spatial and physical conditions of farming and agroforestry in nine particular settings of subsistence farming in Nyanza and Western Province in Kenya [(Kalacha, Kowala, Kokoto, Akala, Angelina/Steve (insert village), Butiti, Kaimosi, William (insert village)]. We also used one reference point for subsistence farming in a village in Nyahururu, Nyandaro district in Central Kenya where we interviewed farmers experiment with the growing of sugar beets. The relevance of using this reference point is that physical conditions resemble those in upper Yala in Western province whereas as entrepreneurial initiatives resemble those in lower, middle and upper Yala as we know them according to our cases. Research in Nyahururu took place in between fieldtrips to western Kenya. Our observations are documented in notes and photos.

In the field we made observations of the landscape together with local subsistence farmers and ICRAF staff. In the actual doing of research we noticed that we, due to interaction with key informants and respondents, applied a method that we coined ‘narrative walks’. At every visit we walked across the land in the company of a farmer or two and an interpreter or two. These open but guided tours functioned as a sort of invitation to respondents to take the lead in informing us about their farming system; their cultivation procedures and decisions; their tools, yields and skills; their awareness of sustainability issues; local livelihood conditions like the access to and use of fuelwood, (un)safe water, nutrients and food while we could intermittingly pose structured questions as well as open and follow up questions. Throughout those walks we made observations of the landscape and posed questions inspired by the information offered by our companions and our joint observations.

The special characteristic of this method is that although we brought semi-structured interview guides and certain questions to the field, it is the actual observation that generates the questions posed; their sequencing; and their timing during the interviews. This means that while maintaining the original intentions of the research question and the interview guides we reformulated our questions to fit every actual context that we entered. After greeting our local host(s) on every visit, the opening question would be: may we have a look at your farm and the land in the village? Then followed a series of questions related to agroforestry and the uses that subsistence farmers see in tree products. Proceeding from this and with a close focus on agroforestry throughout the interviews, our conversations progressed in various directions depending on the actual observations and the content of the answers. In the dialogues on access to and use of fuelwood we posed questions on cooking and heating facilities. In relation to household chores and linked to the overall water situation in agriculture we posed questions on water quality, water provision and water harvesting. Health issues like smoke from cooking over open fire and HIV/AIDS were also covered.
We allowed respondents to describe and explain their conditions in detail. If information was vague we asked for a fuller picture. In order to clarify, reveal and confirm their understanding of the linkages between agroforestry and subsistence livelihoods we asked simple questions seeking indepth answers. In our combined method we linked what we saw with what we heard (Silverman 2005):175. In the final analysis we construct an interpretation of how we understood their described experience of their own livelihoods (Holliday 2007).
In the study all respondents are to be seen as bearers of information of what it means to be a subsistence farmer rather than as particular subjects whose personal traits and specific experiences we wanted to pass on. Yet, by formulating a story for one and each of the main respondents in each village visited we have attempted to capture the dynamics of certain processes that are crucial for linking subsistence livelihoods to agroforestry. This means that in our narrative we draw more on interviews with certain respondents than others for the sake of portraying them not as individual but into types of farmers with a certain agency structured by their context. In this article we will use the real given names in our illustrative examples.
Codes, analysis and emerging theory
Our data can be described as a limited but rich empirical material generated during narrative walks. In the data analysis we are inspired by methods in grounded theory (Charmaz 2006). In the early stage of the analysis we therefore stayed close to our data and open to theoretical directions. Yet, grounded theory is present throughout the process since data from the narrative walks is subject to continuous analysis. In the coding we looked for units, concepts and segments to be translated into short, simple, precise and analytic codes. 
For the purpose of exploring activities crucial for agroforestry in subsistence livelihoods we have tried to identify and follow certain actions, sequences and processes in the field and in the data analysis. As a helpful tool in doing this we have coded data with the help of gerunds (ing-forms of verbs) as often done in grounded theory (Charmaz 2006) :49. In the analysis we developed categories of ongoing action and thinking to illuminate data, then we tried to saturate the categories using appropriate cases, and eventually we attempted to develop these categories into more general analytic frameworks with relevance outside the setting (Silverman 2005) :179. 

In the analysis we followed Silverman (Silverman 2005) :152 by actively looking for those concepts that were most productive for understanding the data. A modified version of Silverman’s four-step method of analysis was applied for asking questions to our empirical material (2005:153). The steps involve articulation, definition, context and consequences as well as access problems.

The fourth step, the least problematic in our case, refers to access to the field. Our fortunate situation of ready access to the field sites via the ICRAF project reduced the experience of access problems. We therefore saw little need for topicalizing any such obstacles (Silverman 2005). But we did consider the disadvantage of being strangers in the research setting not knowing the local languages. As some sort of compensation our pre-knowledge from research in similar settings offered a preparedness and readiness for reading the landscape together with local farmers and good interpreters. In sum, we experienced a high degree of cultural learning but a low sense of strangeness in the research setting (Holliday 2007) :21.
Going back to the first step in Silverman’s method of analysis this relates to articulation. We now looked for the main units and sequences in our data to see how they were interrelated. This helped us answering the question: how can we describe and articulate the context? The articulation analysis offered two powerful pictures. We named the first picture ‘avoiding risks’. It shows that in a subsistence system poor soils and less rain will increase the need for risk aversion due to seasonal food insecurity. We named the second picture ‘seeking opportunities’. It shows that in a subsistence system richer soils and higher food security will increase the options for doing business. Articulation thereby refers mainly to different approaches to risk. If food insecure you strive to minimise risk while if food secure you may think it is worth to make an investment and take a risk.
The second step relates to definition. We looked for the most common concepts used by 
our informants. This helped us answering the question: how do respondents define their subsistence livelihoods? The definition analysis offered key concepts like ‘seasonal shortage’ of water, fuelwood and food. It also highlighted practices for dealing with shortages, such as ‘creating awareness’ and ‘teaching others’ as well as ‘forming groups’, ‘sharing land’ and ‘working together’. Definition thereby refers mainly to various security issues.
The third step is closely related to definition and refers to the context and consequences of how respondents understand these concepts. Here we needed a deeper interpretation of the very context that we had explored in the field and the actual consequences of integrating agroforestry into subsistence livelihoods. Concerning context and consequences we located certain data relating to resources and assets especially in lower Nyando (Kalacha, Kowala, Kokoto). Concerning water as a resource we realised that farmers in this area live in a dry area where you cannot plan for several harvests. Concerning land we realised that there is severe land degradation that farmers need to tackle; here awareness raising is needed and agroforestry will have a huge potential. Concerning labour we realised that farmers work together in order to solve problems, increase security and make the most of the situation. These emerging discoveries from our data analysis pushed us into the creation of themes.
Emerging themes

Based on our empirical material and for the sake of understanding livelihoods in subsistence farming we have generated a number of themes relating to the system and its workings:
· Understanding subsistence farming as a system. Here we discuss traditions and knowledge about trees in subsistence farming.
· Operating on a daily basis in a subsistence system. Here we discuss how resources and assets like fuelwood, water, nutrients, labour and time are used in daily life. This is the issue of ‘getting by’ in subsistence livelihoods.
· Contextualising subsistence farming in time and space. Here we concentrate on how subsistence farmers read and understand the landscape; awareness raising; learning from significant others and the issue of being visionary about future options.
· Doing agroforestry in subsistence farming. Here we discuss the minding of screening plots; how farmers work together in local nurseries; and the pooling of resources.
· Doing business in relation to agriculture and agroforestry. Here we discuss how farmers reap the fruits of investments in resources and assets; the setting up of small scale business; and the making of small scale handicraft such as baskets, ropes and pottery. This is the issue of making achievements and ‘getting out’.
· Appreciating social capital. Here we discuss the forming of farmers’ groups; the working together on common land; the process of accepting HIV/AIDS, adopting positive living and learning to live a healthy life. We also include a section of how farmers cope when ‘living with their sorrows’, mainly due to HIV/AIDS.
With these emerging themes, which were developed in a longer illustrated narrative (Jerneck and Olsson 2007), we were pushed into further theoretical reading and the construction of a theoretical frame.
5. Launching and applying a theoretical frame
When we once more applied the step of articulation (Silverman 2005) in a close analysis of the empirical material then our data suggested that among subsistence farmers interviewed in the study there is wide knowledge and acceptance of the benefits of trees. These farmers show awareness of the environment and sustainability issues and a preparedness to expand agroforestry. But in synthesis the articulation analysis suggests that despite knowledge and willingness in mind there is reluctance in action. This means that much action is taken but not as much as expected by ICRAF and less than would be motivated in relation to farmers’ own descriptions of their readiness. The obvious question is why? The theoretical frame presented here aims at facilitating a more systematic investigation of answers to this question.
Based on our pre-knowledge of the dynamics of poverty, food security and risk management in various farming systems as well as analytical insights from the initial coding of our empirical material, we constructed a theoretical frame to be applied in the further analysis of data. We then adapted the frame to the modified livelihood approach, mentioned in the methodology section and including assets, access, agency, activities and achievements. The frame serves to identify, discuss, and explain constraints that subsistence farmers experience and (try to) overcome for the sake of a more active participation in agroforestry. 
In applying this frame we argue in the following way. If you succeed in overcoming your constraints on a more long term basis then your situation can be described as a case of ‘getting out’ (Lister 2004) of food insecurity resulting from a successful combination of your assets, access and activities. It could also be a case of achieving some strategic improvement (Kabeer 1999) which by for example Sachs (Sachs 2005) is metaphorically described as having reached the first rung on the ladder out of poverty. But in case you manage to overcome your constraints only on a short term basis then your achievements rests within your daily context and your situation may be described as ‘getting by’ (Lister 2004). 
Getting out requires investments of some kind. The willingness to invest depends on the chances of success as well as the potential gains and losses associated with the investment. The opportunity costs of making these investments are also an important aspect of the investments themselves. With narrow margins the labour, capital and time spent on one activity leaves you with fewer resources for an alternative activity. Investments and concerns differ from household to household but can still be categorised into the following five types (A-E) with examples relevant to our data and compatible with a livelihood approach:

A/ investing your resources and assets in an activity.
· Labour: making handicraft that can be sold or barter traded; guarding the goats or constructing an enclosure to make them stay away form uprooting, destroying or eating your tree seedlings; preparing and weeding land to improve crop performance,
· Land: allocating land for an investment in new crops or trees or for communal use,
· Time: visiting the agricultural extension services Field Day; discussing new ideas with neighbours; inviting the extension service to discuss a project on your farm,
· Physical assets: using your animals for traction on your own or on other farmers’ land; making use of manure from your own cattle for fertilising the soil on your land
· Capital: using capital to invest in a new activity.
A further example of how to increase your time assets is taken from Nyahururu, with Wilfred and his neighbours, where all farmers make sure they have enough trees on their shamba for the daily firewood consumption. Through systematic and well organised pruning of the trees they do not need to spend time on collecting fuelwood. Thereby they have more time for other and more productive tasks like producing sugar beets for the market. A further example of how to increase your physical assets is taken from William in upper Yala. By keeping cattle in enclosures William can collect manure to be used as an important resource in his nursery where he produces 6000 seedlings per year mainly for commercial purposes.

B/ assessing the risk associated with investing your resources and assets in an activity.
Even the most promising investment may be associated with unacceptable risks of failure. Willingness of taking such risks differs between individuals but it also varies with the levels of food security and margins to destitution and survival. Reducing risks can therefore be an important way of promoting investment activities. Examples of such risk reductions are insurance schemes, warranty, and the provision of support services such as animal health. It could also take the form of some sort of collective action where you either seek to take a shared risk or avoid one and thereby create more security.
Examples of risk aversion are common in our empirical material. How come that Clement in Kalacha is prepared to plant sun-flowers if he is not sure that he can sell the harvested seeds; why should subsistence farmers plant trees if the short rains will not come like in the case of the potential customers to the seedlings in the nurseries belonging to the groups in Kalacha and Kokoto or to William in Yala; or why should farmers plant seedlings if goats eat them. James embarked on a risky business by investing in fifty broilers that he bought in Kisumu and transported by bus back home to Kaimosi. He has now decided not to invest in chickens another time until he has secured the necessary inputs of feed and medicines. If James succeeds then the agency invested in the broiler project may result in achievements such as stronger access to markets and a cash income for investment in a new activity.
C/ overcoming competing demands on your resources and assets.


The most obvious example of competing demands is perhaps that over land. In conventional agriculture trees are often seen as competing with field crops for space, both in terms of the actual land area and in terms of competition for water and light. In certain farming systems, such as oasis farming systems and home gardens in Sri Lanka (Jacow and Alles 1987) and Indonesia (Kehlenbeck and Maass 2004), trees are actually seen as a way to expand cultivable areas by adding productive layers to a piece of land with various land covers at lower levels. Such perennial multiple-layered cropping systems can provide both higher productivity and better insurance against the risks of erosion, weather, pests and disease (UNEP 2007). In our empirical material there is emerging evidence of multi-layered cropping in Kowala where women in the collaborative group plant trees on fallow land and intercrop with vegetables. If this becomes a continuous project it may result in multi-layered cropping.
Overcoming competing demands for land
Agroforestry can be seen as an activity competing for scarce resources in subsistence livelihoods where land, labour and capital are limited and food production is a first priority. There a several different ways for how you, in our examples, can escape competition for land. First, when an asset like land is too degraded for agriculture it can be made available for other purposes like agroforestry. Some women in Kowala are widows and therefore heads of households and landowners. Under such conditions one group member in Kowala made part of her degraded land available to the collaborative group because it was not suitable for cultivation any more. In that situation agroforestry was seen as an opportunity. Nancy:

Our women understand that they will benefit from trees. When we plant trees, our group members think that we have accomplished our mission to stop soil erosion. The group as a whole will benefit when erosion is stopped with the help of agroforestry and those women who made their land available for tree planting know that they will reap the fruits from that.

Secondly, in the case of elderly couples with reduced household size the competition for land is overcome through a different dynamic. Families who have lost many children to HIV/AIDS may have comparatively much land but comparatively little labour so agroforestry can be a good opportunity. Angelina and Steven have a rather large subsistence farm to feed their previously large family of nine children which is now reduced to four because of HIV/AIDS. The household is further reduced because of migration and no offspring except a few grandchildren stay with them. The family used to practise animal traction for ploughing their land. But with every death in the family they had to slaughter a bull for the funeral. After the death of five children and five spouses there were no bulls left for ploughing and land to be worked by manual labour was therefore plenty. Today they cannot even cultivate all their land. Thus agroforestry emerged as a good substitute and investment opportunity. Angelina is in charge of two screening plots (30x30) planted in May 2007, one for herself and one for her grandson (22) who studies in Kisumu and comes to visit. 

A third way for how you can escape the competition for land is seen in the case of William in upper Yala. He overcame the competition for land between crops and trees, i.e. between agriculture and agroforestry, when he turned his trees into a profitable business chain from production of seedlings in his nursery to the production of surplus fuelwood that he sells on the local market. In his context of food security, relatively much land and a large nursery the planting of surplus seedlings, i.e. agroforestry, into non-utilised space such as at edges, in corners, along narrow passages and on swampy land creates no land competition.

Overcoming competing demands for labour
One example of overcoming the constraints of labour shortage is to allocate land for communal purposes like it is done in Yala by William concerning his swampy land and Jemima concerning her land plot now that she has become a widow and suffers from HIV/AIDS. In the case of William he agreed with a few other farmers in the village to get together into a group and turn his swampy land into three fishponds the produce of which would be sold and the profit put into a community fund. The group members would contribute their labour to this investment. In the case of Jemima she could no longer work her land alone so she turned it over for joint use to the group of widows where she is now the chairperson. The group will look after the land and share the production. Neither William nor Jemima could have used their available land in a productive way if they had worked it on their own. 
Overcoming competing demands for time

Monica, the chairperson of the first collaborative group in Kowala, practice multi-tasking by making baskets for sale while carrying out other tasks where free hands are not needed like at group meetings. Clement in Kalacha use short free moments to make ropes for sale out of locally produced materials from Agalla. Rose concentrates on pottery, her comparative advantage, while leaving the time consuming activity of selling the pots at the market to a middleman. Selling to a middleman would also guarantee that all her products are sold.
D/ path dependence of investments in terms of interdependent activities and agency.
Investments could be seen not as single events but as part of a chain of work tasks, triggered by the initial event, until the final reaping of the harvest. Seen in this perspective, the planting of trees is only the first step in a chain of activities and agency where there may be unforeseen constraints subsequently, such as the need for guarding and watering the seedlings once they are planted. As an example, Clement in Kalacha ended up spending a lot of time guarding the woodlot because many neighbours with goats did not respect the informal rules of grazing.
E/ assessing the opportunity costs of investments in your resources and assets.
The opportunity costs of making an investment refers to what could have been obtained or achieved by not making it. This is particularly important to assess in the context of path dependency. A good example is the investment in time to guard tree seedlings under a long period until they are large enough to withstand grazing and trampling by livestock. The time allocated to guarding could possibly have been used for other and potentially more profitable (short term) activities like making handicraft the result of which can be sold in the market in the near future. The cooking pots that Rose makes in her daily pottery session during one week can be sold at the market in the next week. When she trades them to a middleman she can spend time on producing new pots instead of selling them personally at the market place.
6. Discussing our findings
It is a main finding, from the analysis of our empirical material constructed in various subsistence settings on the basis of what we call ‘narrative walks’, that in relation to agroforestry there is a discrepancy in subsistence farming between awareness and agency. We see a vital gap between subsistence farmers’ relatively good knowledge of the benefits of trees versus their relatively low action in terms of planting trees. We describe this gap between mind and deed in terms of:

· High awareness versus low agency 
This gap image, resulting from a second round of articulation analysis of our empirical material (Silverman 2005), encouraged us to identify two main production chains in subsistence farming in our research setting:

· The subsistence chain: producing, processing, preparing and cooking food
· The cash crop chain: producing, processing, marketing and selling products
The gap image and the two resulting production chains made sense in relation to the images resulting from the first round of articulation analysis where we identified security and risk as core issues in the articulation. We therefore generated the following two types of strategies in subsistence farming in our research setting:
· Avoiding risks

· Seeking opportunities
Proceeding from the gap between awareness and agency; the two chains in subsistence livelihoods; and the two types of strategies, we formed two categories of farmers in relation to risk and security:

· The structurally restricted subsistence farmer – structured agency

· The agency oriented subsistence farmer – opportunity agency

Below we combine each chain with one strategy and one type of farmer into two tracks.
The subsistence chain: producing, processing, preparing, cooking and consuming food

The main question: will there be enough food?

Our main ontological insight concerning subsistence farming as a system on the verge of food security is that the agricultural production and processing of food and the household preparation, cooking and consumption of food are closely related. This means that you produce for the household (clearing, planting, weeding, fertilising, harvesting), you process for the household (storing, milling, grinding), you prepare and cook for the household (cooking, boiling, baking) and you consume in the household. For cooking you need fuel. That fuelwood is either picked from the forest or from your shamba if it is not bought. Often you have to spend time to collect the fuelwood. Water is also collected and if it is not clean or purified it has to be boiled; for that purpose you need more fuelwood. The more water you use for drinking purpose the more fuelwood you need. The more fuelwood you cut from the forest the more trees and plants you have to replant. But are there enough incentives to do that?

We argue that the implication of this is that much strategic thinking and planning in the household is related to the issue of food security: is there food enough for twelve months a year or only for eleven or less? And if there is not enough food for the whole year what are the long term strategies and the short term practices for overcoming the shortage?

We propose that in the food insecure context of subsistence farming every investment is seen as a risk and the capacity and willingness to invest in risky projects is minimal. Working together can therefore be a method for overcoming and safeguarding against risk. Collective action for food insecure farmers is therefore mainly a matter of avoiding risks. We have observed that farmers get together in groups to discuss, raise awareness and take action.

We propose that subsistence farmers who experience food insecurity regularly invest time and labour in short term activities that are intertwined with their daily living such as making baskets, ropes and pottery or selling occasional vegetable surplus at the market place. These farmers also engage in barter trade and some also look for occasional off-farm work like planting another farmer’s field, plastering a neighbour’s house etc. Saving money in livestock is a method widely practiced among subsistence farmers for unforeseen expenses. Such saving is a type of safeguard against emergencies. For these subsistence farmers trees may not be a first priority. Thus, the question emerging from this setting is: why should we plant trees?
Seeing the structured agency – structurally restricted farmers

With low livelihood security (food insecurity) you cannot afford risk taking. Consequently, your preparedness and willingness in mind exceeds the actual deed

In Kalacha, Kowala and Kokoto in lower Nyando we found an increasing knowledge about the benefits of agroforestry and a willingness in mind to venture into more agroforestry combined with access to markets mainly due to the proximity of a major road. Yet, from our interpretation, we also found hesitancy in practical initiatives. So why is this so?

Some subsistence farmers, as in lower Nyando, experience narrow margins in a highly variable and unpredictable environment due to erratic rainfall, lack of market information, time-consuming and seemingly non-negotiable working tasks like the collection of fuelwood and water, the washing of clothes and dishes, the minding of children and vegetable gardens as well as a determination to generate some (quick) cash income via the production of a certain amount of handicrafts aimed at the market. Consequently, without hearing them directly talking in terms of risk, we interpret that interviewed farmers practice a risk minimisation strategy. To illustrate this we mention a few considerations relating to water shortage; uncontrolled grazing; and uncertain markets: 
· why plant more seedlings or a second maize crop if the short rains in October and November will not come? 

· why plant tree seedlings in October and November if goats cannot be kept away during this time of the year in either enclosures or through herding at higher elevation levels as during the long rains from March until June? 
· why plant a cash crop if nobody will buy it?

The cash crop chain: producing, processing, marketing and selling products
The main question: what do I need to start the business and how can I sell the product?

Our main ontological insight about subsistence farming that is food secure is that those farmers are more actively seeking ways of diversification in pursuit of income opportunities. In such a setting you may make investments even if the outcome is unpredictable.

Agent opportunities – agency oriented subsistence farmers

With higher food and livelihood security you can afford some risk taking. Consequently, your preparedness and willingness to take risks increase with livelihood security as seen in our examples including Jemima, Douglas and James in lower, middle and upper Yala. But like in any other profession some subsistence farmers are entrepreneurial and therefore diversify to initiate small business like William in upper Yala, while others need encouragement and support from relatives or significant others like in the case of Douglas in middle Yala.

Given an external initiative, some subsistence farmers with larger margins are willing to take a certain degree of risk for venturing into an investment of some kind as illustrated in the following four examples: a farmer’s brother suggests new agroforestry initiatives and sends advice and money to finance it; when an organisation like ICRAF offers opportunities for agroforestry then farming friends and neighbours are ready to join the project in collective action; a benefactor provides financial means for completing an irrigation system that is already partly in place; a disease like HIV/Aids and the taking of anti-retroviral medicine encourage victims in the direction of healthy living including regular diets based on food from their diversification of agriculture into more fruits and vegetables. 

Concerning collective action for food secure subsistence farmers we have observed that farmers get together in groups to discuss and take action like pooling resources for investment purposes and for making use of idle resources. 
7. Suggesting pathways to a strengthened agroforestry
Justifying our research approach

There are important differences between research aimed at establishing a quantitative understanding of the potential to sequester carbon through agro-forestry and research aimed at identifying options for operationalising carbon sequestration through agro-forestry. The first kind of research usually takes the approach of statistical sampling in order to generate statistically significant findings on amount of sequestered carbon for different zones and to quantify uncertainties. The second kind of research needs to identify the best way of introducing and sustaining carbon sequestration activities through agro-forestry. This may be done in qualitative approaches with purposive sampling. This is what we have done.
Pathways to change

If we see the process of promoting a wider and more active adoption of agroforestry among subsistence farmers as an issue of diffusion of innovations, we could make use of the well known Hägerstrand model (Hägerstrand 1952; Hägerstrand 1965). According to this model, diffusion of innovations is a social learning process operating in networks of social communication. In Figure x we try to visualise a theoretical model of how innovations propagate. It is assumed that several such networks exist at different regional levels, such as local, regional and international. If the model is related to a subsistence context the following pattern of levels can be seen. At the local level farmers are involved in a network of social communications from individual to individual; the regional level network may comprise the government extension service or a company’s regional network of sales representatives for agricultural inputs; at the international level we see the emerging global carbon market as an important network under development. For effective diffusion of innovations there must be communication between the levels as well as within the levels. 
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Figure x. Schematic illustration of diffusion of innovations within and between three levels, international, regional and local.

Even if the aim of carbon sequestration through agroforestry is to achieve win-win situations there is an asymmetry in the relationship between the two wins. This asymmetry stems from a difference in objectives at different levels as well as unequal distribution of knowledge and decision-making power to enforce ones objectives. (Tschakert and Olsson 2005)
The main objective at the global level is to facilitate the reduction of CO2 emissions in a cost effective way, i.e. a global public good. In order to maintain the credibility of the system, another important aim is make sure that the commitments in terms of amount of carbon sequestered are kept. The local level, at the opposite end, has a completely different aim of improving livelihoods here and now, i.e. local private goods. The means at the local level for ensuring that their objectives are met are usually nonexistent. The intermediate level has the role to reconcile the two aims and ensure a fair balance between the opposite ends. Consequently, in the context of this research, how can agroforestry be promoted most effectively? Is it through a strengthening of the extension services at the intermediate or is it through the creation of stronger local individual-to-individual contacts and communication?

We see two main approaches, targeted at different categories of households, for increasing the chances of a more widely integrated agroforestry in subsistence farming: 
· the actor-oriented approach, where agroforestry is seen as a business opportunity and mainly targeted at opportunity seekers;

· the system-oriented approach where agroforestry needs to be closely integrated with the subsistence livelihood, targeted at the structurally restricted farmers.
Actor-oriented approaches

In this context it is useful to introduce the concepts of push and pull strategies for enhancing the diffusion of agroforestry (Kremer and Glennerster 2004; Grabowski 2005). We argue that with opportunity seekers the best approach is to apply both push and pull strategies in order to promote the diffusion of agroforestry. Push strategies imply that you stimulate the uptake of agroforestry by providing the necessary input requirements, such as information, seeds or seedlings, while pull strategies imply that you stimulate the production of trees by creating a market for the final products, such as timber, wood carvings, fruits, medicinal products etc. 

In our empirical material, the most typical example where push and pull strategies may be effective is the case of William in upper Yala. His production of seedlings was not just aimed at his own needs but it had become a very important business. We can also see that the business was linked to other entrepreneurial actors, like Dickson the local seed collector. We argue that the creation of a market for the final timber and non-timber products would have further enhanced both of their business aspirations. 

If you can extend the chain, backward and/or forward, to include other actors who see the business opportunities in agroforestry, then you can create a network of reinforcing loops where income can be generated based on the existence of trees including everything from collecting seeds to eventually utilising the mature timber and non-timber products, Figure x.
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Figure 3. Three reinforcing loops of business opportunities related to agroforestry. 

Using the concept of diffusion of innovations and the networks of social communication in Figure x, we can imagine how such a chain of reinforcing loops may operate within the local network. Particularly the introduction of value-added products will also serve to make linkages between the levels, from the local to the regional or even international levels.

Structure-oriented approaches, agroforestry, fuelwood, cooking and health

For structurally restricted farmers, agroforestry need to be approached in a different way. Here the main purpose should be to reduce the risk and increase the security of the livelihood.  Planting trees is seen as an activity that may compete with other activities for resources and assets.  It implies that agroforestry need to be much more closely integrated into subsistence livelihood, and primarily related to the provision of food and concerns about health. The obvious link between their livelihood and agroforestry is domestic energy use. Table 1 shows that in the poorest areas only about 10 percent of interviewees in the household survey had enough fuelwood for their own consumption. All our informants, except in Nyahururu, were at least partly dependant on buying fuelwood at usually very high price. A great majority were cooking over open fire using the simplest device, the three stones. Some had access to improved stoves but for various reasons they were not always used.
It is well known that improved stoves reduce fuel consumption substantially, usually well over 50 percent. A very successful example from western Sudan proved even more successful as seen in Table 2. 

Table 2. Fuelwood consumption before and after adopting improved stoves in a pilot project in Kordofan Province, The Sudan.

	
	Before
	After

	> 3 bundles
	60%
	0%

	3 bundles
	26%
	0%

	2 bundles
	10%
	0%

	1 bundle
	3%
	41%

	< 1 bundle
	0%
	59%


Source: (Dougherty 2001)
Cooking on improved stoves is a process of carbon sequestration that is much more permament than planting trees. Once you have an improved stove consuming less fuel it is not likely, provided adequate support institutions are in place, that you will go back to traditional cooking with fuelwood on three stones. In the next section we propose an extension of agroforestry practices to also include other activities than planting trees but activities that potentially will have a very significant effect on the agroforestry farming systems.

8. Complementing agroforestry

If agroforestry is placed in a wider context of livelihoods and rural energy provision, we can illustrate the system in the form of a DPSIR scheme in figure 3. DPSIR is a theoretical framework for analysing environmental or other problems, based on five different types of characteristics where D stands for driving forces, P for pressure, S for state, I for impact, and R for responses (Tschakert and Olsson 2005).
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Figure 3. DPSIR formulation of agroforestry in the contect of rural energy.
The crux of the proposed extension is that it is directed towards the drivers of the problem. Numerous projects around the world are engaged in tree planting that in light of the DPSIR framework is suboptimal. As long as the drivers are unchanged, planting trees is to a certain extent futile. By combining tree planting with a reduction of the need to cut trees the effect can be substantially improved. Furthermore, by focusing on planting trees only, a number of positive synergies are not achieved. The acceptance of agro-forestry activities may also be improved if closely associated with the core of every household, namely the preparation of food (cooking) and health issues. It is well known that deterioration in health contributes to the perpetuation of poverty in many families. The most important synergies from introducing clean energy are:

· Health: Every year over 1.6 million people, mainly women and children, die of respiratory diseases from in-door air pollution, IAP, from cooking over open fire (WHO 2000; WHO 2002); when asked about smoke from cooking, respondents in our study agreed that smoke is a real problem that they would like to avoid if smoke free stoves were available.

· Social: less time needed for the collection of wood fuel leading to increasing opportunities for children and youth to attend school and for women to attend to more productive tasks or experience more leisure time.

· Environmental: less demand for wood resulting in decreased deforestation which leads to improved vegetation status and biodiversity; improved vegetation status reducing the vulnerability to extreme climate events, such as floods; improved vegetation status leading to increased sequestration of carbon in ecosystems; increased fuel efficiency leading to reduced emissions of green house gases, both carbon dioxide and methane.

· Economic: less time needed for the collection of wood fuel leading to more time for other tasks – especially for women because of the gender coding of certain work tasks – such as tending to agriculture and creating new income opportunities; in cases where crop residues or animal dung is used, there will be increased crop yields since these products can be used for fertilisation of the fields.

A simple back-of-the-envelope-calculation shows that the introduction and adoption of improved stoves have the potential to contribute significantly to carbon sequestration in form of biomass left un-combusted in the ecosystem due to increased fuel efficiency. In the Nyando river basin the potential is about 350 000 tons of carbon over the five year, compared to the target set by the project of 180 000 tons of carbon. 

Table 3. Calculation of the potential carbon sequestration gains by introducing improved stoves in the Nyando River Basin.

	Fuelwood consumption (ton/capita/year) a
	0.55

	Total pop in Nyando
	746 515

	Wood consumption (tons/year)
	408 717

	Carbon consumption (tons/year)
	192 097

	Potential carbon saving (60%, 60%) ton/yearb
	69 155

	Potential carbon saving 2005-2009 (ton)
	345 775


a) based on several different estimates in Africa (Benjaminsen 1993; Benjaminsen 1997; Delali B.K., Dovie et al. 2004)
b) This is based on the assumption that improved stoves reduce fuel wood consumption by 60 percent, and that 60 percent of the households switch from the traditional ‘three stones stove’ to the improved stove.
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