Soil Conservation Science, Agricultural Practice and Food Security in Lake Victoria Basin, Western Kenya:  An STS Study of Sustainable Development
 
A Dissertation Proposal

Marie Rarieya

Department of Science and Technology Studies
Rensselaer Polytechnic Institute

Spring 2005
CONTENTS

1PROJECT SUMMARY


21.
OVERVIEW


51.1.
Key Outputs of This Study


51.1.1.
Intellectual Merits


61.1.2.
Broad Impact of This Study


71.2.
Prior Work and Related Studies


82.
BACKGROUND AND SIGNIFICANCE


82.1.
The Study Area:  Kenya’s Lake Victoria Basin


122.2.
Environmental Degradation and Food Security in Kenya


32.3.
Transnational Themes in Environment and Sustainable Development


42.3.1.
Links between Land Degradation, Soil Conservation and Social Concerns


72.3.1.1.
Potentials for Interaction between Scientific and Local Knowledge Practices


82.3.2.
Contemporary Interest and Research on Poverty and Food Security


112.3.3.
Contemporary Interest and Research on Human Dimensions of Climate Change


122.3.4.
The United Nations Millennium Project


133.
PRIMARY LITERATURE REVIEW


174.
RESEARCH METHODOLOGY AND PLAN OF WORK


174.1.
Conceptual Framework


214.2.
Research Questions and Analytical Goals


224.3.
Study Components


224.3.1.
Data Collection and Ethnographic Research


234.3.2.
Research Sites and Interviews


234.3.2.1.
Agricultural Research Organization


244.3.2.2.
Communities and Households in Western Kenya


254.3.3.
Data Analysis


264.3.4.
Research Ethics


265.
TIMELINE


286.
DISSEMINATION AND IMPACT


297.
CHAPTER PLAN


308.
CHAPTER SUMMARIES





PROJECT SUMMARY 


This study will investigate whether or not the production and circulation of soil conservation knowledge by scientists can help build food security in Western Kenya by improving farmers' implementation of practices that will support sustainable agriculture, even as the area is made increasing vulnerable as a result of climate change.  This study will identify the social, cultural, economic, and political dimensions of scientific and technological initiatives intended to promote food security and sustainable development. This study examines the argument that it is important to build the capacity of farmers to adopt conservation knowledge to mitigate the negative relation between environment change and food production. 


Four major research questions are raised in this study. 1) what forces shape how agricultural scientists develop and deliver soil conservation knowledge? 2) what are the dynamics of information flow between agricultural research organizations and households today, and how does this differs from earlier historical periods (since Kenya’s independene in 1963)?  3) what forces shape the way households access and implement conservation knowledge? 4) how can empirical understandings of the production and circulation of soil conservation knowledge direct policy at local, national and international levels?  The study area will be the Lake Victoria Basin (LVB) of Western Kenya, an area which is experiencing severe degradation of its natural resources base (soils, vegetation and water) due to population growth, human activities, poverty and climate change.  Degradation of the natural resource base in the LVB is directly undermining food security, and will exacerbate the vulnerability of its inhabitants to future climate change.

This research will take nine months beginning June 2005 and ending February 2006, and will revolve around ethnographic interviews of two types: at the household level in two farming communities, and within agricultural research organizations working to produce and circulate conservation knowledge.  Supplementary data will come from archival sources, such as the Kenya Meteorology department, the Ministry of Agriculture and Rural Development and others. Data analysis will support the study’s primary research objective: to gain insights into factors that influence the production and circulation of soil conservation technologies.  
This study will result in theoretically informed, empirically grounded understanding of how scientific knowledge has developed and contributed to agricultural productivity and food security.  Contemporary concern about climate change is an important aspect of the historical context of the study.  It has the potential for broad impact because it can inform both scientific practice and agricultural policy in the future. Concretely, in the near term, it can contribute to the United Nation’s Millennial Development Goals by promoting sustainable agriculture.   

1. OVERVIEW


Lake Victoria Basin (LVB) of Western Kenya is experiencing severe degradation of the natural resources base (soils, vegetation and water) due to population growth, human activities, poverty and climate change.  Agricultural production is low and is declining in most parts of the LVB region. Increasingly, degradation of the natural resource base in the LVB is directly undermining food security, and will exacerbate the vulnerability of its inhabitants to future climate change. Improving the natural resources base upon which the agricultural economy depends remains core to development aims of improving the livelihood and wellbeing
 of Lake Basin inhabitants. In particular, integrating new and improved land management practices for mitigating land degradation and food production into local management practices is critical for sustainability. However, although research has devised many improved conservation innovations, adoption rates of these innovations are low.


This study will respond to this problem by examining whether or not the production and circulation of soil conservation knowledge by scientists can help build food security in Western Kenya by improving farmers' implementation of practices that will support sustainable agriculture, potentially improving food security even as the area is made increasingly vulnerable as a result of climate change.    In particular, the study seeks to examine the extent to which farmers have adopted soil conservation technologies for improving land productivity and achieving environmental protection, factors affecting adoption of these technologies, and the role of the public and private research organizations in this process. 
This study will investigate the social, cultural, economic, and political dimensions of scientific and technological initiatives intended to promote food security and sustainable development.   This study tests two arguments: 1) Improving land and natural resource management practices on which agriculture depend is imperative for improving food production and human wellbeing in sub-Saharan Africa, and the Lake Victoria Basin in particular. 2) Smallholder farmers are key components of the agricultural production process, and increasing their capacity to implement conservation knowledge is a key component of food security.  

The study focuses on Lake Victoria Basin (LVB) of Western Kenya for the following reasons. First, the economy of the LVB is strongly based on natural resources: agriculture, pastoralism, and fishing. Second, many households in the LVB remain vulnerable as a result of “double exposure” to land degradation and climate variability that continues to undermine agricultural production. Third, despite the high potential of agricultural sciences, particularly agricultural conservation innovations, food production has been declining in the past four decades. Fourth, relatively, few studies have explicitly examined the production, circulation, and adoption of agroforestry innovations for improving soil fertility. Agroforestry techniques that are now available have particular relevance in the LVB because they can improve food production in a sustainable way through contributing to soil fertility replenishment (Pedro et al.,1997; WEHAB, 2002). 

Agroforestry is a specific conservation intervention being promoted by the World Agroforestry Centre (ICRAF) 
 and national agricultural research organizations in Kenya. The term agroforestry as a science and a practice is defined as “a dynamic, ecologically based, natural resources management system that diversifies and sustains production of trees on farms and in the agricultural landscape, diversifies and sustains production for increased social, economic and environmental benefit for land users at all levels” (Leakey, 1996:5). Evidence show that agroforestry techniques, particularly water management and soil fertility techniques can enhance productivity while reduce soil erosion and enhancing water infiltration (Mungai et al., 2004; Pedro et al.,1997; WEHAB, 2002). According to Hecht and Cockburn (1990), agroforestry is one of the most notable sustainable agro-ecological technologies,  yet relatively little is in evidence. In Kenya, for example, few studies have explicitly examined the production, circulation and adoption of agroforestry innovations. In fact, some development scholars argue that “research institutions cannot rest on their laurels, having merely demonstrated that agroforestry has real potential. Instead, they must develop and implement strategies to ensure that millions of low-income farm families worldwide can capture the benefits of agroforestry.”
 In particular, this study focuses on promising soil conservation agroforestry technologies such as improved fallows and biomass transfer that address the challenges of food security and environmental degradation. The transfer and adoption of such technologies has been limited to date.

Focusing specifically on agroforestry techniques, this study aims to identify and analyze: 

1. forces that shape how agricultural scientists develop and deliver soil conservation knowledge and integrate understanding of vulnerabilities likely to result from climate change into local practices
2. factors that shape information flow between agricultural research organizations and extension in different historical periods

3. factors that shape how households access and implement soil conservation knowledge

4. policy implications of improved understanding of the production and circulation of conservation knowledge


I plan to pursue these study objectives drawing on a theoretical framework based on Foucault’s theories of power, knowledge and discourse (Foucault, 1980; 1994). I use Foucaultian framework to understand how discourses about agricultural research organizations create knowledge, define sets of innovations and practices and facilitate their implementation.   I will build on the work of science and technology studies (STS) scholars who have analyzed “development” through a Foucaultian framework and also on STS scholarship on agricultural research and practice: Ferguson (1990), Escobar (1995), Gupta (1998), Fischer (2003), Shrum (2000), Shiva (1989), and Fortun (2001a) (2001) (refer to section 3).  I will also draw on the work of scholars from many other disciplines who have studied the Lake Victoria region: Barret et al (2002), Place (2002), Sanchez (2002; 2004), Franzel et al., (2001), Shepherd et al (2000),  Swallow et al (2003), Swallow and Wangila (2002), Swallow and Mungai (2002), Denning (2001), and others (refer to section 2 and 3).

This study is oriented by three core concepts.  First, I use Foucault’s conception of power/knowledge to analyze the many powerful influences that shape how scientific knowledge is produced, legitimated and used.  Drawing on Foucault, I also develop the concept of agrocomplexity for analyzing the complexity in conservation information circulation, where intersections of people, discourses, technologies and environmental conditions together result in food security (or lack of food security). As a conceptual framework, agrocomplexity captures the scope and complexity of interactions of factors (social, economic, cultural, institutional, and environmental) that underpin the production, circulation and implementation of soil conservation knowledge as illustrated in figure 1 below (see section 4.1). Third, I use the concept of “fit” to refer to appropriate packages of practices and technologies that have been or need to be identified and extended for adoption at farm and community level. I want to explore how the concept of fit as an analytical tool can shape science and policy decision-making process (see section 4.1).

This study will be conducted in the Lake Victoria basin of Western Kenya. Data will come from both primary (interviews) and secondary (non-interview) sources. This research will take 9 months, beginning June 2005 and ending in February 2006, and will revolve around ethnographic interviews of two types: at the household level in two farming communities and within agricultural research organizations working to produce and circulate conservation knowledge; and at which experts can provide comparative perspective on the production of scientific knowledge, food security, and climate change. Supplementary data (on rainfall) will be retrieved from archival documents from the Kenya Meteorological department. 

The study of farmers will have multiple comparative dimensions: between districts (Siaya and Vihiga), between (ethnic) communities within districts, and between households within a community. At household level, various structures (emergent from asset-base, gender, education level, land size, household size, and others) in two different ethnic communities will be studied. Data analysis will be based on the hierarchy of questions which links the primary aims of the study to empirical themes as outlined in the research and analytical goals section (see section 4.2).
1.1. Key Outputs of This Study
1.1.1.      Intellectual Merits 


There are several literatures to which this study will contribute and by which it is informed. First, this study will contribute to the sociology of scientific knowledge, and particularly the literature on the agricultural sciences, to anthropological studies of “development,” to environmental studies, and to African studies.  This study will also extend work already in progress on soil conservation by local environmentalists and agricultural research organizations in Kenya. In soil conservation sciences, it will contribute by identifying priority actions needed to promote the adoption of specific soil conservation technologies at households and community levels.


Second, this study will draw on and contribute to anthropology of “development.”  In fact, no thorough empirical research themes have been undertaken in Kenya based on Foucault’s conception of the many determinants of “power/knowledge” and their historical and institutional context. The power/knowledge concept is a powerful analytical framework that can be used to conceptualize development discourses. For example, through a power/knowledge framework, this study seeks to gain an understanding of how gender and wealth status (unequal position) affects conservation knowledge production and circulation. How do factors such as ethnicity, land tenure, gender and household configuration (i.e. male/female/child headed households) influence information flow or decision making processes?


Third, this study will contribute to better understandings of the human dimensions of climate change, particularly regarding capacity building of local communities to mitigate negative effects of environmental degradation. Capacity building of local communities through strengthening information circulation is important. Scholarship reveals that despite the high potential of science and technology for improving sustainability of environment and food production, their transfer and adoption has been limited to date. This study will sharpen understanding of why the transfer and adoption of technological innovations and good practices are so difficult. Africa and the LVB in particular, will be important sites of global climate change in the future, with massive consequences for an already vulnerable local population. This study promises to provide important models of initiatives to respond to environmental threats and food security at multiple scales. Through continued observation of the Lake basin, we are likely to learn about the multiple levels of initiatives that are necessary to mitigate and respond to climate change around the world.
1.1.2.   Broad Impact of This Study  


The important roles that science and technology play in advancing socioeconomic development goals of any country are fully recognized (Escobar, 1995; Kleinman, 1995; Smith and Marx, 1994). Some scholars argue that in the 19th and 20th centuries “no country has developed without paying attention to agriculture.”
 Similarly today, we look to agricultural research to provide solutions for improving food production and economic development. Many development efforts highlighted in the subsequent sections are indicative of national and international communities’ commitment to redressing environmental crisis and food security concerns through science and technology interventions. For example, the United Nations Millennium Development Goals provide a broad framework for understanding national development strategies and international support, setting targets for poverty eradication and improvements in health, education, gender equality, environment and other aspects of human livelihood.  This relatively new UN program recognizes the benefits of science and technology for achieving development goals in Sub-Saharan African countries (Sanchez et al., 2004). In the same vein, ICRAF’s agroforestry soil conservation practices are well grounded on science and technology. It is, therefore, of great practical importance to better understand how scientific knowledge actually informs development practice.

This study has the potential for broad impact because it can inform both scientific practice and agricultural policy in the future.  It will contribute to the understanding of forces that shape scientific conservation knowledge use and adoption by identifying the factors that determine whether a certain technology will be accepted or rejected. Concretely, in the near term, it can contribute to achieving the United Nation’s Millennial Development Goals by promoting sustainable agriculture and improving human livelihood.     
1.2. Prior Work and Related Studies


This study builds on my personal background and professional experience working over ten years under two different agricultural research organizations, the International Livestock Centre for Africa (now ILRI) and the International Centre for Research in Agroforestry (ICRAF), now the World Agroforestry Centre, both based in Nairobi, Kenya.  In these two organizations, I was in the Biometrics department where my responsibilities involved data management and analysis using statistical packages for social sciences. Given my background, I have links to national and international agricultural research organizations, universities and non-governmental organizations based in Kenya and the LVB in particular. I have developed contact with Frank Place of the World Agoforetsry Centre, who is one of the lead scientist in the Lake Victoria Basin project where  I will be conducting my field research.  Most recently, I have developed contact with Dr. Cheryl Palm and Dr. Pedro Sanchez, who is leading the Millennium Development Project in Kenya.  I will be working closely with these scientists during my field research.  As a Kenyan national, I speak both the national Language (Kiswahili) and one of the local dialects necessary for conducting ethnographic interviews with key informants. 

My PhD work in Science and Technology Studies (STS) has prepared me to conduct fieldwork and archival studies, for data analysis informed by a broad range of social theories, and for involvement in policy development.  In summer of 2003, I conducted preliminary interviews with senior government officials from the Ministry of Agriculture and Rural Development, agricultural extension officers, ICRAF senior scientists involved in agricultural research in the Lake Basin, and farmers from Western Kenya. The findings from this study were presented at the Society for Social Studies of Sciences (4S) conference in October 2003.
  This study also builds on the International Human Dimensions Programme on Climate Change (IHDP) scientific workshop that I attended in August 23 – November 8, Costa-Rica.  Recently, I submitted a paper titled Responding to Environmental Threats and Food Insecurity in Lake Victoria Basin, Western Kenya: Local and Regional Initiatives which has been accepted for publication in the IHDP Update Newsletter, April, 2005 edition. In February, I also submitted a paper summarizing a session on “Science Policy Forum” which was held on November 5, 2004 at the Inter-American Institute for Global Change in San Jose, Costa Rica. These papers capture major themes in the study component, especially concerns of science-policy interface and information circulation gap in particular.
2. BACKGROUND AND SIGNIFICANCE

2.1. The Study Area:  Kenya’s Lake Victoria Basin


Lake Victoria (LV), the second largest fresh water lake in the World and Africa’s largest fresh water lake, is of great economic and environmental importance in the eastern and central region of Africa (Shepherd et al., 2000; Swallow et al., 2003).  The Lake basin covers an area of 184, 200 km2 of Kenya, Tanzania, Uganda, Rwanda and Burundi, and supports one of the densest and poorest rural populations in the world (Swallow et al., 2003), with densities up to 1200 persons per square kilometer in parts of Kenya (Hoekstar and Corbett, 1995, cited in Shepherd et al., 2000:1). The economy of the LVB is strongly based on natural resources: agriculture, pastoralism, and fishing. Approximately 28 million people in the lake basin rely primarily on subsistence agriculture for their livelihood. 
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Source: World Agroforestry Centre (Swallow et al., 2003)
However, the Lake is under threat. Many households in the LVB remain vulnerable as a result of “double exposure” to land degradation and climate variability that continues to undermine agricultural production. The term “double exposure” refers to the way communities identified as vulnerable to the negative impacts of global economic change also tend to be those that are likely to be highly venerable to climate change (O'Brien and Leichenko, 2000). Over the last 40-50 years, the lake and its basin have undergone enormous environmental changes linked to a number of interrelated problems such as demographic dynamics, poverty, land degradation, declining agricultural productivity (Geheb and Binns, 1997; Shepherd et al., 2000), and climate variability (Lamb, 1966). 

The burgeoning population poses a challenge to the consumption of natural resources. The 1948 Kenyan population was estimated at 5.7 million inhabitants (Lury 1969, cited in Shepherd et al., 2000:1). The current population is estimated at 30.4 million in 2001 with an estimated increase at 2.4% per annum up from an estimated 26.5 million in 1997 when it grew at 3.1% (GoK, 2002). According to Shepherd et al. (2000), this means that the population of Kenya has doubled approximately 3.3 times in time required for the lake water in Lake Victoria to turn over once. Kenya’s population growth despite the HIV/AIDS pandemic and other disease remains among the highest in the world (Shepherd et al., 2000). Scholarship reveals that high population increase and urbanization has led to consumption of natural resources and generation of substantial wastes (GoK, 2002:120). Most local authorities have been unable to deal with collection, treatment and disposal of waste due to financial constraints and inadequate capacity (GoK, 2002). Thus the scarcity and quality of drinking water in urban centers has intensified over the years. The quality of available water is of major concern in urban centers (GoK, 2002:126), and especially the lake basins region.

Another challenge is accelerated soil erosion and nutrient run-off, urban and rural pollution, and atmospheric deposition that continue to threaten sustainable use of the land resources  (Barret et al., 2002; Swallow and Wangila, 2002). Since the 1960s, Lake Victoria has experienced large increases in nutrient loads and high sediment inputs associated with human-induced activities and El Nino events (Mungai et al., 2004; Swallow and Wangila, 2002). As a result, sustainability of fishing industry upon which many inhabitants depend on for their livelihood is now threatened. The lake produces 170,000 metric tons of fish each year, with thousands of lake shore inhabitants employed in fishing and processing industry (Shepherd et al., 2000:2). Though harvesting of Nile Perch (Lates Niloticus) generates US$ 100 million of foreign exchange, studies show that sustainability of fishery is now threatened by over-fishing, pollution, and ecological instability resulting from the introduction of Nile Perch (Geheb and Binns, 1997; Shepherd et al., 2000; Walsh and Shepherd, 2000). These scholars underscore that the introduction of Nile Perch in 1950 has negatively impacted the diversity of fish community in the lake. There has been a remarkable decline in fish species through Nile Perch predation,  intensive fishing and ecological niche competition for limited resources (Geheb and Binns, 1997). In addition, the invasion of water hyacinth (Eichhornia crassipes) from River Kagera in Rwanda which began to colonize the Lake  in 1989 is threatening the diversity of aquatic plant and fish species (Shepherd et al., 2000:2).
 Consequently, there has been a drastic decline of 50-75% fish landing (Onganga and Munyrwa, 1998, cited in Shepherd et al., 2000:5). These environmental transformations undermine the LVB natural resource base upon which the countries economies ultimately depend.

The Western Kenyan part of the Lake Victoria Basin (LVB) contains one of the world’s largest concentrations of absolute poverty and high population densities, with densities of about 220 persons per kilometer across the region (Barret et al., 2002; Swallow and Wangila, 2002). This area is inhabited by two ethnic groups, the Luos and Luhyas occupying Siaya and Vihiga districts respectively (Geheb and Binns, 1997). Many households in the lake basin, primary rely on ‘tri-economy’ (fishing, farming and livestock keeping) for their livelihood (Geheb and Binns, 1997). But pervasive poverty has hindered sustainable use of the natural resources (Shepherd, 2000). This region is experiencing severe degradation of natural resource base (soil, vegetation, and water) which is directly undermining food security, and will exacerbate the vulnerability of its inhabitants to future climate change (Barret et al., 2002; Swallow et al., 2003). Agricultural production is low and is declining in most parts of the lake basin. (Shepherd et al., 2000; Swallow and Wangila, 2002; Swallow et al., 2003). In view of the pervasive poverty among farming communities in the basin, the use of inorganic fertilizer is limited (Shepherd et al., 2000). The effects of poverty in the area are acute and have implications for the short as well as the long term initiatives to increase agricultural production (Swallow and Wangila, 2002).  

The problems of land degradation and food insecurity in the Lake Victoria Basin of Western Kenya are complex and multi-dimensional, arising from soil erosion, deforestation, loss of biodiversity, inadequate conservation knowledge and weak extension among others (Abila, 2000). According to Shepherd et al. (2000),  moderate soil erosion in the order of 5-10 t ha-1 yr-1 is associated with substantial losses of soil nutrients that contribute to negative farm nitrogen, phosphorus and bad potassium balance (p, 3). In addition, scholarship on environmental degradation reveals that in the last 60 years, deforestation and agricultural activities are the major driving forces of land degradation that has led to reduction in soil fertility and increased soil erosion (Mungai et al., 2004).  In many parts of the LVB, farmers are cultivating steep hillside areas that contribute to the problems of sedimentation of the major rivers and ultimately the Lake Basin (Mungai et al., 2004; Shepherd et al., 2000). With loss of land cover, soil erosion is enhanced, which impacts soil physical properties such as texture and bulk density, significantly decreasing topsoil infiltration capacities. As a consequence, the lake basin is experiencing rapid deterioration of the lake water quality due to accelerated soil erosion and the effluent discharges from towns and industries (Swallow et al., 2003).


Problems with land degradation in the LVB are likely to be exacerbated in the future due to global and regional climate changes arising from changes in rainfall patterns, floods, droughts, and changes in temperatures. Recent studies show that land degradation problems in the LVB are compounded by El Nino/La Nina events that have worsened the situation (Mungai et al., 2004). El Nino effects, particularly floods in the region, are becoming more frequent and severe, resulting in accelerated degradation of soils (Kaluma and Ogola, 2003; Mungai et al., 2004). According to Mungai et al. (2004), rainfall records and anecdotal reports indicate that floods have become more frequent than they were 30-40 years ago. 


These problems are compounded by factors relating to quality and sources of information, incentives, culture, and land tenure that impact on agricultural production. According to Swallow and Wangila (2002), such problems have partly compounded and constrained the advancement of food production in the region thereby trapping people in poverty traps. Poverty traps are “prolonged bouts of poverty that arise from factors such us inaccessible markets, lack of credit…the poor are unable to accumulate resources for investment.”
  For example, Haidari Amani (2004) underlines the relationship between land tenure and the readiness and commitment of farmers to conservation, improvement and proper management of land and other resources. Amani argues that farmers with secure rights to land will make necessary improvements and take measures to conserve and maintain the fertility of the land, all of which will impact on production and productivity.

The Western Kenyan part of the Lake Victoria Basin (LVB) is chosen because it offers a unique opportunity to study environmental issues and food insecurity challenges at different scales: local, national, regional, and more generally (see also section 1 above).  There are the UN Millennial Development Project initiatives (refer to section 2.3.4 below), for example, and there is a region-wide consortium to improve the environment of the LVB involving multiple countries that border the Lake. The region-wide consortium, the Lake Victoria Environment Management Project (LVEMP) is a project funded by the World Bank (2000; 1996). The LVEMP was established in 1994 through the Tripartite Agreement signed on 5th Augusts 1994 by the Republic of Kenya, the United Republic of Tanzania and the Republic of Uganda (Mungai et al., 2004). The LVEMP plans and implements eight basic components: soil and water conservation, catchment afforestation, biodiversity and genetic resources conservation, capacity building, water hyacinth control, water quality management, fisheries research and management, and wetland management.
  Each of these components has particular relevance in LVB’s economic growth. For example, increasing the efficiency of water use and biodiversity preservation is important. This regional model represents an articulation and local government’s responses to the promotion of sustainable use of the natural resources of the Lake basin and its catchment. The model carries several implications for policy priorities and practices in support of food security and environmental protection regionally and more generally. This project helps local governments in East Africa devise strategies to strengthen their efforts to respond to environmental threats and sustainable development.

2.2. Environmental Degradation and Food Security in Kenya 

While there has been substantial research on persistently high rates of rural poverty, and declining agricultural productivity in sub-Saharan Africa (SSA), there has been far less research focusing on environmental degradation, which in turn leads to low land productivity (Denning, 2001; Barret et al., 2002). An overarching reason for declining agricultural productivity in SSA is that the natural resource base (soils, vegetation and water) on which agriculture depends is so depleted that advances brought about by the “Green Revolution” and biotechnology, efforts bear only a limited fruit (Barret et al., 2002).  Problems of natural resource base depletion in SSA are exacerbated by prolonged rural poverty and food insecurity (Pedro et al., 1997).

In Kenya, for example, agriculture plays a critical role in economic growth, generating one-quarter of gross domestic product (GDP), providing two-thirds of employment, and accounting for 70% of export earnings (Bradshaw, 1990; GoK, 2002). The concept of economic growth is deeply embedded in modern political culture of the global economy as key to meeting most important human needs, including alleviating poverty and protecting environment (Korten, 1995). In Kenya, agriculture has been positioned to play a key role in facilitating overall economic growth. In particular, agricultural development of the 60s and 70s placed emphasis on Green Revolution (GR) technologies and for a time during the 70s agricultural production was a success story (GoK, 2002).  The GR was exemplified in the 60s and 70s through development projects that saw the introduction of  hybridized high-yielding varieties of wheat, corn and rice that require the use of chemical fertilizer and pesticides (Altieri, 2001; Lansing, 1991:1; Shrum, 2000). Although Kenya achieved development targets in the first decade after independence (1963 to 1974), the subsequent three decades recorded dismal performance culminating in a negative 0.3 percent growth in GDP in 2000 (GoK, 2002). The decline in economic performance can be understood in the context of external shocks and internal challenges. Four faces are identifiable  as shown in Table 1:  Rapid growth face (1964-73),  an era of external shocks (1974-79) dominated by oil prices shock and coffee boom,  a period of stabilization and structural adjustment program (SAP) of the World Band and International Monetary Fund (IMF) in the1980s, and an era of liberalization and declining donor support 1990 to date (GoK, 2002:1).  

Table 1. Average Annual Growth Rate of Real GDP (%) (GoK, 2002)
	Sector
	1964-73
	1974-79
	1980-89
	1990-95
	1996-2000

	Agriculture
	4.6
	3.9
	3.3
	0.4
	1.1

	Manufacturing
	9.1
	10.0
	4.8
	3.0
	1.3

	Finance, Real Estate
	9.8
	12.4
	6.7
	6.6
	3.6

	Government Services
	16.9
	6.5
	4.9
	2.6
	1.0

	Private Household
	3.5
	14.5
	10.0
	10.3
	5.6

	Others
	-
	8.8
	7.7
	3.6
	2.3

	 (GDP)
	6.6
	5.2
	4.1
	2.5
	2.0



Table 1 shows that the agricultural sector suffered a decline from an average annual growth rate of real GDP from 4.6 % between 1964-1973 to 1.1 % (1996 – 2000)
.  This decline can be attributed to the drought experienced in the early 1980s, world recession and international debt crisis including the decline in donor support worsened the domestic economy (GoK, 2002).  Similarly, the production of food crops (especially maize, wheat and rice) has stagnated and occasionally dropped as illustrated in table 2 below.
Table 2: Food Crop production Trends-1992-2000 (GoK, 2002:26)
	
	Food Crop Production in Tonnes 

	
	1996
	1997
	1998
	1999
	2000

	Maize 
	2,200
	2,200
	2,400
	2,300
	2,300

	Wheat
	290
	227
	263
	190
	181

	Rice
	57
	55
	44
	65
	55

	Millet/Sorghum
	36
	35
	90
	110
	82


In the case of Millet/Sorghum, there has been a falling consumption arising from a change in eating habits (GoK, 2002). Primarily, Kenyans (both urban and rural) depend on one staple food crop, maize, since it replaced traditional crops such as millet and sorghum (Freeman, 1975; Mackenzie, 1998).  Moreover, Kenya’s agricultural development rely heavily on rain fed agriculture, this has led to frequent food shortages occasioned by crop failures when rains fail (GoK, 2002:35). Such heavy dependence on one crop (monoculture cropping) coupled with unreliable rainfall renders Kenyan growing population vulnerable to extreme climate changes.

The problems of agricultural production have been exacerbated by several other factors arising from unfavorable policies, unreliable rainfall, market liberalization, privatization, poor market structure, high cost of inputs,  inadequate use of appropriate technologies, limited access to credits, high cost of farm inputs including agricultural machinery, lack of land use policies, decreasing farm size (fragmented land), poor market information and lack of Early Warning System (EWS) (GoK, 2002:23-24).  These factors have both direct and indirect effect on agricultural production. For example, inaccessible markets and lack of credits which would help small scale farmers accumulate resources for investment, creates a situation where they remain trapped in poverty traps. In fact, farm inputs (e.g. fertilizer and improved seeds) usually are channeled to large-scale farmers engaged in export crops (Bradshaw, 1990:10).  Studies show that the Kenya government gives credit to large-scale farmers engaged in the production of export crops (especially coffee and tea) that provide national foreign exchange (Bradshaw, 1990:10). Most of the large scale farmers are fully commercialized: they produce crops for sale through formal marketing channels and they tend to adopt technological innovations, such as fertilizer and hybrid maize varieties rapidly (Freeman, 1975:24).  Regarding market access, studies show that in the case of maize production, only 10%-30% of Kenya’s maize production reaches formal market channels comprise a major challenge to maize industry (Freeman, 1975:25).  It is equally important to examine how market liberalization impacts on food production. Global economic changes such as trade and liberalization policies have brought about a shift from food crops production to export crops; and flood of food imports which have altered local business and diversity creating an opening for global corporations as the dominant economic force (Bradshaw, 1990). For Bradshaw, this practice has created monopoly control over the Kenya market, and has inflated prices artificially (p. 12). While some farmers may benefit from market liberalization by shifting to export crops, many others are threatened by competitions with imported goods. The Kenya government projects that the liberalized market systems will further dampen growth prospect (GoK, 2002:8).


Problems of environmental degradation and food insecurity are further compounded by Kenya’s burgeoning population as already mentioned above (see section 2.1). The demand created by population growth particularly in terms of natural resource base, health, education, and employment presents a major challenge (GoK, 2002). Because agriculture dominates Kenya’s economy, its growth is essential for the overall socio-economic development. However, today, farmers in Kenya confront environmental degradation in combination with acute declines in agricultural production as already mentioned above (Mungai et al., 2004; Swallow and Wangila, 2002; Swallow et al., 2002).

It is equally important to mention that a nation’s ability to solve problems (in this case environmental degradation and food insecurity) and sustain economic growth depends on good governance.
 Good governance is characterized by “efficiency, equity, transparence, accountability, integrity, civil engagement, participatory democracy and sustainability” (GoK, 2002:20). Government plays a vital role in ensuring clear policy formulation and implementation. However, present governance system in  local authorities is deficient in delivering services to the public as expected due to lack of transparency, accountability, poor civic leadership, accountability and lack of resources (GoK, 2002). With high levels of corruption that characterized Kenya in the 1990s, Swallow (Swallow, 2005:304) points out that many donors opted to direct resources through private and non-governmental organizations (NGOs) and to focus development efforts on particular regions.  However, the current government promises to address these issues.

This study will investigate how sustainability of the environment and sustainable agricultural development in Kenya require concerted effort and long term management of degraded soils and natural resources. Integrating trees in the agricultural landscape has great potentials. Development scholars underscore that attainment of food security is intrinsically linked with conservation of natural resource base (IFPRI, 1996). Sanchez (2002), for instance, argues that the most promising way to address the problems of soil degradation and food security is to support farmer adoption of improved agroforestry technologies. In this study, attainment of food security and environmental protection is intrinsically linked to building the capacity of farmers use and adopt improved conservation knowledge practices that have positive impact on environment while improving farm productivity and household incomes. In particular, integrating new and improved land management practices for mitigating land degradation deserve great attention. Sustainable production practices can improve agricultural productivity while conserving biodiversity, soil fertility and efficiency in water use (WEHAB, 2002:12).  However, interventions designed to protect the environment while improving agricultural productivity should go beyond “technical fixes” to address other factors such as political, social, institutional, investment in farmer learning, information flow and use that impact on technology adoption.
2.3. Transnational Themes in Environment and Sustainable Development

Environmental crisis and sustainable development are matters of continuing international concern (Breyman, 1993; Dably, 2002). 
In 1972, the United Nations Conference on Human Environment,
 the first “core environmental convention,” was held in Stockholm  (Flavin et al., 2002:176)). This was the first time that the relationship between economic development and environmental degradation was placed on the international agenda. One of the major issues called for in this conference was the need to protect and improve the environment for the benefit of all. One tangible conference outcome was the establishment of the United Nations Environment Programme (UNEP), which today continues to act as a global catalyst for activities related to environmental protection. 

In 1987, the United Nations Commission on Environment and Development (the Bruntland Commission) drew attention to environment and development concerns by calling    for “sustainable development that meets the needs of the present without compromising the ability of future generations to meet their needs."
 In June 1992, the United Nations held a Conference on Environment and Development (The Earth Summit) in Rio de Janeiro, Brazil where summit leaders met to discuss issues of environment and sustainable development that culminated in the political acceptance of Agenda 21 (Atkins and Bowler, 2001; Dably, 2002; Escobar, 1995:149; Flavin et al., 2002:26-27). Agenda 21 recognizes the importance of conservation and natural resources management. The governments signed the United Nations Framework Convention on Climate Change (UNFCCC), to take action on global climate change. Since then, a series of agreements committed to climate change have been signed, including the 1997 Kyoto Protocol, an international agreement aimed at reducing carbon dioxide (C02) emissions, the key greenhouse gas (Hannigan, 1995; Shapiro, 2003). In the face of growing poverty and increasing environmental degradation, in 2002, the Johannesburg World Summit on Sustainable Development set agendas for actions needed to fight poverty and protect the environment. 
  It is important to note that Kenya is party to the Kyoto Convention.  Kenya signed the Kyoto Protocol documents in 1992 and ratified in 1994.


These agreements may be viewed as watersheds in agricultural regulation and development. Issues in the Bruntland Reports on sustainability include but are not limited to: environmental--resource depletion and degradation, pollution and waste and socioeconomic--society and human condition (food security and hunger). In light of these concerns,  the Kenya government working together with researchers, development practitioners, policymakers and other stakeholders concerned with persistent poverty and food insecurity and declining agricultural productivity have began to redress the environmental problems and sustainable development concerns (Denning, 2001; GoK, 2001b; Barret et al., 2002). In the section that follows, I delineate contemporary initiatives to address these problems in Kenya. It is important to note that further development of my understanding of these concerns and materials outlined here will form distinct components of this study. 

2.3.1. Links between Land Degradation, Soil Conservation and Social Concerns


Land degradation—defined as “a reduction in the capability of the land to support a particular use” (Blaikie and Brookfield, 1987, in Watson et al., 1997, chapter 2), is a major problem in Africa. Recognized forms of land degradation include soil erosion, salinization, soil contamination, loss of soil organic matter, decline in nutrient levels, acidification, and loss of soil structure (Watson et al., 1997). These transformations are posing fundamental threats and undermining sustainable development, drawing the attention of a number of agricultural research organizations and development agencies.


In Kenya, issues of land degradation and soil conservation have garnered much attention with a number of development practitioners and stakeholders playing an important role (GoK, 2000, 2001b).  Environmental degradation are not just ecological issues, but also affect economic and social livelihood (GoK, 2002). Recognizing the need to protect and conserve local biodiversity is marked by the works of Kenyan environmentalists, the Kenya government, and international community.  Environmentalist, Professor Wangari Mathai, is renowned for launching Kenya's Green Belt Movement (GBM) in 1977. 
  GBM is a grassroots non-governmental organization (NGO) based in Kenya that focuses on environmental conservation, community development and capacity building.  Movements such as the GBM can help shape national environmental issues by stimulating broader public participation in activities aimed to save the environment and its inhabitants  (Breyman, 1993).  As Breyman highlights, “environmentalists battle much of what is wrong with our world and its societies: pollution and environment degradation, human rights abuses, poverty, exploitation, greed, government arrogance, and corruption” (1993:125). For example, Wangari’s efforts to curb soil erosion and help the growing population become self-sustaining in energy use, water, and to create an income generating activity for rural communities is widely acknowledged locally, regionally and internationally. Though in the 1980s and early 1990s, when Kenya was a one party state, Wangari faced oppressive political system due to her campaigns for democracy, human rights and environmental conservation.
 Since Kenya’s multiparty democracy in 1992, political climate has changed. In December 2002, Prof. Wangari was elected to Kenya’s parliament and in  2003, President Mwai Kibaki appointed her as the Assistant Minister for Environment and Natural Resources in Kenya’s. 
   In 2004, Prof Wangari was awarded the Nobel Peace Prize for her work in environmental conservation and community empowerment over the past 30 years. 

In addition, a number of agricultural research organizations involved in development processes have forged strategic partnership with national and international research programmes, government ministries and development practitioners in the LVB area. In particular, novel strategies such as agroforestry, developed by World Agroforestry Centre (ICRAF), have laid emphasis on soil fertility management (Franzel, and Scherr, 2002; Place et al., 2002). ICRAF has developed promising soil conservation technologies, notably improved fallows and biomass transfer that address the challenges of food security and environment.  An improved fallow is a technique in which a fallow species (such as nitrogen fixing plants) are planted in a field and left fallow for at least a season, normally during the short rains, and then crops introduced during the long rains. While in biomass transfer, organic nutrient sources are grown in one location and then transferred (incorporate leaves into the soil at planting) to crops in another location (ICRAF, 2003b). The transfer of such technologies has been limited to date.

In July 1999, a project entitled “Improved Land Management in the Lake Victoria Basin” was launched by ICRAF with support from Swedish International Development Agency (SIDA), and its collaborators in the region, the Kenya Forestry Institute (KEFRI), the Kenya Agricultural Research Institute (KARI), the Kenya Ministry of Agriculture and Rural Development (MoARD) within the National Agriculture and Livestock Extension Programme (NALEP) (Mungai et al., 2004; Shepherd et al., 2000; Swallow et al., 2002). Key activities of this project include identification of natural resources and biodiversity knowledge gaps,
 formulation of institutions and policies to respond to these threats, identification of technological innovations to mitigate negative effects of environmental degradation, and recognition of the local communities as legitimate custodians of natural resource base (soils, vegetation and water). ICRAF has been evaluating agroforestry technologies at a multiple-scale (plot, farm, catchment and river basin levels) for their acceptability; uptake and sustainability at community level (Swallow et al., 2002). 

Despite the high potentials of agroforestry technological innovation to improve sustainability of environment and agriculture, their transfer and adoption by farmers has been limited to date (Swallow and Wangila, 2002). Furthermore, few studies have explicitly examined the production, circulation and adoption of agroforestry innovations (Denning, 2001). In fact, some development scholars argue that “research institutions cannot rest on their laurels, having merely demonstrated that agroforestry has real potential. Instead, they must develop and implement strategies to ensure that millions of low-income farm families worldwide can capture the benefits of agroforestry” (Denning, 2001:408).  According to Denning (2001), farmers need to exploit and integrate into their traditional farming systems the wide range of new and improved soil conservation innovations that are in favor of advancing environmentally sustainable agricultural production. Given the importance of these technologies for enhancing agricultural production, of a particular compelling challenge for researchers and policy makers is how to make full use of existing conservation knowledge to meet the MDGs development targets and national development goals. In an interview I conducted in summer of 2003, Qureish Noordin, a development facilitator with World Agroforestry Centre in the Lake region, underscores “the need for the formation of the Consortium for scaling up technology options as an initiative aimed at increasing farm productivity in Western Kenya. He said, “It is timely endeavor if we are to make the impact at farm level and be able to get farmers out of poverty.” 
 (Noordin, recorded interview, July 30, 2003). To address knowledge gaps in the region, Noordin disclosed that a consortium composed of social scientists and development partners was launched in January 2001. This initiative is part of the Lake basin development strategies aimed at addressing the development concerns in the region.

2.3.1.1. Potentials for Interaction between Scientific and Local Knowledge Practices

Of similar importance and often overlooked in natural resources management is the way local communities manage their natural resources and sustain them over time (Hecht and Cockburn, 1990). This viewpoint is shared by several development scholars (Chambers et al., 1989; Franzel et al.,2001; Mackenzie, 1998; Rocheleau et al., 1989). For example, Rocheleau et al. (1989:14-15) point out that scientific community and development agencies have not invented agroforestry; this is merely a new word used to describe age-old land use practice familiar to millions of farmers and herders in many parts of the world. Similarly, Franzel et al. (2001) highlight that farmers’ indigenous knowledge play a important role in shaping tree domestication. In recent years, it has become clear for the scientific community and development workers to integrate local  and scientific knowledge in order to increase the adoption of these innovations (Chambers et al.,1989; Rocheleau et al., 1989; Sillitoe, 1998). As Paul Sillitoe (1998) writes:

It is now recognized that research in less developed countries is not just a question of coming up with technological fixes to others’ problems, passing along scientifically validated information for them to adopt. It is increasing acknowledged beyond anthropology that other people have their own effective “science” and resource use practices and that to assist them we need to understand something about their knowledge and management system (p. 223).
Empirical evidence confirms that in Kenya, a range of conservation interventions have benefited from integrating local knowledge and formal science. For example, smallholder farmers in central Kenya found that by extending the time that Calliandra calothysus seeds were soaked increases germination (Franzel et al., 2001:530). This knowledge was fed back to researchers and extensions workers now recommend the longer soaking time (Franzel et al., 2001). ICRAF scientists have also shown that farmers’ knowledge of erosion process provide similar results to those from scientific simulation (ICRAF, 2003a). For instance, when interviewed about the causes and consequences of soil erosion at plot level, farmers gave well-articulated answers such as deforestation leads to water flow (ICRAF, 2003a). In a similar vein, technology tools such as remote sensing, geographical information system (GIS), and spectral reflectors have been applied in the LVB to assess land degradation concerns. Given this backdrop, a prerequisite for scientific and local knowledge exchange require the recognition of the mutual benefits of both knowledge claims. Presently, a number of models for integrating local and scientific knowledge have began to surface (Breyman, 1993). Participatory methods  are designed to empower local communities through the integration of scientific  and local knowledge (Breyman, 1993; Chambers et al., 1989; Fischer, 2000). In Western Kenya, through a Participatory Learning Action Research (PLAR), local community groups collaborating with scientist and extensionists to drive their own development processes by identifying, implementing and evaluating their own development initiatives (Noordin et al., 2001). Noordin and his colleagues assert that this approach aims to empower local community and to give them a sense of ownership. However, some scholars warn that both local and scientific knowledge have their limits (Peters, 2002). Peters argue that there is no best solution for all times, but to recognize that multiple situations require multiple answers (p. 35).
2.3.2. Contemporary Interest and Research on Poverty and Food Security

Problems of hunger, poverty and food insecurity remain one of the greatest challenges facing world leaders.
 While academic and political interest in food security has increased since the 1970s (Atkins and Bowler, 2001:154), no major progress has been made, with over 800 million of people going hungry in a world of plenty (Boucher, 1999).  To this end, in 1974, the World Food Conference (WFC) was held with a focus on poverty and food security concerns (Diaz-Bonilla and Robinson, 2001). At the WFC conference, 

governments examined the global problem of food production and consumption, and solemnly proclaimed that every man, woman and child has the inalienable right to be free from hunger and malnutrition in order to develop their physical and mental faculties. However, more than twenty years later the goal of eradicating hunger, food insecurity and malnutrition within a decade, as expressed by that Conference, has not been reached.

Since this conference, a number of major conferences have since been initiated. In 1987, problems of poverty and food security were featured in the Bruntland Report (1987). In 1994, the Food and Agriculture Organization of the United Nations launched its Special Programme for Food Security (SPFS), with the objective of helping food deficit countries. This programme focused on identifying constraints to production, and then find solutions based on simple technologies, a participatory approach and the involvement of women (Atkins and Bowler, 2001).  In 1996, FAO called the World Food Summit in response to concern about the capacity of agriculture to meet future food needs.
  The goal of the Summit was eradication of hunger, food insecurity and malnutrition. The 1996 World Food Summit summarized food security as existing “food security exists when all people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and healthy life” (p. 2).  To this end, various scholarships on poverty and food insecurity concerns have been advanced. For Sanchez et al. (1997), there are three main determinant for overcoming rural poverty and food insecurity in SSA. They are: a) reversing soil fertility depletion, b) intensifying and diversifying land use with high value products c) providing an enabling policy environment for smallholder farmers sector. Similarly, other scholars have conducted analyses of hunger and famine,
 through what they call “space of vulnerability” (Atkins and Bowler, 2001:123). According to Atkins and Bowler, hunger and famine are just subsets of poverty and the failure of economic development. They also hold that entitlement, political economy, and empowerment dimensions offer alternative perspectives to analyzing poverty and food insecurity concerns. Hunger and famine are viewed as the outcome of the increased poverty and vulnerability that accompany marginalization (Atkins and Bowler, 2001).
 While Amartya Sen  (1981) has examined famine through the dimension of entitlement and empowerment. Sen (1981) argues that famines are the result of a collapse of people’s ability to purchase or otherwise acquire food. 


In Kenya, the challenge to reduce poverty and achieve sustainable economic growth remains core to its development goals. In this regard, in June 2001, Kenya produced a Poverty Reduction Strategy Paper (PRSP) that outlines necessary measures for poverty reduction and economic growth (GoK, 2001b).  PRSP is a short term strategy and acts as an instrument to implement key national development policies such as the National Poverty Eradication Plan (NPEP) that proposes a 15 year timeline to fight poverty (GoK, 2001a). In this document, poverty is perceived as inadequacy of income, deprivation of basic needs and rights, and lack of access to productive assets as well as social infrastructure and markets. Poverty is invariably associated with inability to meet certain basic needs such as access to land, employment, food, housing, health and education (GoK, 2001a, 2001b). To date, Kenya’s average poverty levels exceed the 50% mark, with women constituting the majority of the poor and also the absolute majority of Kenyans (GoK, 2001a, 2001b; Kinyua, 2004). Evidence suggests that the number of absolute poor increased from 10 million in 1994 to 13.4 million in 1997 and that by 2000 the overall poverty situation in Kenya was 56% of the population, estimated at 30 million people (Kinyua, 2004).  Three quarters of the poor live in rural areas and primarily rely on agriculture for their livelihood with the bulk of them located within the highly populated belt stretching South to East from Lake Victoria to the Coast (GoK, 2001b).


In this regard, Kenya’s poverty eradication plan has been formulated in line with the goals and commitment of the Millennium Development Goals (MDGs), in particular, to reduce the proportion of people living in extreme poverty by half by the year 2015 and on ensuring environmental sustainability (GoK, 2001b). The government has therefore launched papers embodying poverty and food security concerns. In 2000, Kenya launched the Interim Poverty Reductions Strategy Paper 2000-2003, in  recognition of the need to tackle the intolerable high incidences of poverty that afflicts about half the population (GoK, 2001a, 2001b). In 2002, the concept of Kenya Special Program for Food Security (KSPFS) was developed, Kinyua writes.  Kinyua (2004) points out that this program draws on the Poverty Reduction Strategy Paper and the Kenya Rural Development Strategy (KRDS) as its building blocks.  While KSPFS and KRDS outlines measures needed to alleviate poverty in the country. These programmes give food security specific focus to the more that 15 million absolute households living in rural areas primarily as farmers, pastoralist and fish-folks (Kinyua, 2004).   In June 2003, the Kenya Government launched an Economic Recovery Strategy for Wealth Creation and Employment (ERSWCE) which aims at readdressing economic degeneration and persistent poverty (Kinyua, 2004). In November 2003, the International Monetary Fund (IMF) approved Kenya’s ERSWCE, approving concessional loans of up to $252 million over a three year period (Swallow, 2005:304) ERSWCE recognizes the need to supporting farmers and community based organization by mobilizing resources to stimulate agricultural growth. 

2.3.3. Contemporary Interest and Research on Human Dimensions of Climate Change 


Human dimension of climate change are matters of international interest. In 1988, the Intergovernmental Panel on Climate Change  (IPCC) was set up to advise government and international bodies on the threats of human-induced global warming (Adger, 1999; Lash et al., 1996:4).  IPCC is the world's leading scientific body for assessing the scientific, technical and socio-economic information relevant for understanding climate change.
  In the recent years, especially in the 1990s, the connection between climate change and economic and human development have become increasingly apparent (Flavin et al.,2002). For example, recent studies show that the overall temperatures in 2004 were 0.48 degrees Celsius above the climatological average, making it the fourth hottest year since the late 1800s, the time that most scientists recognize as the start of accurate meteorological record keeping. 
 Furthermore, the impact of natural phenomena such as earthquakes, floods, droughts, tsunamis and other hazards are likely to impact human life and livelihood (Adger 1999; Watson et al., 1997). For example, the recent damage caused by the tsunamis of December 26, 2004 in South East Asia is unarguably a crisis of high magnitude.
   Such unfolding disaster presents research and policy challenges at multiple scales of operation.


In Africa, studies show that rainfall trends especially over the past 30 years or so have had an impact on socioeconomic development of the continent because most activities are highly agricultural based (Watson et al.,1997). Watson et al, reveal that droughts have afflicted Africa, with serious episodes since independence in 1965–1966, 1972–1974, 1981–1984, 1986–1987, 1991–1992, and 1994–1995 (Watson et al.,1997, Chapter 2). In agriculture, studies show that the effects of climate change and its impact on agriculture are impediments to development (Flavin et al., 2002).  In the future, some scholars argue that such climate changes will affect African economies that are highly dependent on agriculture because a large portion of agriculture is rain-fed (Watson et al., 1997). 

In Kenya, in particular, the recent El Nino event (1997-1998) and heavy rains of 1999 have had adverse economic and social impacts (Kaluma and Ogola, 2003; Ngecu and Mathu, 2002). During the El Nino event, Kenya experienced extraordinary heavy rainfall between May 1997 and February 1998, writes Ngecu and Mathu. Kenya’s rainfall was 40 inches (100 centimeter) above normal.
 The negative effects of El Nino included floods that led to loss of lives and livestock through drowning, destruction of property, increased soil erosion in areas of poor land use, increased land slides especially in hilly areas, water pollution, increased sedimentation and siltation of major water reservoir and so on.
  According to Ngecu and Mathu, the economic loss due to El Nino was one billion US dollars. The agricultural sector was affected because the flooding affected plants through water logging, increased plant and animal diseases, soil erosion just to mention a few. Unfortunately, Kenya government had no prior plans or policies in place to monitor and manage disaster. 
 In addition, others studies show that rising temperatures and increased plant water requirements would lead to dramatic reductions in agricultural production potential, especially in eastern and southern Kenya, whereas, in central and western Kenya, temperature increases would result in an extension of the land suitable for cultivation because some higher-elevation areas would become suitable for cropping (Watson et al., 1997). These findings reveal that climate change will have a positive impact on production in some regions and negative effect in others. In the Lake Basin, historical records show that the occurrence of an extraordinarily pluvial period from 1961-1964 in the eastern part of the lake caused the water level to rise by approximately 2.5 meters. This scholarship on climate trends is indicative of possible environmental degradation resulting from climate change.
2.3.4. The United Nations Millennium Project 

In September 2000, the Millennium Declaration was signed by all countries of the world, leading to quantifiable goals and targets that state that by the year 2015 the proportion of people suffering from hunger, absolute poverty, HIV/AIDS among others will be reduced by two thirds (Sanchez et al., 2004; UN, 2000; UNDP, 2004b). These goals (poverty reduction initiatives) known as the Millennium Development Goals (MDGs) have become the international standards for tracking improvement of human wellbeing in developing countries (UN, 2000; WEHAB, 2002). The Millennium project is headed by Jeffrey Sachs, Director of the Earth Institute, Colombia University in his capacity as special advisor to the UN Secretary General Kofi Annan.
  


In sub-Saharan Africa, studies show that countries are now in the process of stipulating policies and strategies in the context of MDGs  (Stamoulis and Zezza, 2003; UNDP, 2004a). In pursuit of these goals, in 2004, the Kenya Government officially launched the MDGs based planning and policy formulation process (UNDP, 2004a). In speech delivered by the Minister for Planning and National Development, Prof. Peter Anyang' Nyong'o, the Minister said:
The government has in fact, formally entered into a partnership with the Millennium Project and Kenya-based UN Country Team, as well as with donors and other national stakeholders in a process meant to generate dialogue around the proper costing of the whole range of interventions and targets that are needed in order to achieve the MDGs." (UNDP, 2004a)
To help rural communities meet MDGs targets, a group of scientists (led by Dr. Pedro Sanchez, a 2004 MacArthur fellow, and Director of the Tropical Agriculture Program of the Earth Institute at Columbia University) are working closely together with the Kenya government and local communities on a Millennium Project aimed at empowering villages in Western Kenya to achieve the set MDGs goals (Sanchez et al., 2004). The western Kenya Millennium Project is part of the broader UN strategy for implementing poverty reduction initiatives as stipulated in the Millennium Declaration. Such interest and initiatives are indicative of both national and international communities’ commitment to environmental sustainability and sustainable development. This study is closely linked to the Millennium Declaration because it focuses on promoting science and technology for enhancing environmental sustainability and sustainable development.

3. PRIMARY LITERATURE REVIEW


This study draws on a broad range of science and technology studies (STS) literature. It draws from sociology of scientific knowledge, and particularly the literature on the agricultural sciences, anthropological studies of “development,” environmental studies and African studies literature. I draw on the work of sociologists engaged in environmental studies (Lash et al., 1996) and others to map out the interaction and intersection between social, economic, and environmental issues linked to  sustainable development. Lash et al. offer insightful essays discussing the complex relationship between modernity, environmentalism, and the emergence of a ‘risk society’ (p. 34).  


 I also draw on a theoretical framework based on Foucault’s theories of power/knowledge  and discourse to understand the anticipated social, economic, institutional, and cultural factors that underline conservation knowledge production and circulation at multiple sites of implementation (Foucault, 1980, 1994). I use the power/knowledge concept to understand how discourses about agricultural research organizations create knowledge, define sets of innovations and practices and facilitate their implementation. Foucault draws on Althusserian insight that ideology is inscribe in practice, in action (Bybee, 1990). Consequently, writes Bybee, power/knowledge is seen as realized in practices.  I also trace the outline of discourse to the work of Plato as articulated in Plato’s Georgia (Anderson, 1996). Through this framework, this study seeks to examine the strategies and practices that are deployed by the various stakeholders to attain the designated development goals, including the forces that shape what scientists and farmers think and do about soil conservation. I also use power/knowledge concept to understand how knowledge production and circulation are shaped by social, economic, institutional, and cultural factors at different scales: local, national and global. 

I also build on the work of STS scholars who have analyzed “development” through a Foucaultian framework to study development as historically produced discourse and also on STS scholarship on agricultural research and practice: Ferguson (1990), Escobar (1995), Gupta (1998), Fischer, Shrum (2000), Shiva (1989), and Fortun  (2001a). There are good reasons for starting with the work of the scholars outlined here.  
Anthropologist Akhil Gupta  (1998), for example, has extended Foucault’s insights to analyze the colonial and “postcolonial condition” in rural northern India. I build on the concept of “postcolonial condition”
 to historically situate analyses of conservation knowledge production and circulation in Kenya.  I argue that the postcolonial condition provides a powerful lens and starting point to analyze development strategies and practices in Kenya in different historical periods.  For Gupta, the apparatus and discourse of development is  key to any definition of “the postcolonial condition” (p. 9). Gupta underscores that “To undertake an ethnographic exploration of ‘postcolonial condition’ means to pay close attention to interconnections between divergent discourses and structural forces’ (p. 6). For instance,  it is important to understand how “local’, soil conservation practices is shaped by global and national discourses of development.  Gupta has also analyzed development as a discourse. According to Gupta, “development discourse” makes people subject in both senses that Foucault emphasizes: subjects to someone else by a relationship of control and dependence, and tied to one’s own identity through self” (Illich 1983:212, in Gupta 1998:39). Gupta argues that development discourse operates at local levels and produces subjectivities (forms of post-colonial identity) (p. 36-37). Here, development as discourse maps out relations by creating subject position. This parallel argument can be useful in mapping out relations between experts (scientist) and laypeople (farmers) in conservation knowledge practice. Is it likely that the experts have the power (new innovative techniques and practices) over the farmers because traditional farming practices are not likely to achieve the power and recognition? 
I also build on anthropologist James Ferguson’s (1990) work because of his contribution to the understanding and rethinking of the relations between institutional strategies and public participation in development projects. In his work, Ferguson provides a critique of development by examining how development institutions (development agencies) generate their own discourses, thereby creating knowledge about how interventions are based. The relevance of Ferguson’s work is in his reflection on institutional strategies and the outcome (success or failure) of development projects. His work contributes to the understanding of how institutional structures impact development project operationalization. 

Similarly, Arturo Escobar’s (1995) work is relevant to this study because he has used Foucault to analyses the dynamics of discourse, power, and practices (through professionalization and institutionalization of development) in Colombia, Latin America by unveiling the mechanisms by which certain orders of discourses produce certain modes of thinking while disqualifying others. His work offers a framework for analyzing the dynamics of power in discourses. Escobar also uses Foucault’s concept of “problematization” which entails  analyzing a problem in terms in which it is currently posed and attempting to establish its genealogy, that is, conducting an analysis starting from the problem in terms of how it is seen at present” (Goldstein, 1994:238). In sustainable development, this means historically situating our current understanding of contemporary environmental degradation and declining agricultural production which impacts on human livelihood. For example, I will draw on  the concept of problematization to analyze how findings from recent research on climate change have been integrated into the thinking and practice of soil conservation scientists in Kenya.  

I also draw on the works of Shrum (2000) and Fisher (1997) who have analyzed the role of non-governmental organization in implementing grass-root development activities. In fact, Shrum underscores that science derives its authority from universalistic knowledge claims based on embeddedness within institutions such as university (Shrum, 2000:16). I draw on their works to analyze how discourses about NGOs create new knowledge and define practices that shape conservation knowledge implantations at the household level and more generally. 

I also draw on the works of scholars from many other disciplines who have studied the Lake Victoria region and agricultural knowledge systems in Kenya: Barret et al (2002); Place (2002); Sanchez (2002; 2004); Franzel et al., (2001); Shepherd et al (2000)  Swallow et al (2003); Swallow and Wangila (2002); Swallow and Mungai (2002); Mackenzie (1998) among others. The works of these scholars provide insight to key themes, concerns and initiatives about development in Africa and Kenya in particular. For example, Fiona Mackenzie’s (1998) scholarship on post-colonial discourse on land degradation and agricultural practices in Kenya can help expose the process through which soil conservation practices have been effected.  Mackenzie points out that indigenous knowledge on local crops and agricultural methods have been adversely criticized. Citing V. A. Beckerly, Soil Chemist between 1924 and 1938, he writes: “more often than not, the methods employed are more suited to the conditions than those suggested; any change in methods would involve the use of manures and fertilizers, which at present are out of reach of the native cultivator” (p. 104). This viewpoint on indigenous knowledge has been reified by the works of some development scholars in Kenya.  In addition, recent studies show that smallholder farmers can play a key role in helping developing countries reach the Millennium Development Goals  (Barret et al.,2002; ICRAF, 2003b; IFPRI, 2004; Sanchez, 2002; Sanchez, 2004; Stamoulis and Zezza, 2003). Furthermore, as already mentioned in section 2.3.1.1 above, Franzel and his colleges ( 2001), provide a good example of how scientists and extension workers have integrated farmers knowledge on Calliandra Calothysus seeds germination. In Kenya, the extension services have been the traditional way of technology reaching the farmers, in the past decades (GoK, 2002). 

Extension initiatives in Africa and Kenya in particular have been supported by the World Bank since the 1970s when it started financing rural development projects (Bagchee, 1994). Though with the introduction of structural adjustment programs (SAP),
  the Bank has supported fewer and fewer extension workers resulting to weak extension linkages (GoK, 2002). Structural adjustment programs (SAP) which have been implemented since the 1980s, are typically aimed at establish the right policy framework which would encourage sustained agricultural growth in Africa, through the elimination of current account deficit, alleviating balance of payment problems and so on  (Bagchee, 1994). According to Walden Bello (2001), SAP goals are directly served by the free trade, deregulation, and privatization agendas of the global economy, which are designed to make economies of developing counties more efficient and better capable of sustained growth.  The problems of agricultural development has been exacerbated by institutional constraints such as structural adjustment programs required by the World Bank. Focusing on Kenya’s agricultural sector experience, the SAP has contributed to staff cuts due to reduced government budget. The net effect is extension delivery services have been adversely affected. As a direct response to weak extension linkages, the recent development of extension programme within the Ministry of Agriculture and Rural Development (MoARD), the NALEP (GoK, 2002) aims to  strengthen information circulation within the agricultural sector.  However, information circulation between scientists and farmers demands a new look at practices and policies that are in favor of advancing technological innovations for economic growth. This study seeks to understand how the new extension models exemplified by private sectors and programmes like NALEP are positioned to scale up technology uptake. These scholarships represent a sample of a growing body of literature on development studies in developing countries that places science and technology at the centre of development studies. 

4. RESEARCH METHODOLOGY AND PLAN OF WORK

4.1. Conceptual Framework 


This conceptual framework is oriented by three core concepts. First, I use Foucault’s conception of power/knowledge to analyze the many powerful influences that shape how scientific knowledge is produced, legitimated and used.  I use Foucaultian framework to examine the dominant discourses of responses to environmental threats and food insecurity by the government, scientists, NGOs, policymakers, donors and smallholder farmers in Kenya. I address questions about scientific discourses and culture: How are the dominant discourses of agroforestry interventions perceived by the two farming communities? What are the relations between the technical and social aspects of soil conservation management? Based on this framework, I will also analyze how power inequalities at household and community level impacts on farmers’ adoption of new practices. For example, empirical studies at household level reveal that social factors and cultural norms emphasize the unequal power status of women and men with some traditions favoring male dominance (GoK, 2001b). More specifically I will draw on the concept of “microphysics of power” perspectives to analyze how gender inequality impacts on soil conservation knowledge adoption. Microphysics of power is hypothesized to act at the level of daily practice (Bybee, 1990). In this study, it will entail examining practices at farm or household level. This kind of analysis is useful for decision making because it raises the need to empower the marginalized group who are most likely women to make them less vulnerable to social ills. 


Second, drawing on Foucault, I also develop the concept of agrocomplexity  for analyzing the complexity in conservation information circulation, where intersections of people, discourses, technologies and environmental conditions together result in food security (or lack of food security). As a conceptual framework, agrocomplexity captures the scope and complexity of interactions of factors (embedded in social, economic, cultural, institutional, and environmental dimensions) that underpin the production, circulation and implementation of soil conservation knowledge (see Figure 1 below). As an analytical tool, agrocomplexity concept presents soil conservation knowledge production and circulation as a product of the relationship between different actors that can be examined at multiple scales: local, national, regional, and global levels of operation. I use it to understand and steer on-going conservation knowledge production and implementation processes taking into account different actors, tracing linkages and interactions across and between research organizations, local and global institutions, complex local, regional, and global environmental challenges; and interaction at farm levels. Oran Young (2002) introduces the concept of interplay (vertical and horizontal) which provides a valuable framework for analyzing interaction between various actors in this conceptual framework. In this instance, vertical interplay refers to interaction across international and national agricultural research organizations and local level arrangements. It cuts across spatial dimension from local to global levels of interrelationships. Horizontal interplay, on the other hand, refers to interplay at across-scale household levels of technology implementation mediated by extension workers. For example, at household level, farmers’ decision to adopt a certain agroforestry practice can be influenced by both local factors (such as land tenure, family size, national policies and others) and global factors such as trade liberalization. The interactions of these factors have important implication for understanding agricultural economy, and soil conservation practice in particular.  The aim of this framework is to recognize that process aimed at supporting information use require multiple strategies and interdisciplinary approaches. 
Figure 1. Schematic presentation of agrocomplexity conceptual framework
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This conceptual map aims to tease out the complex interactions of factors at multilevel: household, community, institutional and organizational level that shapes the outcome of technology use and adoption. The framework reflects that information circulation must acknowledge the complex interactions between research-information flow-environment dynamics. 

Starting on the left of the dotted line, the diagram captures a host of factors: institutional, such as policies, donor agencies and others; organizational, such as national and international agricultural research organization,
 national universities; and NGOs among others that shape how agricultural scientists and extension workers develop and deliver conservation knowledge to farmers. The right side of the dotted line captures a dialectic interrelation and interaction between environmental change and farmer communities. I will examine the dual role of farmer community in fostering environmental degradation and curtailing it.  At household and community level, it shows the interaction of factors (local experience, culture, gender, education and so on) that shape how households access and implement conservation knowledge.  The thick arrow labeled “information flow” (better described as dialectic) between agricultural research organizations and farmers assumes that conservation information flow is a two way process, that integrates both scientific and traditional agronomy knowledge of the farmer.  In this framework, non-governmental organizations (NGOs) interaction is through a dual connection. NGOs interact with farmer community and research organization in a narrow locality, participating in activities based on claims to employ “participatory” methods involving close ties to farmers (Shrum, 2000). While the arrow from the improved conservation practices to “food security/environmental protection’ depicts that through improved land management practices, farmers can considerably increase their land productivity and hence improve food security situation. Finally, the conceptual map captures the dynamic interaction between environment, food security and globalization. Given this backdrop, this conceptual framework illustrates that conservation knowledge production and implementation is not a simple process. Rather, scientific interventions should be cognizance of the potential impacts of multiple forces that interaction to shape technology use and adoption. As Gupta (1998:31)  points out, a sharpened understanding of the forces that threaten to push the world’s poor beyond the edge of survival will help us better resist these forces. Agrocomplexity framework aims to capture and sharpened the understanding of the dynamics of information circulation at household level and globally.

Third, I use the concept of “fit” to refer to appropriate packages of practices and technologies that have been or need to be identified and extended for adoption at farm and community level. Theoretical basis of this concept is derived from the literature on “appropriate technology” (Hazeltine et al., 1999). A central concept of appropriate technology, writes Hazeltine et al., “is that the technology must match both the user and the need in complexity and scale” (p. 4). In this study, appropriate technology should be viewed as a package of soil conservation practice that “fit” a local ecological setting. I will explore how the concept of fit as an analytical tool can shape science and policy decision-making process. I am interested in conservation knowledge options based ‘best-bet’ options, that is, “ideas and experiences derived from both indigenous and formal science” (Veldhuizen et al., 1997:4). I am concerned about questions such as: Are culturally embedded strategies or traditional soil conservation management practices incorporated in pursuit of agroforestry practices?  I argue that appropriate soil conservation practices need to be developed and implemented that fit local settings. This concept lays emphasis on cultural relevance and ecological appropriateness of the conservation techniques being implemented for adoption. As Heicht and Cockburn (1990:109) state, those who perceive the problem of environmental degradation “ as one of inappropriate technology must explain why one particular technology or another is promoted and prevails.”
4.2. Research Questions and Analytical Goals 


This study poses four major research questions and numerous secondary questions that move from high-level analytical questions about the production and circulation of science and technology to empirical questions crafted especially for this study:  

1. What forces shape how agricultural scientists develop and deliver conservation knowledge, and integrate understanding of vulnerabilities likely to result from climate change into local practices?

· What are the assumptions that have shaped scientific and technological knowledge (particularly conservation knowledge) advancement in Kenya?

· What are the agricultural technologies (that are promising under the diverse agro-ecological zones) aimed at improving natural resources management (NRM)?

· How have findings from recent research on climate change been integrated into the thinking and practice of soil conservation scientists?

2. What factors shape the dynamics of information flow between agricultural research organizations and households? 

· How has information flow been conceptualized and operationalized among agricultural stakeholders in different historical periods?

· How has agricultural extension supported land management practices in different historical periods?

· What are the environmental impacts of research-informed development initiatives?

3. What forces shape the way households access and implement conservation knowledge in Kenya? 

· How have land management practices at the household level aimed to support environmental sustainability and food security?

· How has soil conservation science contributed to new understandings of land management practice at community and household levels?

· What are the critical conservation knowledge gaps that if filled would lead to high productivity?

· What are the key institutional structures that support or impede environmental sustainability and sustainable development at the community level? 

4.  How have agriculture policies shaped research priorities and sustainable development in Kenya?

· What are the key priority areas for agricultural research, extension services, and policymakers that can contribute to sustainable environmental protection?

·  How can strategies for improving agricultural knowledge and information development and delivery inform broader policy initiatives aimed at supporting sustainable agriculture?

· What are the key priority areas for agricultural research that can contribute to sustainable land management practices at community and household levels?

· How can improved understanding of the production and circulation of soil conservation knowledge direct policy at local, national and international levels? 

· How can this research contribute to the Millennial Development Project?

4.3. Study Components 
4.3.1. Data Collection and Ethnographic Research 

The main site for this study is Lake Victoria Basin, Western Kenya.  The Lake basin is selected because of its broad socio-economic impact of environmental degradation in the East African region (Kenya, Uganda, Tanzania). At national level, the Lake basin matters because it offers unique opportunities to study environmental issues and vulnerability of the basin inhabitants. Data for this study will come from two sources: ethnographic interviews and archival sources. The research will take 9 months, beginning June 2005 and ending in February 2006, and will revolve around a multi-sited ethnographic approach (Marcus, 1995), relying on ethnographic interviews of two types: at household level in two farming communities and within agricultural research organizations and government agencies working to produce and circulate conservation knowledge. Supplementary data (on rainfall) will be retrieved from archival sources, notably, the Kenya Meteorological department.   
4.3.2. Research Sites and Interviews 
4.3.2.1. Agricultural Research Organization


First, data will be collected from professional scientists in agriculture, environment and natural resources management working within agricultural research organizations in Kenya such as, the World Agroforestry Centre (ICRAF) and government agencies (such as Kenya Agricultural Research Institute (KARI). The World Agroforestry Centre is part of a global network of 16 Harvest Future centres, funded by the Consultative Group on International Agricultural Research (CGIAR).
 CGIAR was created in 1971 by a consortium of the World Bank, various regional banks, several UN agencies, charitable organizations and some national governments (Atkins and Bowler, 2001). ICRAF was founded in 1978 on the premise of the importance of trees on farms. This was in recognition of the loss of forests for agricultural lands in the developing countries. ICRAF joined the Consultative Group on International Agriculture (CGIAR) centers in 1991.
  While KARI was established in 1979 through an amendment to the Science and Technology Act (Cap 250).
  Its mission is to develop and disseminates appropriate agricultural technologies in collaboration with stakeholders. KARI further contributes to sustainable improvement in the livelihood of its citizens by increasing agricultural productivity and environmental conservation. Experts from these organizations can provide comparative perspective on agricultural practices, food security and climate change. 
About 40 scientists will be interviewed. Research questions raised will examine practices and policies that shape the advancement of technological innovations for economic growth. Questions raised in section 4.2 above aim to elicit nuanced responses about research priorities and conservation knowledge gaps and information flow between scientists and farmers. These experts will contribute to the understanding of how knowledge production and circulation narratives have changed in different historical periods. Leveraging historical perspectives aims to reveal different dimensions through which the various organizations operate and collaborate with each other on strategies of soil conservation knowledge for improving agricultural production. 
4.3.2.2. Communities and Households in Western Kenya


Second, data will be collected from two communities (Luos and Luhyas) inhabiting Siaya and Vihiga districts respectively. These communities were chosen due to their diverse agro-ecological characteristics, pervasive poverty, demographic pressure and climate variability. Many households in the region are predominantly subsistence farmers engaging in a limited amount of commercial activity. The limited participation in commercial activities are governed by social and economic factors discussed above (see section 2.1).  Evidence from empirical studies suggest that though there are variety of crops grown in western Kenya, mainly maize and beans are the dominant enterprise (Place et al., 2002). Other crops include sorghum, cassava, kale and cabbage.  But their productivity remains low. 



Data collected at household and community level will be stratified by location, ethnicity, agro-ecological conditions, and access to technologies. About 60 households with equal distribution from each community will be interviewed. In the selection of particular respondent, I will attempt to interview farmers who have access to and those who do not have access to agroforestry technologies. Ethnicity and gender is fitted in the model to assess whether or not these variables impact adoption practices. The study of farmers will have multiple comparative dimensions: between districts (Siaya and Vihiga), between (ethnic) communities within districts, and between households within a community. At household level, various structures (emergent from asset-base, gender, education level, land size, household size, and others) in two different ethnic communities will be studied. Gender of the household is a critical variable because in Kenya, women are the key smallholder farmers. These variables will be used as possible explanatory variables for technology use and adoption patterns. They are also important for explaining social, economic, cultural, and political dimensions and some of the key research questions raised in section 4.2.

Informants at community level will largely be based in Community Based Organizations (CBOs)—self-help organized groups that share community development vision and Common Interest Groups (CIGs)—self-help organized community group that share missions or interests, or in women’s groups, churches, and district agricultural offices. Data collection will start with broad examination of various communities at district level. This will be followed by an in depth analysis of a few selected communities, and finally an examination of individual households. This wide coverage will provide insight on how poverty levels and land resource management vary across the study area.
Climate data for the two districts (Siaya and Vihiga) will be collected and analyzed to understand climate variability within the study site. Other possible sources of data collection include participants in key scientific workshop and conferences focusing on agricultural research, environment and food system. For example, in Fall 2004, I attended the IHDP- IAI 2004 Global Environmental Change, Globalization and Food Systems, held in Costa Rica in October. Through this conference, a network of Third World researchers has been developed that focus on redressing issues pertaining to sustainability, the environmental and agricultural development.
 
4.3.3. Data Analysis 

Data collected from this study will be analyzed based on the hierarchy of questions that links the primary aims of the study to empirical themes as detailed in the previous section on research questions and analytical goals (see section 4.2). I plan to use both qualitative and quantitative analyses methods. I will begin by transcribing interviews and coding. I will develop categories and relationships for thematic analysis. Sorting data into themes and issues will facilitate data comparison within and between these categories. In qualitative analysis, I will use triangulation to analyze and validate this data in order to converge on common themes and to detect and expose biases (Maxwell, 1996; Roe, 1998). Triangulation uses multiple methods, procedure and theories to converge on what should be done under complexities (Roe, 1998:5, 85). Historical analysis will be used to compare present and post-independence development trajectories. In quantitative analysis, I will use statistical analysis software, such as, Statistical Package for Social Sciences (SPSS) to enter data and run some basic statistical analyses.
 To further develop an understanding of the data set, I will begin the analyses by running “descriptive statistics” which present data in a graphical and numerical summarization.  I will then run Analyses of Variance (ANOVA) and Regression to find explanatory factors that shape technology preference, use and adoption at household level differ among the Luo and Luhya communities and within poverty/wealth category. I will control for the effects of other variables (household head, gender, sex, age, education, farm size, family size, and land tenure). ANOVA is useful in exploring the influence of several factors on key response variables, while Regression is a powerful technique for studying relationships between quantitative variables.


By using the household as a unit of analysis, this study aims to understand how various factors such as culture impacts farmers’ perception and acceptance or rejection of specific practices. Are some forms of knowledge privileged while others are devalued? The analysis will incorporate the interactions of social, economic, cultural and institutional factors at different levels.  Data analysis design will be strengthened during the field research. I plan to build on the expertise of social economists and biometrician based at the World Agroforestry Centre, whom I will work closely with in Kenya. I also plan to draw on the expertise of my dissertation advisor Kim Fortun of Rensselaer Polytechnic Institute.
4.3.4. Research Ethics 

The human subjects for this study will be national and international agricultural scientists, and smallholder farmers primarily in Kenya. Initial contacts will be made by phone, email or in person (the latter will be necessary to reach many farmers), and the aims and scope of the study will be explained.  All informants will be informed that their participation in the study is fully voluntary, and will be sent a copy of the informed consent form to be used before they are interviewed.  This consent form will give interviewees the opportunity to remain anonymous, or to designate other conditions for use of the interview material.  The consent form will also indicate that interviewees will have the opportunity to review and edit the transcripts of their interviews before direct quotes are excerpted.  All engagement with human subjects will follow the research specifications approved by Rensselaer’s Institute Review Board (IRB) approval, which will accord with the Kenyan governments’ authorization code to conduct research in Kenya.  

5. TIMELINE 

The schedule of this study is according to this timeline: 
Semester

Month

List of Activities
Spring 2005

January

Submit Draft Dissertation Proposal




February
Submit NSF Dissertation Improvement Proposal 





Submit Completed Dissertation Proposal 






Submit conference abstract: the 6th IHDP Open Meeting





in Bonn, Germany October 8 – 14, 2005




March

Dissertation Proposal Defense 





Schedule interview with Dr. Pedro Sanchez 






Schedule interview with Dr. Calestous Juma





Write and submit AAAS conference paper



April

Attend AAAS Conference in Washington DC 




May

Plan fieldwork logistics and travel equipments

Summer 2004

June

Field study begins 






Conduct first rounds of interview in Western Kenya






Transcribe first set of data 






Refine and revise interview questions





July (onwards)
Conduct subsequent interviews

During the 9 months data collection period, I will spend 5 months in the two farming communities (Siaya and Vihiga Districts); 4 months in agricultural research organizations and non-governmental organizations conducting interviews and retrieving archival data .

Fall 2005

October
Attend IHDP Open meeting in Bonn

Spring 2006

February
Field study ends




March

Return to the USA






Continue Data Transcription and write-up





 Attend and Present at  Conferences 






- Society for the Social Studies of Science (4S)
 




- American Anthropological Association 



November
- African Studies Association in California (11/16-19)



- Present in STS Colloquium Program/Proseminar


- and others  

6. DISSEMINATION AND IMPACT 

The results from this study will be disseminated to the following audiences. First, for the academic audiences, the findings will be disseminated through scientific workshops and conference presentations and through journals such as Science, Technology, and Human Values, Technology and Culture, International Dimensions of Human Development, World Development, and American Ethnologist.  Second, this study will be presented as a doctoral dissertation and a book for a number of audiences: sociologists, science and technology studies scholars, anthropologists, development studies scholars, technology and policy scholars, climate change and environment studies scholars, and African studies scholars.
Third, these findings will be disseminated to non-academic audiences in Kenya through local newsletters, agricultural journals, the Internet, local media, and ICRAF publications. Relevant excerpts from this study will be published through these pathways that are accessible to local communities. Outlets of this kind aim to disseminate research results to local communities. 


Finally, this study will contribute to discussion and deliberations on agricultural research policy, the UN Millennium Development goals on poverty eradication and environmental sustainability, environmental studies and advocacy activities to help overcome key policy constraints that might slow the implementation of agricultural knowledge circulation in Kenya and more generally.
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8. CHAPTER SUMMARIES

Chapter 1: Introduction

Setting the Scene 

This dissertation will examine whether or not the production and circulation of soil conservation knowledge by scientists can help build food security in Western Kenya by improving smallholder farmers' implementation of practices that will support sustainable agriculture, even as the area is made increasing vulnerable as a result of climate change. Empowering the local community through building their capacity, and in particular women, so that they can be more articulate not only in identify their problems (of deterioration of soil fertility and declining productivity) but also in implementing interventions in partnership with development stakeholders in  the LVB region is vital.  Rural women who mainly depend on land and other natural resource base become more vulnerable due to environmental degradation. For instance, 69 percent of active female population work as subsistence farmers compared to 43 percent of men (GoK, 2001b:16). Given that subsistence farmers are the very poor, this relative dependence of women upon small scale (subsistence) farming explains why women are most vulnerable. This study seeks to understand the forces that shape agricultural conservation production and circulation taking into accounts the critical factors that determine whether a certain technology will be accepted or rejected by smallholder farmers in the region.

Food security in the Lake Victoria Basin of Western Kenya is threatened by land degradation resulting from prevailing modes of agricultural production.  Major environmental transformations have been carried out by the agricultural sector seeking to feed its growing population.  In recent years, production of food crops has been declining largely due to unfavorable policies, weather variability, liberalization, market constraints, the high cost of inputs, poor infrastructure  and static technologies and inadequate research and disseminating of technological innovations among others (GoK, 2002:24, 35). Problems with food security in the Lake Victoria Basin are likely to be exacerbated in the coming years due to regional climate change. Agricultural research organizations in Kenya have developed promising soil conservation technologies, such as, improved fallows and biomass transfer that address the challenges of food security and environment.  Despite the high potentials of these innovations to improve sustainability of environment and agriculture, their transfer and adoption by farmers has been limited to date.  This study is a direct response to these problems, aiming to identify and analyze:  1) forces that shape how agricultural scientists develop and deliver soil conservation knowledge? 2) the dynamics of information flow between agricultural research organizations and households today, and how does this differs from earlier historical periods (since Kenya’s independence in 1963)?  3) factors that shape the way households access and implement conservation knowledge? 4) policy implications of improved understanding of the production and circulation of conservation knowledge. This study builds on two arguments. First, that improving land and natural resources management practices on which agriculture depend is imperative for improving food production and human wellbeing in sub-Saharan Africa, and the Lake Victoria Basin in particular. Second, it is important to build the capacity of farmers to adopt and  adapt more sustainable forms of sustainable agriculture production to mitigate the negative relations between environment change and food production. This study is oriented by three core concepts.  
Overview of Conceptual Framework


I plan to pursue these objectives with a theoretical framework based on Foucault’s theories of power/knowledge, and discourse to understand the anticipated social, economic, institutional, and cultural factors that underline conservation knowledge production and circulation at multiple sites of implementation. I build on the work of STS scholars who have analyzed “development” through a Foucaultian framework to study development as historically produced discourse and also on STS scholarship on agricultural research and practice (Ferguson (1990), Escobar (1991), Gupta (1998), Fischer (2003), Shrum (2000), Fortun (2001), and Shiva (1989).  I  also build on the work of scholars from many disciplines who have done studies focused on the Lake Victoria region (Barret et al (2002), Place (2002), Sanchez (2002; 2004), Shepherd et al. (2000),  Swallow et al (2003), Swallow and Wangila (2002), Swallow and Mungai (2002). 


This study is oriented by three core concepts.  First, I use Foucault’s conception of power/knowledge to analyze the many powerful influences that shape how scientific knowledge is produced, legitimated and used. I use Foucault’s work to understand how knowledge production, circulation and implementation is shaped by discourses. I also use Foucault’s work to examine how scientists exert power through scientific statements whereas farmers take the statement as the “truth.”  In this instance, it is implicit that the experts have knowledge about new agroforetsry innovative techniques that fall outside the current scope of traditional farming practices.  The question is how does scientific community perceives traditional farming parctices? Drawing on Foucault, I also develop the concept of agrocomplexity for analyzing the complexity in conservation information circulation, where intersections of people, discourses, technologies and environmental conditions together result in food security (or lack of food security).  Lack of food security manifests in forms such as food deficit, lack of adequate supply of nutritional food at all times, and increased reliance on relief food. As a conceptual framework, agrocomplexity captures the scope and complexity of interactions of factors (social, economic, cultural, institutional, and environmental) that underpin the production, circulation and implementation of soil conservation knowledge. More specifically, I apply this concept in three main areas. First, as analytical tool, I use it to analyze the complex intersection between environmental degradation and food security in a specific context. Second, I use it to understand and steer on-going conservation knowledge processes taking into account different actors, tracing linkages and interactions between research organizations, local and global institutions, local and global environmental concerns. Third, I apply the concept to translate the forces that shape conservation knowledge processes in context of policy application. Third, I use the concept of “fit” to refer to appropriate packages of practices and technologies that have been or need to be identified and extended for adoption at farm and community level. I want to explore how the concept of “fit” as an analytical tool can shape science and policy decision-making process
Setting the Theme 

The plan of the subsequent chapters is organized around four themes: production, circulation, implementation and implications for food security policy. The individual chapters are informed by the interaction of multiple forces that shape agricultural knowledge production, circulation, and implementation. The introductory chapter gives a general overview of the conceptual premises and methods, study objective, and chapter summaries. The second chapter provides an overview of agricultural knowledge production. The third chapter presents knowledge dissemination practices method and approaches and factors that shape access information circulation.  The fourth chapter examines factors that interact to shape technology implementation of agricultural knowledge at the household level. The fifth chapter presents policy relevant conclusions for the Lake Victoria Basin. The sixth chapter presents policy relevant conclusions to support food security on a global scale.

Chapter 2 Production of Agricultural Knowledge

What forces shape how agricultural scientists develop and deliver conservation knowledge, and integrate understanding of vulnerabilities likely to result from climate change?

In Chapter 2, I take a close look at the specific agricultural technologies that are being developed and disseminated to address environmental degradation and sustainable development. I adopt discourse analysis to analyze social dynamics that drive and shape technology production. I use narratives from both the scientific community within the agricultural research organization and the local community to analyze the appropriate technology options and their fit (culturally appropriate now and in the future) for environmental conservation and sustainable development (Hazeltine, 1999).  In this chapter, I will ask and investigate the following specific research questions. What are the assumptions that have shaped scientific and technological knowledge (particularly conservation knowledge) advancement in Kenya? What are the agricultural technologies (that are promising under the diverse agro-ecological zones) aimed at improving natural resources management (NRM)? How have findings from recent research on climate change been integrated into the thinking and practice of soil conservation scientists?

Chapter 3: Circulation of Agricultural Knowledge in Kenya

What factors shape the dynamics of information flow between agricultural research organizations and households? 

In Chapter 1 and 2, I introduced theoretical and analytical concepts that I use in this study. Chapter 3 addresses the question of technology dissemination. The question that remains an answered by development partners is the question of methodology and fit. The question of bringing up promising technologies to the doorsteps of many smallholder farmers that are presently left out by these new innovations. The chapter describes and analyses extension approaches deployed today, and in the past, factors that influence conservation knowledge circulations, and provide insights about dissemination practices. I will also synthesize findings on technical performance of conservation practices in question and their fit or “appropriateness” for the local setting.  The chapter also identifies institutional and structural constraints that development practitioners and farmers face.

Chapter 4: Implementation of Agricultural Knowledge in Kenya

What forces shape the way households access and implement conservation knowledge in Kenya? 

The research community and policymakers need to recognize the complex nature of agricultural development and to embrace the concept of environmental sustainability and sustainable development. The term “sustainable development” dates back to the Brundtland Commission’s report, Our Commission Future (WCED, 1987). The World Commission on Environment and Development (WCED) defines sustainable development as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (WCED, 1987:43).  In this chapter, I present the complex interactions between agricultural knowledge production, circulation and implementation. These processes are deeply embedded in the dynamics of social, cultural and economy interplays. I present the analysis of the technological and institutional factors that determine the access and implementation (adoption) of conservation technologies. What can we learn from conservation knowledge implementation by looking at it through agrocomplexity lens? I use the term agrocomplexity  to show the complexities within and between different discourses and practices in the context of sustainable development.  This concept emphasizes the fact that the implementation of conservation knowledge is complex embracing multidisciplinary approach to analyzing the current environmental and food security challenges in the lake region.  In addition, this chapter explores and presents factors contributing to the success and failure of the adoption of new technological innovations. It will present implementation limitations as perceived by researcher, policymakers and farmers and proposed solutions. 

Chapter 5: Food Security Futures in the Lake Victoria Region
How have agriculture policies shaped research priorities and sustainable development in Kenya? 

The fifth chapter presents policy relevant conclusions for the Lake Victoria Basin. This chapter will present policy recommendations on how environmental sustainability and sustainable development can be made more effective and enhance the livelihoods on the local communities. To support conservation knowledge production and implementation and sustainable development, it is critical that the Kenyan government develop national strategies and policies in support of the LVB and national development.  At policy level, for example, the government, has integrated environmental and food security interventions into the Poverty Reduction Strategy Program (PRSP). This chapter will seek to enhance the understanding of poverty reduction policy narratives in Kenya by examining current and past institutions.
Chapter 6: Food Security on Global Scale

The sixth chapter presents policy relevant conclusions to support food security on a global scale. 
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� “Human well-being has multiple constituent, including basic material for a good life, freedom and choice, health, good social relations, and security. Well-being is at the opposite end of a continuum from poverty, which has been defined as a pronounced deprivation in well being. The  constituents of well-being, as experienced and perceived by people, are situation dependent, reflecting local geography, culture, and ecological circumstances.” � ADDIN EN.CITE <EndNote><Cite><Author>MA</Author><Year>2003</Year><RecNum>118</RecNum><Suffix>:3</Suffix><MDL><REFERENCE_TYPE>10</REFERENCE_TYPE><AUTHORS><AUTHOR>MA</AUTHOR></AUTHORS><YEAR>2003</YEAR><TITLE>Ecosystem and Human Well-being: A Framework for Assessment</TITLE><PLACE_PUBLISHED>Washington</PLACE_PUBLISHED><PUBLISHER>Island Press</PUBLISHER><TYPE_OF_WORK>Report</TYPE_OF_WORK><SHORT_TITLE>A report of the Conceptual Framwork Working Group of the Millenium Ecosystem Assessment (MA)</SHORT_TITLE></MDL></Cite></EndNote>�(MA, 2003:3)�


� 	See  the World Agroforestry Centre  website: � HYPERLINK "http://www.worldagroforestrycentre.org" ��http://www.worldagroforestrycentre.org� (November 2, 2004) 


� 	See Denning, G. (2001:408)


� 	Speech by Susan Whelan, Canada's Minister for International Cooperation “Fulfilling the Promise: the Role for Agricultural Research”, Nairobi, Kenya, October 29, 2003


�	In a paper entitled Public Understanding of Science and “Development” in Kenya. See 4S - Society for Social Studies of Science Conference site (http://www.4sconference.org/).


�	The 28 million population accounts for nearly 33% of the population of East Africa. For more see LVEMP 2 Preparations, URL: http://www.lvemp.org/L_lvemp2/summary.htm  (December 6, 2004)


� See also Klohn, Wulf and Andjelic,  Mihailo.  Lake Victoria: A Case in International Cooperation . Food and Agriculture Organization of the United Nations (FAO) � HYPERLINK "http://www.fao.org/ag/AGL/AGLW/webpub/lakevic/LAKEVIC4.htm" ��http://www.fao.org/ag/AGL/AGLW/webpub/lakevic/LAKEVIC4.htm� [March 29, 2005]


� 	See “Complexity of Poverty: Poverty Traps in Kenya” --www.worldagrofestry.eorg (January 4, 2005)


� 	LVEMP-2 Identification, URL: � HYPERLINK "http://www.lvemp.org/L_lvemp2/summary.htm" ��http://www.lvemp.org/L_lvemp2/summary.htm�( December 6, 2004)


� 	See also Central Bureau of Statistics--CBS: Status of Food and Agricultural Statistics in Kenya: � HYPERLINK "http://www.fao.org/es/ess/html/AFCAS17/CountryPapers/Kenya.pdf" ��http://www.fao.org/es/ess/html/AFCAS17/CountryPapers/Kenya.pdf�


�  	The United Nations Development Programme (UNDP, Kenya's third human development report (HDR) finds that poor governance is a leading cause of lack of human development in the country. According to this report, transparency and accountability is lacking in Kenya. See HDR 2004; � HYPERLINK "http://hdr.undp.org/reports/view_reports.cfm?year=0&country=C119&region=0&type=0&theme=0" ��http://hdr.undp.org/reports/view_reports.cfm?year=0&country=C119&region=0&type=0&theme=0� [March 15, 2005]


.


� 	For more see the United Nations Environmental Programme site : � HYPERLINK "http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=97&ArticleID=1503" ��http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=97&ArticleID=1503�  (January 24, 2005)


�  	The Brundtand Report (1997). The World Commission on Environment and Development Our Common Future (OCF) � HYPERLINK "http://www.srds.ndirect.co.uk/sustaina.htm" ��http://www.srds.ndirect.co.uk/sustaina.htm� (January 17, 2005)


� 	See. Johannesburg Summit 2002. : � HYPERLINK "http://www.johannesburgsummit.org/" ��http://www.johannesburgsummit.org/� (2005, January 13, 2005)


� 	See � HYPERLINK "http://unfccc.int/parties_and_observers/parties/items/2121.php" ��http://unfccc.int/parties_and_observers/parties/items/2121.php� (February 13, 2005)


� 	See The Green Belt Movement  � HYPERLINK "http://www.greenbeltmovement.org/" ��http://www.greenbeltmovement.org/� (February 21, 2005)


� 	See GMWatch URL:  � HYPERLINK "http://www.gmwatch.org/archive2.asp?arcid=4500" ��http://www.gmwatch.org/archive2.asp?arcid=4500� (February 21, 2005)


�  	Prof. Wangari Maathai wins 2004 Nobel Peace Prize � HYPERLINK "http://www.greenbeltmovement.org/news.php" ��http://www.greenbeltmovement.org/news.php� (February 21, 2005)


�	UNDP Kenya (2004) "Alleviating poverty in Kenya with community level initiatives and through optimal management of the environment and sustainable utilization of natural resources."  URL: http://www.ke.undp.org/Energy%20and%20Environment.htm (November 29, 2004)


�  	See also Consortium for Scaling up Options for Increased farm Productivity in western Kenya (COSOFAP) COSOFAP News letter,  � HYPERLINK "http://www.ugunja.org/cosofap/newsletter.htm" ��http://www.ugunja.org/cosofap/newsletter.htm�


�	The ‘right to food’ was mentioned in the Universal Declaration of Human Rights (1948) and was formalized at the International Convention on Economic, Social and Cultural Rights (1966). It was reaffirmed at the WSF in 1996, when the Rome Declaration on World Food Security stated  that it is ‘the right of everyone to have access to safe and nutritious food, consistent with the right to adequate food and fundamental right of everyone to be free from hunger’(Atkins and Bowler, 2001:165).


� 	See URL: USAID (2002) � HYPERLINK "http://www.usaid.gov/about/world_food_summit/" ��http://www.usaid.gov/about/world_food_summit/� (January 17, 2005)


�  	See also World Food Summit, Rome Italy  web site: � HYPERLINK "http://www.fao.org/wfs/index_en.htm" ��http://www.fao.org/wfs/index_en.htm� (January 17, 2005) 


�	Atkins and Bowler (2001)  defines ‘hunger’ as a temporary physical discomforts but if chronic and severe conditions may be a precursor to famine and starvation ( (p, 130), while ‘famine’ is defined  as “extreme and general scarcity of food’ or as “food availability decline’ Atkins and Bowler (p, 133)


� 	For more  See UNEP.Net 2005: Climate Change � HYPERLINK "http://climatechange.unep.net/" ��http://climatechange.unep.net/� (January 17, 2005)


� 	 See Earth Observatory: 2004 Global Temperature Anomalies �HYPERLINK "http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php3?img_id="��http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php3?img_id=� 16815 (February 9, 2005)


� 	Approximately 1500, 000 were lost in this disaster. See Tsunami 2004 South East Asia URL: � HYPERLINK "http://www.library.hbs.edu/tsunami/tsunamichallenges.html" ��http://www.library.hbs.edu/tsunami/tsunamichallenges.html�


� 	See El Nino/La Nina by Curt Suplee National Geographic Magazine � HYPERLINK "http://www.nationalgeograpgic.com/elnino/mainpage.html" ��http://www.nationalgeographic.com/elnino/mainpage.html� (February 21, 2005)


�  	See “Kenya Country Case Study: Impacts and Responses to 1997-98 El Nino Event.” � HYPERLINK "http://www.esig.ucar.edu/un/kenya.html" ��http://www.esig.ucar.edu/un/kenya.html�; “Kenya Country Report: Regional Workshop on Application Space Technology In Disaster Risk Management, Nairobi Kenya, 15 -20 February 2003. � HYPERLINK "http://www.unisdrafrica.org/en/papers/Kenya_country_paper_KENYA_country_report.doc" ��http://www.unisdrafrica.org/en/papers/Kenya_country_paper_KENYA_country_report.doc� (February 21, 2005)


� 	See El Nino/La Nina by Curt Suplee National Geographic Magazine � HYPERLINK "http://www.nationalgeograpgic.com/elnino/mainpage.html" ��http://www.nationalgeographic.com/elnino/mainpage.html� (February 21, 2005)


� 	See the Millennium Development Project Web site: � HYPERLINK "http://www.unmillenniumproject.org/html/about.shtm" ��http://www.unmillenniumproject.org/html/about.shtm� (January 17, 2005)


� 	In using the term “postcolonial condition”, writes Gupta, “I index a specific set of locations articulated by the historical trajectories of European colonialism, developmentalism, and global capitalism.” (1998, p.10)


� 	Amongst the adjustment relevant to the agricultural sector are trade liberalization and privatization.


�  	These include the Ministry of Agriculture and Rural development (MoARD), the National Agricultural Livestock and Extension Programme (NALEP) and Kenya Agricultural Research Institute (KARI), the CGIAR centers-- the International Center for Research in Agroforesty (ICRAF), and others. 


� For more visit the CGIAR website: http:// � HYPERLINK "http://www.cgiar.org/" ��www.cgiar.org/� [February 2, 2004]








� 	Refer to CGIAR website: � HYPERLINK "http://www.cgiar.org" ��www.cgiar.org� and ICRAF site: � HYPERLINK "http://www.worldagroforestrycentre.org/" ��http://www.worldagroforestrycentre.org/� (June 30, 2004)


� 	Refer to Kenya Agricultural Research Institute website (� HYPERLINK "http://www.asareca.org/NARIs/kari/about.htm" ��http://www.asareca.org/NARIs/kari/about.htm� (August 15, 2004)


�	In January, I submitted an article titled “Responding to Environmental Threats and Food Insecurity in the Lake Victoria Basin, Western Kenya: Local and Regional Initiatives “for publication in the IHDP UPDATE Newsletter.


�  	For more on SPSS, visit � HYPERLINK "http://www.spss.com/" ��http://www.spss.com/� (February 22, 2005)


� 	For more on ANOVA and  Regression see � HYPERLINK "http://www.rdg.ac.uk/ssc/courses/anova.html" ��http://www.rdg.ac.uk/ssc/courses/anova.html�; � HYPERLINK "http://www.rdg.ac.uk/ssc/courses/regress.html" ��http://www.rdg.ac.uk/ssc/courses/regress.html� (February 22, 2005)
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