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VULNERABILITY ATTENUATION AND RESILIENCE ENHANCEMENT TO CLIMATE VARIABILITY AND CHANGE THROUGH AGROFORESTRY PRACTICES IN SMALLHOLDER FARMING SYSTEMS IN THE NORTH-WEST REGION OF CAMEROON

I must start by sincerely thanking God for enabling me to see the light at the end of the tunnel after the numerous trials and tribulations that stood in the way of my academic path. Immeasurable thanks go to my supervisor Prof. TCHAMBA NGANKAM Martin

The ravaging effects of this scourge spell doom for stakeholders involved in climate dependent sectors like agriculture. Promoting climate-smart practices that reduce vulnerability and enhance resilience becomes incumbent. It is within this framework that this study sought to assess the contributions of agroforestry practices towards the attenuation of vulnerability and the enhancement of resilience of smallholder farming systems in Cameroon in general and Mezam division, north western Cameroon in particular faced with climate variability and change. Both secondary and primary data were collected for the study. Secondary data collected included mainly climate data (temperature and rainfall). Primary data on its part was collected through household surveys, focus group discussions, key informant interviews, and inventories on smallholder farmers' agroforestry and nonagroforestry plots. Data collected was analyzed on SPSS 20, Excel 2007 and STATA 13 making use of descriptive and inferential statistics. From the results obtained, both smallholder farmers' perceptions and analyzed climate data revealed an increase in temperature and a marked reduction in the total quantity of rainfall in recent decades. It was also found that smallholder farmers perceived recurrent extreme weather events (99%) and poverty (96%) as the main drivers of vulnerability to climate variability and change.

Household size, age of household head, household income, access to information, and access to land had a significant negative causal relationship (p<0.05) with smallholder farmers' vulnerability to climate variability and change demonstrating that these variables have a high propensity to reduce smallholder farmers' vulnerability. The main agroforestry practices of smallholder farmers were home gardens with livestock (53%), trees on croplands (48%), and home gardens (44%); with agroforestry practices categorized under the agrosilvicultural agroforestry system (with 7 practices) being the most dominant. The findings equally revealed that five agroforestry practices (home garden with livestock, trees on croplands, trees on grazing lands, coffee-based agroforestry and Taungya) had a strong negative causal relationship (p<0.05) with smallholder farmers' vulnerability to climate variability and change, which shows that these agroforestry practices play a major role towards reducing smallholder farmers' vulnerability. It was also found that four agroforestry practices (home garden with livestock, home gardens, trees on grazing lands and coffee-based agroforestry) had a significant positive causal relationship (p<0.05) with smallholder farmers' resilience to climate variability and change, which proves that these agroforestry practices play a major role towards enhancing smallholder farmers' resilience. Thus, agroforestry practices play a significant role towards reducing vulnerability and enhancing resilience of smallholder farmers faced with climate variability and change. Based on the findings of this study, it is highly recommended that agroforestry practices and systems be integrated into the mainstream as a best practice owing to its ability to reduce vulnerability and enhance resilience to climate variability and change especially for smallholder farmers.

Key words: Climate variability and change, vulnerability, resilience, agroforestry, smallholder farmers, farming system, Cameroon xix

RÉSUMÉ

Les changements climatiques est aujourd'hui considérés comme l'une des plus grandes menaces auxquelles l'humanité est confrontée. Les effets dévastateurs de ce fléau constituent un mauvais présage pour les acteurs impliqués dans les secteurs dépendant du climat tels que l'agriculture. Promouvoir des pratiques durables qui réduisent la vulnérabilité et améliorent la résilience devient essentielle. C'est dans ce cadre que s'est inscrite cet étude à travers l'examination des contributions des pratiques agroforestières à l'atténuation de la vulnérabilité et à l'amélioration de la résilience face aux changements climatiques, des systèmes de petites exploitations agricoles au Cameroun en général et du departement de la Mezam, nord-ouest du Cameroun en particulier. Si les données secondaires collectées comprenaient principalement des données climatiques (température et précipitations), les données primaires quant à elles ont été collectées grâce aux enquêtes auprès des ménages, les focus group, d'interviews des personnes ressources et d'inventaires sur des parcelles agroforestières et non-agroforestières des paysans. Ces données ont été analysées sur SPSS 20, Excel 2007 et STATA 13 en utilisant de statistiques descriptives et inférentielles. D'après les résultats obtenus, les perceptions des petits agriculteurs et les données climatiques analysées ont révélé une augmentation de la température et une réduction de la quantité totale de précipitations au cours des dernières décennies. Il a également été constaté que les paysans percevaient la récurrence des phénomènes météorologiques extrêmes (99%) et la pauvreté (96%) comme les principaux facteurs de vulnérabilité aux changements climatiques. De plus, la taille du ménage, le revenu du ménage, l'âge du chef de ménage, l'accès aux informations et l'accès à la terre avaient une forte relation de cause à effet négative (p<0,05) avec la vulnérabilité des paysans face aux changements climatiques, ce qui démontre que ces variables ont une forte propension à réduire la vulnérabilité des paysans. Les principales pratiques agroforestières des paysans étaient les jardins de case avec des animaux (53%), champs complantés d'arbres (48%) et des jardins de case (44%); les pratiques agroforestières classées sous les systèmes agrosylvicoles (avec 7 pratiques) étant les plus dominantes. Les résultats ont également révélé que cinq pratiques agroforestières (jardin de case avec des animaux, champs complantés d'arbres, arbres dispersés dans les pâturages, pratique agroforestière à base de café et Taungya) avaient une forte relation négative de cause à effet (p<0,05) avec la vulnérabilité des paysans face aux changements climatiques, ce qui signifie que ces pratiques agroforestières jouent un rôle important dans l'atténuation de la vulnérabilité des paysans. Il a également été constaté que quatre pratiques agroforestières (jardin de case avec des animaux, jardins de case, arbres dispersés dans les pâturages et pratique agroforestière à base de café) avaient une forte relation positive de cause à effet (p<0,05) avec la résilience des paysans face aux changements climatiques, ce qui démontre que ces pratiques agroforestières jouent un rôle important dans le renforcement de la résilience des paysans. Tout cela montre que les pratiques agroforestières jouent un rôle important dans l'atténuation de la vulnérabilité et le renforcement de la résilience des systèmes de petites exploitations agricoles confrontés aux changements climatiques. Sur la base des résultats de cette étude, il est vivement recommandé d'intégrer les pratiques et systèmes agroforestiers au centre des politiques en tant que pratiques durables en raison de leur capacité à atténuer la vulnérabilité et à améliorer la résilience des paysans face aux changements climatiques.

Mots clés:

Changements climatiques, la vulnérabilité, la résilience, l'agroforesterie, paysans, système de l'exploitation agricole, Cameroun Combating climate change and its negative impacts features prominently amongst the seventeen United Nations Sustainable Development Goals (SDGs), agenda 2030 (United Nations Sustainable Development Summit, 2015; [START_REF] Burck | The Climate Change Performance Index Results 2016[END_REF]. This comes in the wake of dangerous changes in climate caused by increasing concentration of carbon dioxide (CO 2 )

and other green house gases (GHGs) in the atmosphere (especially over the last four decades), due principally to fossil fuel combustion and agricultural lands replacing tropical forests (IPCC, 2007;NAS and RS, 2014;IPCC, 2018;[START_REF] Paterson | Community-based responses to climate hazards: typology and global analysis[END_REF].

It is estimated that agricultural activities contribute to 13.5% of total anthropogenic GHG emissions and release mainly nitrous oxide (N 2 O) and methane (CH 4 ) (roughly 45% of agricultural GHG emissions each), with CO 2 contributing the remaining share (Knopf et al., 2010). With the increasing use of nitrogen fertilizers, increase in livestock numbers and more animal manure production, it is expected that N 2 O and CH 4 emissions emanating from agriculture will increase by 35 to 60% by 2030 resulting to severe repercussions on the agricultural sector [START_REF] Rayner | Recent changes in the global and regional carbon cycle: analysis of first-order diagnostics[END_REF].

Climate variability and change threatens human existence in general and the livelihood of smallholder farmers in particular in the 21 st century [START_REF] Lambi | The environment and development frontier in sub-Saharan Africa: some global lessons[END_REF][START_REF] Tsalefac | L'Afrique centrale, le Cameroun et les changements globaux de l'environnement[END_REF]FAO, 2011;[START_REF] Meybeck | Food Security and Nutrition in the Age of Climate Change[END_REF][START_REF] Chanana-Nag | Woman in agriculture, and climate risks: hotspots for development[END_REF]. Studies show that smallholder farmers will bear the greatest brunt of predicted changes in climate patterns owing to their limited adaptive capacity (FAO, 2016). These highly vulnerable smallholder farmers would easily succumb to climate-induced extreme weather events such as floods, prolonged dryness and/or droughts, excessive heat, erratic rainfall and storms leading to devastating impacts on crop and animal health as well as farmers' wellbeing, thus engendering food insecurity [START_REF] Fao | The State of Food Security and Nutrition in the World[END_REF][START_REF] Tume | Climate Change and Changing Agents in Africa and South Asia[END_REF]. In the face of increasing climate variability and change, smallholder farmers are faced with two main options: adaptation and/or mitigation (UNFCCC COP21, 2015). However, implementing one or both options involves burdensome human, material and financial resources which smallholder farmers in the majority cannot afford as most lead subsistence lives (FAO, 2010).

In the developing world, it is estimated that there are roughly five hundred million smallholder farms, supporting almost two billion people, and in Asia and Sub-Saharan Africa, these small farms produce about 80% of the food consumed (IFAD, 2012). With an exponential increase in the number of smallholder farms in the developing world which in most cases are inherently unsustainable, there is absolute necessity to document and promote sustainable and agro-ecological options which can better combat the ravages of climate variability and change [START_REF] Serdeczny | Climate change impacts in Sub-Saharan Africa: from physical changes to their social repercussions[END_REF][START_REF] Lewis | Impacts of climate change on farming systems and livelihoods in the near east and North Africa -With a special focus on small-scale family farming[END_REF]Awazi and Tchamba, 2019).

Agroforestry is one of the best practices which can contribute to curb the ravages of climate variability and change in smallholder farming systems while at the same time enhancing resiliency and mitigation efforts [START_REF] Lasco | Smallholder farmers' perceptions of climate change and the roles of trees and agroforestry in climate risk adaptation: evidence from Bohol, Philippines[END_REF]Awazi and Tchamba, 2019). With most climate change mitigation programmes in Africa in particular, focusing on reforestation and protection of tropical forests, a dilemma emerges between reducing tropical deforestation and expanding agricultural production to feed the ever growing African population (Mbow et al., 2012;[START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF]. It is in this light that agroforestry comes in to solve the quandary between reforestation and agricultural production, for agroforestry increases carbon storage and may also enhance agricultural productivity [START_REF] Kumar | Carbon Sequestration Potential of Agroforestry Systems: Opportunities and Challenges[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF]Awazi and Tchamba, 2019). Climate change mitigation initiatives in Africa, especially under the auspices of REDD+ should therefore take into cognizance the food needs of the population and not focus solely on reforestation and forest protection campaigns, for this sort of approach has often failed woefully (FAO, 2010). Smallholder farmers should therefore be encouraged to take up agroforestry for it contributes towards reducing vulnerability and enhancing resilience to climate variability and change [START_REF] Lott | Understorey microclimate and crop performance in a Grevillea robusta-based agroforestry system in semi-arid Kenya[END_REF][START_REF] Viswanath | Traditional Agroforestry Systems and Practices: A Review[END_REF].

African agriculture is dominated by smallholder farmers with food self-sufficiency being the main motivating factor (FAO, 2013;[START_REF] Tankou | Evaluation of smallholder farming systems in the Western Highlands of Cameroon[END_REF]Niles and Salemo, 2018;[START_REF] Partey | Gender and climate risk management: evidence of climate information use in Ghana[END_REF]. Climate change mitigation and adaptation measures therefore need to demonstrate that they can increase food production and provide multiple benefits capable of reducing vulnerability and enhancing resilience [START_REF] Appiah | Smallholder farmers' insight on climate change in rural Ghana[END_REF]Awazi and Tchamba, 2019). A multitude of studies have shown that agroforestry could provide multiple ecosystem services which therefore calls for more investment in the practice [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Nguyen | Multipurpose agroforestry as a climate change resiliency option for farmers: an example of local adaptation in Vietnam[END_REF][START_REF] Amare | Agroforestry of smallholder farmers in Ethiopia: Practices and benefits[END_REF]. Presently, the contributions of agroforestry practices to the reduction of vulnerability and enhancement of smallholder farmers' resilience faced with climate variability and change has not been substantially evaluated although there is growing evidence that the numerous ecosystem services provided by agroforestry systems could generate more financial capital which improves the capital accumulation of smallholder farmers (Noordwijk et al., 2011;[START_REF] Thorlakson | Reducing subsistence farmers' vulnerability to climate change: evaluating the potential contributions of agroforestry in western Kenya[END_REF]. Some studies in particular have shown that agroforestry has the capacity to increase carbon storage and produce more livelihood assets for smallholder farmers [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF]Awazi and Tchamba, 2019).

In Cameroon like other parts of sub-Saharan Africa, food-focused production systems are a quintessential part of the agricultural sector [START_REF] Kimengsi | Building an indigenous agro-pastoral adaptation framework to climate change in Sub-Saharan Africa: experiences from the North-West Region of Cameroon[END_REF][START_REF] Azibo | Understanding and Building on Indigenous Agro-Pastoral Adaptation strategies for Climate Change in Sub-Saharan Africa: Experiences from Rural Cameroon[END_REF][START_REF] Kimengsi | Preparedness of African Farmers for Climate Insurance. Empirical Evidence from Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]Awazi et al., 2019). These largely foodbased production systems are primarily controlled by smallholder farmers who constitute above 80% of the farming population [START_REF] Molua | Climate trends in Cameroon: implications for agricultural management[END_REF]. Agroforestry practices constitute a major part of these food-based production systems in Cameroon [START_REF] Asaah | Trees, agroforestry and multifunctional agriculture in Cameroon[END_REF][START_REF] Njongue | Assessing farmers' interest in Agroforestry practices around the Mount Cameroon National park (MCNP) in Cameroon[END_REF][START_REF] Munjeb | Farmer's perception of soil and watershed degradation and the assessment of soil nutrients status under agroforestry systems in the Western Highlands of Cameroon: Case of Ako sub division[END_REF]. However, despite the seemingly widespread nature of The second specific hypothesis of the study which states that -agroforestry practices categorized under the agrosilvicultural system are the most practiced by smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change‖ was inspired by the scientific findings of Atangana et al. (2014), [START_REF] Lasco | Smallholder farmers' perceptions of climate change and the roles of trees and agroforestry in climate risk adaptation: evidence from Bohol, Philippines[END_REF], [START_REF] Njongue | Assessing farmers' interest in Agroforestry practices around the Mount Cameroon National park (MCNP) in Cameroon[END_REF], [START_REF] Viswanath | Traditional Agroforestry Systems and Practices: A Review[END_REF], Awazi and Tchamba (2019) and Awazi et al. (2019). The findings of these research works demonstrated that most smallholder farmers take to agroforestry practices categorized or classified under the agrosilvicultural system (home gardens, trees on farmlands, improved fallows, live fences, Taungya, coffee-based agroforestry, and cocoa-based agroforestry) owing to the ease of management of these practices. These studies therefore guided the stating of this specific hypothesis.

The third specific hypothesis of the study which states that -provisioning services of agroforestry practices contribute the most towards reducing the vulnerability of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change‖ was inspired by the scientific works of [START_REF] Molua | Climate trends in Cameroon: implications for agricultural management[END_REF], [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF], [START_REF] Nguyen | Multipurpose agroforestry as a climate change resiliency option for farmers: an example of local adaptation in Vietnam[END_REF], [START_REF] Vaast | Trade-offs between crop intensification and ecosystem services: the role of agroforestry in cocoa cultivation[END_REF], [START_REF] Kumar | Multifunctional Agroforestry Systems in Tropics Region[END_REF]; [START_REF] Mkonda | The Potentials of Agroforestry Systems in East Africa: A Case of the Eastern Arc Mountains of Tanzania[END_REF], [START_REF] Amare | Agroforestry of smallholder farmers in Ethiopia: Practices and benefits[END_REF], and Awazi and Tchamba (2019). The findings of these research works showed that most smallholder farmers perceived provisioning services of agroforestry (food, fuelwood, traditional medicines, and building materials) as contributing towards aiding their adaptation efforts, thus reducing their vulnerability faced with climate variability and change.

It was therefore within this context that this specific hypothesis was stated.

The fourth and last specific hypothesis of the study which states that -provisioning services of agroforestry play the most important role towards enhancing the resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change‖ was inspired by the scientific works of [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF], [START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF], [START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF], Awazi andTchamba (2019), andAwazi et al. (2019). These studies found that, although agroforestry systems supply a plethora of ecosystem services, provisioning services play a critical role in improving smallholder farmers' adaptation to climate variability and change, which goes a long way to enhance their resilience.

As already mentioned, the main and specific hypotheses of the study were therefore inspired by the research works of various authors who carried out studies in different parts of Cameroon, Africa and the tropics, producing technically sound and scientifically robust research findings. This implies that the main and specific hypotheses of this study are sound and robust enough to stand rigorous scientific tests, evidenced by the soundness of the scientific works from which inspiration was drawn.

It is worth mentioning that most of these studies either focused on climate change mitigation and adaption through agroforestry or laid emphasis on other aspects of agroforestry. This study is one of the first to examine the contributions of agroforestry towards the reduction of vulnerability and the enhancement of resilience to climate variability and change in smallholder farming systems in Cameroon in general and the North-West Region of Cameroon in particular.

Significance of the study

The significance of this study has been articulated around three sub-themes: scientific, practical and theoretical significance.

In the scientific domain, this study contributes immensely to the enrichment of science owing to its novelty and originality. With climate change wreaking havoc all across the globe, the necessity to promote practices that contribute towards attenuating vulnerability and enhancing resilience becomes incumbent. It is within this framework that this study focuses on the contributions of agroforestry (a best practice) towards attenuating vulnerability and enhancing resilience of smallholder farmers to climate variability and change. Thus, scientifically, the results of this study are very important.

Practically, this study is very important to small-scale farmers, Non-Governmental Organizations (NGOs) as well as local, national and international policy makers. To smallholder farmers, this study contributes towards assisting them in reducing their 2007).

Climate change

According to the IPCC, climate change refers to a change in the state of the climate that can be identified (for example by using statistical tests) by changes in the mean and/or the variability of its properties, and that persists for an extended period, typically decades or longer (IPCC, 2001;IPCC, 2007). Climate change may be caused by both natural internal processes or external forcings such as modulations of the solar cycles, volcanic eruptions, and persistent anthropogenic changes in the composition of the atmosphere or in land use [START_REF] Mccarthy | Climate Change in the Context of Multiple Stressors and Resilience[END_REF]IPCC, 2007).

The United Nations Framework Convention on Climate Change (UNFCCC), in its Article 1, defines climate change as: -a change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in addition to natural climate variability is observed over comparable time periods‖ (UNFCCC, 2006).

The UNFCCC therefore distinguishes between climate change attributable mainly to anthropogenic forcings which alter the atmospheric composition, and climate variability attributable to natural causes.

Today, climate change usually refers to changes in modern climate which is sometimes qualified as anthropogenic or human induced climate change or "Global Warming" (USAID, 2007;[START_REF] Biermann | Earth system governance as a crosscutting theme of global change research[END_REF][START_REF] Fao | The State of Food Security and Nutrition in the World[END_REF].

Resilience to climate variability and change

The IPCC defines resilience to climate variability and change as -the ability of a social or ecological system to absorb disturbances while retaining the same basic structure and ways of functioning, the capacity for self-organization, and the capacity to adapt to stress and change.‖ Thus, the fundamental quality of resilience is the capacity to withstand shocks and rebuild when necessary (IPCC, 2001;IPCC, 2007). Following Turner et al, resilience refers to future actions that can improve a system's ability to cope with outside hazards [START_REF] Turner | A framework for vulnerability analysis in sustainability science[END_REF]. According to [START_REF] Folke | Resilience thinking: integrating resilience, adaptability and transformability[END_REF], resilience can be socio-ecological which refers to the capacity for transformation when systems cross certain thresholds.

Vulnerability to climate variability and change

According to Adger et al, vulnerability to climate variability and change is -the degree to which a system is susceptible to or unable to cope with the adverse effects of climate change, including climate variability and extremes‖ [START_REF] Adger | Assessment of adaptation practices, options, constraints and capacity[END_REF]. Vulnerability to the impacts of climate variability and change is therefore a function of exposure to extreme climate conditions, sensitivity to those conditions, and the capacity to adapt to the changes (IPCC, 2007).

Adaptation to climate variability and change

Smit and Wandel define adaptation as a process, or an action undertaken by a system to improve its resilience to shock, stress or risk [START_REF] Smit | Adaptation, adaptive capacity and vulnerability[END_REF].

Following the IPCC, adaptation to climate variability and change is defined as -the adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities‖ (IPCC, 2007).

Climate Change and Biodiversity (CBD) on its part defines adaptation as the responsive adjustment in natural or human managed systems to minimize the expected changes, its effects or impacts (CBD, 2008).

The IPCC categorizes adaptation to climate variability and change into two types: spontaneous and planned. Spontaneous adaptation occurs at the level of individuals whereas planned adaptation occurs at the level of the society or community [START_REF] Berry | Assessing the vulnerability of agricultural landuse and species to climate change and the role of policy in facilitating adaptation[END_REF].

In the domain of agriculture, Smit and Skinner categorized adaptation into four main types:

technological, on-farm adjustment practices, government policy including insurance, and diversification of household income sources [START_REF] Smit | Adaptation options in agriculture to climate change: A typology[END_REF].

Mitigation of climate change

The IPCC defines mitigation as an anthropogenic intervention to reduce the sources or enhance the sinks of greenhouse gases (IPCC, 2001). Mitigation can equally take the form of limiting or controlling emissions of greenhouse gases so that the total accumulation is limited. It may also encompass attempts to remove greenhouse gases from the atmosphere (IPCC, 2001).

Smallholder or small-scale farmers

The term smallholder farmers which is interchangeably used with the terms -small-scale‖, -resource poor‖ and occasionally -peasant‖ farmers, refers to those farmers owning smallbased plots of land on which they grow subsistence crops and one or two cash crops relying almost exclusively on family labour and for whom the farm provides the principal source of income [START_REF] Morton | The impact of climate change on smallholder and subsistence agriculture[END_REF][START_REF] Ojwang | Analysis of Climate Change and Variability Risks in the Smallholder Sector: Case studies of the Laikipia and Narok Districts representing major agro-ecological zones in Kenya[END_REF]IFAD, 2012). Generally, smallholder farmers are characterized by limited resource endowment relative to other farmers in the sector (ASAP, 2012).

Agroforestry

Agroforestry is a collective name for land-use systems and technologies where woody perennials (trees, shrubs, palms, bamboos) are deliberately used on the same land management units as agricultural crops and/or animals, in some form of spatial arrangement or temporal sequence [START_REF] Nair | Agroforestry Systems in the tropics[END_REF][START_REF] Nair | An introduction to agroforestry[END_REF]. In agroforestry systems, there are both ecological and economic interactions between the different components.

Agroforestry can also be defined as a dynamic, ecologically based, natural resource management system that, through the integration of trees on farms and in the agricultural landscape, diversifies and sustains production for increased social, economic and environmental benefits for land users at all levels [START_REF] Leakey | Definition of Agroforestry Revisited[END_REF]. Agroforestry systems are therefore multifunctional systems that can provide a wide range of economic, socio-cultural, and environmental benefits. According to Nair, there are three main types of agroforestry systems: agrosilvicultural systems which are a combination of crops and trees; silvopastoral systems which combine forestry and grazing of domesticated animals on pastures, rangelands or on-farm; and agrosilvopastoral systems where trees, animals and crops are integrated on the same land management unit [START_REF] Nair | An introduction to agroforestry[END_REF].

Effects of climate variability and change on smallholder farmers

Africa's smallholder farmers are increasingly being affected by climate change. Scholarship indicates that climate change has mainly adverse effects on Africa's smallholder farming communities. In a study carried out in Kenya, [START_REF] Herrero | Climate Variability and Climate Change: Impacts on Kenyan Agriculture[END_REF] found that climate change adversely affected smallholder farmers through recurrent droughts. [START_REF] Mary | Impacts of climate change, variability and adaptation strategies on agriculture in semi arid areas of Tanzania: The case of Manyoni District in Singida Region, Tanzania[END_REF] carried out a study in Tanzania, revealing that the recurrence of extreme climate events (changing rainfall and temperature patterns) led to increased risk of crop failure owing to the washing away of seeds and crops, stunted growth, poor seed germination, and withering of crops. It was equally found that, in the case of livestock, variations in rainfall patterns (decreased rainfalldrought) and increased rainfallfloods) led to a decrease in pasture and an increase in parasites and diseases. Similar findings have been reported by other studies carried out in Africa. [START_REF] Mortimore | Farmer adaptation, change and crisis in the Sahel[END_REF] for example, found that the timing of the onset of the first rains and other intra-seasonal factors such as the effectiveness of the rains in each precipitation, and the distribution and length of the period of rain during the growing season seriously affects crop-planting regimes as well as the effectiveness and success of farming. According to the IPCC (2007), changes in rainfall patterns and the quantity of rainfall affects soil moisture and the rate soil erosion, both prerequisites for crop growth and crop yields. All these negatively affect smallholder farmers.

In a study assessing the economic impact of climate change on agriculture in Cameroon, [START_REF] Molua | The Economic impact of Climate Change on Agriculture in Cameroon[END_REF] found that as temperatures increases, and precipitation decreases, net revenue dropped across all the surveyed farms. The study equally revealed that an increase in temperature by 2.5°C will lead to a drop in net revenues from agriculture in Cameroon by $0.5 billion. A 5°C increase in temperature on its part will lead to a drop in net revenues by $1.7 billion. A 7% decrease in precipitation will lead to a drop in net revenues by $1.96 billion and a 14% decrease in precipitation will lead to a drop in net revenues from crops by $3.8 billion. The study however, found that increases in precipitation will lead to an increase in net revenues. Based on these findings, smallholder farmers in Cameroon will be adversely affected by climate change through a fall in farm revenue.

On their part, [START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF], in a study carried out in the Volta region of Ghana found that climate change adversely affects rice farmers. These adverse effects were death of animals, loss of farming capital, heat stress, increase in social vices, shortage of water, slow development, and increased poverty and food insecurity. From these findings and those of other studies aforementioned, it could be said that climate change has mainly adverse or negative effects on smallholder farmers in Africa.

Adaptation options implemented by small-scale farmers faced with climate change

In Africa, small-scale farmers have adopted different adaptive options in order to improve their adaptive capacity faced with climate change. [START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF] while assessing rice farming in the Volta region of Ghana found that rain-fed lowland rice farmers practiced different adaptive choices amongst which were the application of fertilizers, water management control practices, alternation of planting dates, herbicide use, and the use of high yielding and disease resistant varieties. On their part, Kuwornu et al. (2013) in a study carried out in northern Ghana found that smallholder farmers adopted both indigenous and introduced (modern) adaptive options to improve their adaptive capacity to climate change. [START_REF] Molua | The Economic impact of Climate Change on Agriculture in Cameroon[END_REF] From the foregoing, smallholder farmers are adopting both indigenous and introduced adaptive measures to adapt to the adverse effects of climate change across Africa. However, very little has been done so far to assess vulnerability and adaptive capacity (resilience) of smallholder farmers in the face of climate change, through the use of agroforestry.

Agroforestry for mitigation of and adaptation to climate change adversities in smallholder farming systems

Studies have shown that in the face of climate change adversities, agroforestry systems like scattered trees on croplands, improved fallows, home gardens, cocoa-based, coffee-based and banana-based agroforests constitute sustainable, environmentally benign and climate-smart adaptive options practiced mostly by smallholder farmers in the tropics (Latin America. Asia, and Africa) ( FAO, 2010a;[START_REF] Thorlakson | Reducing subsistence farmers' vulnerability to climate change: the potential contributions of agroforestry in western Kenya[END_REF][START_REF] Rao | Climate variability and change: farmer perceptions and understanding of intra-seasonal variability in rainfall and associated risk in semi-arid Kenya[END_REF][START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF]and Awazi and Tchamba, 2019). Based on the findings of the aforementioned studies, agroforestry systems can provide several ecosystem services to smallholder farmers' raising their adaptive capacity to climatic variations and changes. The four ecosystem services laid out by the MEA report (Millennium Ecosystem Assessment report) of 2005 i.e. regulating, provisioning, supporting and cultural services) (MEA, 2005), can all be obtained from agroforestry systems. The provisioning services obtained from agroforestry systems (fiber, medicines, food, building materials, wood) can assist smallholder farmers to increase their sources of incomeimproving their adaptive capacity to climate change [START_REF] Zomer | Trees on Farm: Analysis of Global Extent and Geographical Patterns of Agroforestry[END_REF][START_REF] Syampungani | The potential of using agroforestry as a win-win solution to climate change mitigation and adaptation and meeting food security challenges in Southern Africa[END_REF]FAO, 2010a;[START_REF] Thorlakson | Reducing subsistence farmers' vulnerability to climate change: the potential contributions of agroforestry in western Kenya[END_REF]Noordwijk et al., 2011;Nguyen et al., 2012;[START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF].

Sub-Saharan Africa has experienced a major decline in soil fertility caused principally by extreme weather/climate events like droughts, floods, and desertification, all triggered by climate change (Mboh et al., 2013). Sustainable agriculture is highly affected by declining soil fertility levelsas such agricultural practices depend largely on the natural fertility of the soil. Top soil erosion is the main cause of soil degradation and this is worsened by the washing away of crop residues and surface litter [START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF]. In sub-Saharan Africa, poor agricultural policies, as well as high cost and scarcity of mineral fertilizers have made sustainable and climate-smart practices like agroforestry to come to the limelight (Mbow et al., 2014). Studies have shown that agroforestry has huge potentials to improve soil fertility [START_REF] Charles | Agroforestry as Adaptation Strategy under Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF][START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF][START_REF] Charles | Agroforestry as a Resilient Strategy in Mitigating Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF][START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF]. Based on the findings of these studies, the practice of agroforestry on farms enhances biological nitrogen fixation by leguminous trees/shrubs and increase soil organic matter. Also, they state that the presence of trees on farms improves the cycling of nutrients thereby enriching the soil with organic matter and nutrients while simultaneously contributing towards the improvement of soil structural properties. Thus, trees contribute towards improving organic matter in the soil, soil moisture conservation through the tapping of water from deeper layers of the soil and leaching prevention, as well as nutrients recovery. All these go to maintain soil fertility while enhancing smallholder farmers' adaptive capacity faced with climate change adversities.

In the present dispensation of recurrent extreme weather/climatic events caused by climate change, studies have shown that the yield gap can be reduced tremendously through the practice of agroforestry (Nguyen et al. 2012;[START_REF] Ekpo | Agroforestry practice as adaptation tools to climate change hazards in Itu Lga, Akwa Ibom state, Nigeria[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF]and Awazi and Tchamba, 2019). These studies demonstrated the existence of a plethora of successful agroforestry technologies some of which included: rapidly growing trees/shrubs for fuelwood, medicinal trees/shrubs, local fruit trees/shrubs providing added income and nutrition, and trees/shrubs contributing towards soil fertility improvement. Following these studies, it is important to distinguish between simple or less complex agroforestry practices (like intercropping practices, hedgerow, and alley cropping) and complex agroforestry practices functioning more or less like natural forests ecosystems, found in agricultural management systems. This is because in the face of climate change adversities, trade-offs need to be made between crop yields and the sustainability of the system. Faced with adverse climatic variations and changes, simple agroforestry practices are generally less sustainable than complex agroforestry (Awazi and Tchamba, 2019). Nevertheless, complex agroforestry systems produce far lesser crop yields than simple agroforestry practices. Thus, in the face of climatic variations and changes, simple agroforestry practices produce more crop yields but are less sustainable while complex agroforestry practices produce fewer crop yields but are more sustainable (Awazi and Tchamba, 2019). This therefore, calls for a trade-off in both systems.

From the foregoing, agroforestry practices/systems therefore, have the potential and capacity to increase the diversity of agro-ecosystems, provide several assets to farmers, and improve sustainable agricultural production which helps to enhance smallholder farmers' adaptation efforts in the face of climate change adversities [START_REF] Charles | Agroforestry as a Resilient Strategy in Mitigating Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF].

Causes of smallholder farmers' vulnerability to the impacts of climate variability and change

Smallholder farmers are amongst the most vulnerable to the adverse effects of climate variability and change, and several factors account for this vulnerability. Following the findings of [START_REF] Rurinda | Vulnerability and adaptation to climate variability and change in smallholder farming systems in Zimbabwe[END_REF] From the findings of the aforementioned studies, it could be safely said that smallholder farmers in Cameroon, Africa and most of the developing world are highly vulnerable to the adverse effects of climate variability and change. , 2005). Provisioning services in particular (food, fibre, medicines, wood, and building materials) provided by agroforestry practices help smallholder farmers to diversify their income sources thereby aiding their adaptation effort, thus making them more resilient in the face of climate variability and change [START_REF] Zomer | Trees on Farm: Analysis of Global Extent and Geographical Patterns of Agroforestry[END_REF]FAO, 2010a;[START_REF] Syampungani | The potential of using agroforestry as a win-win solution to climate change mitigation and adaptation and meeting food security challenges in Southern Africa[END_REF]Noordwijk et al., 2011;[START_REF] Thorlakson | Reducing subsistence farmers' vulnerability to climate change: the potential contributions of agroforestry in western Kenya[END_REF]Nguyen et al., 2012;[START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF]Mbow et al., 2013a;[START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF][START_REF] Quandt | The role of agroforestry in building livelihood resilience to floods and droughts in semi-arid Kenya[END_REF][START_REF] Quandt | Building livelihood resilience: what role does agroforestry play?[END_REF].

Agroforestry for vulnerability attenuation and resilience

Today, soil fertility decline is a major concern in sub-Saharan Africa due mainly to different drivers amongst which is increasing variability and change in climate patterns. This steady decline is soil fertility seriously affects sustainable agriculture (Mboh et al., 2013a). Soil degradation is the direct result of top soil erosion which is exacerbated by the washing away of surface litter and crop residues. With the scarcity and high cost of mineral fertilizers coupled with the lackluster performance of agricultural policies in most sub-Saharan African countries, discussions on sustainable best practices like agroforestry have gained grounds [START_REF] Mbow | Agroforestry solutions to address food security and climate change challenges in Africa[END_REF]). Agroforestry's potential to enhance soil fertility has been documented by several studies. These studies spearheaded by Mbow et al. (2013a), [START_REF] Mbow | Agroforestry solutions to address food security and climate change challenges in Africa[END_REF], [START_REF] Charles | Agroforestry as Adaptation Strategy under Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF], [START_REF] Charles | Agroforestry as a Resilient Strategy in Mitigating Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF] all argue that the practice of agroforestry on farms increases soil organic matter and biological nitrogen fixation especially by leguminous trees.

They further state that trees on farms enhance nutrient cycling and enrich the soil with nutrients and organic matter while at the same time improving the structural properties of the soil. Hence, trees help to improve soil organic matter, recover nutrients and conserve soil moisture through water tapping from deeper soil horizons and prevention of leaching, thereby maintaining the fertility of the soil which goes a long way to reduce vulnerability and enhance resilience to climate variability and change.

Studies have also shown that agroforestry has huge potentials to reduce the yield gap in the context of increasing variability and changes in climate. These studies led by [START_REF] Ekpo | Agroforestry practice as adaptation tools to climate change hazards in Itu Lga, Akwa Ibom state, Nigeria[END_REF], Nguyen et al. (2012), [START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF] and Awazi and Tchamba (2019) demonstrate that there are a good number of successful agroforestry technologies like trees providing medicinal plant products, fast growing trees for fuelwood, indigenous fruit trees that provide added nutrition and income, as well as trees that improve soil fertility. These authors however spell out the necessity to differentiate between complex agroforestry practices integrated in agricultural management systems which function more or less like natural forests ecosystems and simple agroforestry practices (such as hedgerow, alley cropping and intercropping practices). This is because compromises and/or trade-offs need to be made between sustainability of the system and crop yields, faced with climate variability and change. Complex agroforestry practices are generally more sustainable than simple agroforestry practices, in the face of climate variability and change (Awazi and Tchamba, 2019). However, simple agroforestry practices produce more crop yields than complex agroforestry practices in the face of climate variability and change (Awazi and Tchamba, 2019). Some compromise and/or trade-off is therefore needed in both systems.

Thus, agroforestry practices have the capacity to provide farmers with numerous assets, enhance sustainable agricultural production and increase agro-ecosystem diversity which helps reduce vulnerability and build resilience, faced with the adverse effects of climate variability and change [START_REF] Charles | Agroforestry as a Resilient Strategy in Mitigating Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF].

Classification of and major tradeoffs in agroforestry systems

Classification of agroforestry systems in sub-Saharan Africa

Agroforestry systems can be categorized based on several criteria which include structural basis (spatial arrangement of the woody component, vertical stratification of all the components, and temporal arrangement of the different components); functional basis (the major function of the system, especially the role of the woody component); socioeconomic basis (intensity of management and commercial goals); Ecological (environmental condition and ecological suitability of systems) [START_REF] Nair | An introduction to agroforestry[END_REF][START_REF] Atangana | Major Agroforestry Systems of the Humid Tropics[END_REF]. Based on all these criteria, three main agroforestry systems emerge: agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems. These three major agroforestry systems are made up of several different practices [START_REF] Rao | Adaptation to Climate Change through Sustainable Management and Development of Agroforestry Systems[END_REF]. The agrosilvicultural system for example is made up of practices like improved fallows, Taungya, alley cropping, tree gardens, multipurpose trees on croplands, home gardens, live fences [START_REF] Viswanath | Traditional Agroforestry Systems and Practices: A Review[END_REF]). The silvopastoral system on its part is made up of practices like trees on rangelands, fodder banks, estate crops with pasture. Meanwhile the agrosilvopastoral system consists of practices like home gardens with livestock, multipurpose woody hedgerows, aquaforestry. All these agroforestry systems and practices are ubiquitous in sub-Saharan Africa [START_REF] Amonum | Agroforestry Systems in Nigeria: Review of Concepts and Practices[END_REF]Mbow et al., 2013a;Awazi and Tchamba, 2019).

Major trade-offs in agroforestry systems in sub-Saharan Africa

In sub-Saharan Africa, food-based production systems are a major part of the agricultural setup. With the population growing very rapidly, there is increasing urgency to increase food production in order to meet the growing food needs. It is for this reason that most smallholder farmerswho constitute a bulk of the farming population, have resorted to unsustainable but high food yielding agricultural systems. This therefore means that sustainability is compromised in favour of crop yields. It is within this backdrop that agroforestry systems come in. Agroforestry systems are sustainable, agro-ecological and climate-smart, providing the four ecosystem services defined by the Millennium Ecosystem Assessment report (MEA, 2005). These include provisioning services (fibre, food, fodder, fuelwood, timber, water, finance); regulating services (climate regulation, disease, flood, waste, and water quality control); cultural services (recreation, aesthetics, spiritual); and supporting services (soil formation, photosynthesis, nutrient cycling) [START_REF] Kumar | Multifunctional Agroforestry Systems in Tropics Region[END_REF][START_REF] Mkonda | The Potentials of Agroforestry Systems in East Africa: A Case of the Eastern Arc Mountains of Tanzania[END_REF].

Agroforestry therefore has the potential to ensure the sustainability of farming systems while at the same time enhancing food production [START_REF] Atangana | Major Agroforestry Systems of the Humid Tropics[END_REF]. There is however some tradeoff to be made between the conflicting goals of food production and attaining sustainability (Mbow et al., 2013a;[START_REF] Vaast | Trade-offs between crop intensification and ecosystem services: the role of agroforestry in cocoa cultivation[END_REF]. This is because while agroforestry systems can play a very big role in ensuring sustainability of agricultural systems, their role in the enhancement of food production is not too significant (Awazi and Tchamba, 2019). Nevertheless, agroforestry's collective role in balancing out both food production and sustainability is far greater than many other farming systems [START_REF] Andreotti | Trade-off Analysis and Optimization of Ecosystem Services in Agroforestry Systems[END_REF] thus the necessity for smallholder farmers to practice agroforestry, especially in the prevailing dispensation of climate variability and change.

Tree diversity and density in agroforestry systems in sub-Saharan Africa

In sub-Saharan Africa, studies have shown that tree densities in agroforestry systems range from as low as 5% tree cover in the Sahel to above 45% tree cover in the humid tropical zones where oil palm, cocoa and coffee agroforestry systems dominate [START_REF] Mbow | Agroforestry solutions to address food security and climate change challenges in Africa[END_REF].

In the same light, this study found that in sub-Saharan Africa, 15% of farms have at least a tree cover of 30%. [START_REF] Endale | Farmland tree species diversity and spatial distribution pattern in semi-arid East Shewa, Ethiopia[END_REF] in a study conducted in the semi-arid East Shewa region of Ethiopia found that agroforestry systems are characterized by varied levels of tree diversity. According to the findings of this study, 77 tree species belonging to 32 families were identified. The study however found that tree diversity varied across different land uses (woodlots, home gardens, croplands and line plantings), with the highest diversity occurring in line plantings and the lowest in woodlots. [START_REF] Ajake | The role of forest trees in indigenous farming systems as a catalyst for forest resources management in the rural villages of Cross Rivers state Nigeria[END_REF] in a study conducted in the Cross River State of Nigeria found that a diversity of forest and non-forest tree species was found in the farming systems of the indigenous population. In total, 19 indigenous tree species were commonly found in the farming systems of the local population. Zomer et al. (2014) found that tree cover in agricultural lands in sub-Saharan Africa, increased by 2% between the years 2000 to 2010. This increase is however slow when compared to South America (12.6% increase), South Asia (6.7% increase), East Asia (5% increase), Oceania (3.2% increase), and Southeast Asia (2.7% increase) (Zomer et al., 2014). Meanwhile [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF] in studies conducted in Ethiopia and Kenya found high levels of tree diversity and density in different agroforestry systems like home gardens, rotational woodlots, alley cropping, live fences, and fodder banks.

However, the highland home garden agroforestry system of the Gedeo region of Ethiopia was found to have a higher tree diversity and density than the arid pastoral agroforestry system in the Afar region located in North-Eastern Ethiopia. In Kenya, agroforestry systems in the Meru highlands were found to have more tree diversity and density than their counterparts in the Kibwezi district which is more arid. In the same light, [START_REF] Negawo | The Role of Coffee Based Agroforestry System in Tree Diversity Conservation in Eastern Uganda[END_REF] equally conducted a study in the Eastern part of Uganda which demonstrated that coffee-based agroforestry systems were characterized by high levels of tree diversity which contributed enormously to tree resources conservation in Eastern Uganda.

Theoretical and conceptual frameworks

Theoretical framework

This study is modeled around the determinants of smallholder farmers' practice of agroforestry and choice of agroforestry system faced with climate variability and change.

With climate variability and change wreaking havoc on smallholder farming systems, smallholder farmers are increasingly making use of agroforestry to reduce vulnerability and enhance resilience to climate variability and change. Assessing the determinants of smallholder farmers' practice of agroforestry and choice of agroforestry system in the face of climate variability and change is therefore imperative. To do this, the study adapts the random utility model developed by [START_REF] Greene | Econometric Analysis. 5th Edition[END_REF]. Thus, suppose that Y j and Y k represent a smallholder farmer's utility for two agroforestry systems, which are denoted by U j and U k , respectively. The linear random utility model could then be expressed as follows:

and Equation 2.1

Where U j and U k are hypothesized utilities of agroforestry system j and k respectively, X i is the vector of independent variables that influence the perceived desirability of the system, j and k are parameters to be estimated, and j and k are error terms assumed to be independently and identically distributed [START_REF] Greene | Econometric Analysis. 5th Edition[END_REF].

In order to reduce vulnerability and enhance resilience to climate variability and change, if a smallholder farmer decides to use agroforestry system j, it follows that the perceived benefit from agroforestry system j is greater than the benefit from other agroforestry systems (say k).

This can be demonstrated as follows:

> , k ≠ j Equation 2.2
The probability that a smallholder farmer, in the face of climate variability and change will use agroforestry system j among the set of different agroforestry systems could be expressed as:

( ) ( ) ( ) Equation 2.3
Where P is a probability function, U ij , U ik ,, and X i are as defined above, * =is a random disturbance term, β j * = (β' j -β' k ) is a vector of unknown parameters that can be interpreted as a net influence of the vector of independent variables influencing the implementation of a given agroforestry system, and F( X i ) is a cumulative distribution function of * evaluated at β*X i . The exact distribution of F depends on the distribution of the random disturbance term, *. Following [START_REF] Greene | Econometric Analysis. 5th Edition[END_REF], a multitude of qualitative choice models can be estimated depending on the assumed distribution that the random disturbance term follows.

For this study, the multinomial logit (MNL) regression model was used. This model has been used by several studies [START_REF] Kurukulasuriya | Crop selection: Adapting to climate change in Africa[END_REF][START_REF] Deressa | Analyzing the Determinants of Farmers' Choice of Adaptation Methods and Perceptions of Climate Change in the Nile Basin of Ethiopia[END_REF][START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF]Kuwornu et al., 2013;[START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF] to explain the determinants of farmers' choices of adaptation options when faced with climate variability and change.

However, this study investigated the determinants of the choice of agroforestry systems used by smallholder farmers to reduce vulnerability and enhance resilience to climate variability and change. According to Wooldridge (2002) and Koch (2007) the strengths of the multinomial logit (MNL) regression model include: permitting the analysis of decisions across more than two categories; allowing the determination of choice probabilities for different categories, as well as the ease of interpreting estimates of the model.

In order to describe the multinomial logit (MNL) regression model, we consider that y represents a random variable (in this case different agroforestry systems of smallholder farmers) with the values (1, 2...J) for J, a positive integer, and consider that x represents a set of explanatory variables. Hence y represents categories (different agroforestry systems) and x denotes smallholder farmers' attributes: access to information, access to land, household income, access to extension services, access to credit. The question is how cetiris paribus changes in the elements of x affect the response probabilities P (y = j / x), j =1, 2,....J. Since the probabilities must sum to unity, P(y = j / x) is determined once we know the probabilities for j = 2,...J .

Suppose x to be a 1× K vector with first element unity. The MNL model has response probabilities as follows:

P (y = j / x) = ∑ Equation 2.4
Where β j is K × 1, j = 1 ………………..J However, unbiased and consistent parameter estimates of the multinomial logit (MNL) regression model require the assumption of Independence of Irrelevant Alternatives (IIA) to hold. This implies that the probability of choosing a certain agroforestry system by a given smallholder farmer needs to be independent from the probability of choosing another agroforestry system (that is, P j /P k is independent of the remaining probabilities). The premise of the IIA assumption is the independent and homoskedastic disturbance terms of the basic model in equation 2.1.

The parameter estimates of the MNL regression model provide only the direction of the effect of the independent variables on the dependent (response) variable, but estimates do not represent either the actual magnitude of change nor probabilities. Differentiating equation 2.1 with respect to the explanatory variables provides marginal effects of the explanatory variables given as:

= ( ∑ ) Equation 2.5
The marginal effects are usually derived to explain the effects of the independent variables on the dependent variable in terms of probabilities as seen in equation 2.5. The marginal effects measure the expected change in the likelihood of choice of a particular dependent variable with respect to a unit change in the independent or exogenous variable [START_REF] Greene | Econometric Analysis. 5th Edition[END_REF].

Variables considered for the multinomial logistic (MNL) regression model

The model integrated both explanatory variables and the dependent variable:

A. Explanatory variables

The exogenous, independent or explanatory variables that influence smallholder farmers' choice of agroforestry system in the face of climate variability and change in Mezam division, North-West Region of Cameroon were broadly classified under three main headings namely: socio-economic, institutional and environmental factors.

(a) Socio-economic factors

Several studies have been undertaken in different parts of Africa and the tropics demonstrating that socio-economic factors such as age, level of education, sex, land tenure, level of income, training, information received and so forth tremendously influence smallholder farmers' choice of adaptation options when face with the effects of climate variability and change [START_REF] Deressa | Analyzing the Determinants of Farmers' Choice of Adaptation Methods and Perceptions of Climate Change in the Nile Basin of Ethiopia[END_REF][START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Taruvinga | Barriers and opportunities to climate change adaptation in rural Africa: Evidence from the Eastern Cape Province of South Africa[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]Awazi et al., 2019). For this study, the hypothesized socio-economic factors determining the choice of agroforestry system of smallholder farmers to reduce vulnerability and enhance resilience faced with climate variability and change were: household size, sex of household head, age of household head, number of farms, farm size, farm experience, educational level of household head, access to land, and household income.

(b) Institutional factors

Equally, studies on adaptation to climate variability and change undertaken in different parts of Africa and the tropics have shown that institutional factors largely influence smallholder farmers' choice of adaptation options. Some of these institutional factors such as access to credit, integrated warning systems, frequency of agricultural extension visits and existence of markets largely determine smallholder farmers' choice of adaptation options [START_REF] Nhemachena | Micro-Level Analysis of Farmers' Adaptation to Climate Change in Southern Africa[END_REF][START_REF] Hassan | Determinants of African farmers' Strategies for Adapting to Climate Change: Multinomial Choice Analysis[END_REF][START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF][START_REF] Deressa | Factors Affecting the Choices of Coping Strategies for Climate Extremes: The Case of Farmers in the Nile Basin of Ethiopia[END_REF][START_REF] Mandleni | Climate Change Awareness and Decision on Adaptation Measures by Livestock Farmers[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Taruvinga | Barriers and opportunities to climate change adaptation in rural Africa: Evidence from the Eastern Cape Province of South Africa[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]Awazi et al., 2019). For this study the hypothesized institutional variables influencing smallholder farmers' choice of agroforestry system to reduce vulnerability and enhance resilience to climate variability and change were: access to credit, access to information, access to extension services, and access to markets.

(c) Environmental factors

A multitude of studies have been undertaken in Africa and the tropics showing that environmental factors especially temperature, rainfall, sunshine and storms go a long way to influence smallholder farmers' choice of adaptation options when faced with the adverse impacts of climate variability and change [START_REF] Nhemachena | Micro-Level Analysis of Farmers' Adaptation to Climate Change in Southern Africa[END_REF][START_REF] Hassan | Determinants of African farmers' Strategies for Adapting to Climate Change: Multinomial Choice Analysis[END_REF][START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF][START_REF] Deressa | Factors Affecting the Choices of Coping Strategies for Climate Extremes: The Case of Farmers in the Nile Basin of Ethiopia[END_REF][START_REF] Mandleni | Climate Change Awareness and Decision on Adaptation Measures by Livestock Farmers[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Mensah-Bonsu | Intensity of and factors affecting land and water management practices among smallholder maize farmers in Ghana[END_REF]Awazi et al., 2019). In this study, the hypothesized environmental factor influencing smallholder farmers' choice of agroforestry system to reduce vulnerability and enhance resilience to climate variability and change was: variation in climate parameters (rainfall and temperature).

B. Dependent variable

The dependent variable for this study was the different agroforestry practices implemented by smallholder farmers in their farming systems, faced with climate variability and change.

However, most scholarship found that smallholder farmers' adaptation measures are always numerous, hence the need to categorize them into fewer and more comprehensive groups in order to ease analysis [START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF][START_REF] Deressa | Factors Affecting the Choices of Coping Strategies for Climate Extremes: The Case of Farmers in the Nile Basin of Ethiopia[END_REF][START_REF] Kuwornu | Determinants of choice of indigenous climate related strategies by smallholder farmers in Northern Ghana[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]Awazi et al., 2019). This research work therefore followed a similar framework by categorizing the numerous agroforestry practices taken up by smallholder farmers into three major categories: agrosilvicultural; silvopastoral; agrosilvopastoral agroforestry systems with the reference category being -No Agroforestry‖.

Agroforestry practices categorized under agrosilvicultural agroforestry system were home gardens, coffee-based agroforestry, trees on croplands, live fences/hedges, Taungya, and improved fallows. Agroforestry practices categorized under silvopastoral agroforestry system were trees on grazing lands and fodder banks. Agroforestry practices categorized under the agrosilvopastoral agroforestry system were home gardens with livestock, and trees on rangelands with crops. The -No Agroforestry‖ category stood alone and constituted the reference category for the multinomial logit regression model.

Conceptual framework

The conceptual framework of the study is articulated around two major sub-concepts: vulnerability and resilience.

Vulnerability framework

The study makes use of the indicator method to examine the vulnerability of smallholder Exposure is interpreted as the direct danger (i.e., the stressor), and the nature and extent of changes to a region's climate variables (e.g., temperature, precipitation, extreme weather events) while sensitivity describes the human-environmental conditions that can worsen the hazard, ameliorate the hazard, or trigger an impact. Adaptive capacity on its part represents the potential to implement adaptation measures that help avert potential impacts.

In this study, exposure hinges on two main elements; frequency of climate extremes and predicted changes in temperature and rainfall:

One of the main constraints to agriculture in the North-West Region of Cameroon is extreme climate events, which historically included frequent storms and prolonged dry spells. Hence with such recurrent extreme climate events, crop production is more risky. Predicted change in temperature and rainfall for Mezam division, North-West Region of Cameroon shows that there will be increased temperature and decreased rainfall in the coming decades (Tingem et al., 2008). These changes will expose smallholder farming systems (agroforestry and nonagroforestry systems) to greater extreme climate events to which they would have more difficulties adjusting thereby negatively impacting farm production.

Pertaining to sensitivity, the study examines four factors that influence sensitivity to climate variability and change for a predominantly agricultural zone like Mezam division, North-West Region of Cameroon; percentage of smallholder farmers, rural population density, rate of irrigation, and number of farmers taking to climate-smart practices like agroforestry:

Firstly, it is hypothesized that the percentage of smallholder farmers in an area greatly influences sensitivity [START_REF] Turner | A framework for vulnerability analysis in sustainability science[END_REF]. This is because smallholder farmers in most cases are subsistence farmers with less capital-intensive technologies and management practices.

Thus, a zone like Mezam division, North-West Region of Cameroon with a large number of smallholder farmers is highly sensitive to climate variability and change. Secondly, it is hypothesized that rural population density has a direct influence on sensitivity to climate variability and change (Gbetibouo and Ringler, 2009). This is because rural Last but not the least the practice of sustainable and climate-smart farming systems like agroforestry also influences sensitivity (FAO, 2016). This is because agroforestry practices permit diversification in the farming system thereby limiting sensitivity to climate variability and change. In Mezam division, North-West Region of Cameroon, the increasing drive towards monoculture systems in order to have better crop yields makes smallholder farming systems (agroforestry and non-agroforestry systems) in the region highly sensitive to the vagaries of climate variability and change.

With respect to adaptive capacity, emphasis was laid on four livelihood assets; social capital, human capital, financial capital, and physical capital:

To start with, social capital consists of farm organizations (the number of farmers in organized agriculture). It is hypothesized that social capital positively influences adaptive capacity (resilience) to climate variability and change (IPCC, 2001;[START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Fongnzossie | Assessing climate change vulnerability and local adaptation strategies in adjacent communities of the Kribi-Campo coastal ecosystems, South Cameroon[END_REF][START_REF] Quandt | Measuring livelihood resilience: the household livelihood resilience approach (HLRA)[END_REF][START_REF] Quandt | Variability in perceptions of household livelihood resilience and drought at the intersection of gender and ethnicity[END_REF]Awazi et al., 2019). This is because Secondly, human capital embodies literacy rate and rate of prevalence of HIV/AIDS and other diseases. On the whole, increased literacy enhance adaptive capacity because it increases farmers' capabilities and access to information, thereby improving their ability to cope with adversities, meanwhile higher rates of prevalence of HIV/AIDS and other diseases reduce adaptive capacity because it renders smallholder farmers unhealthy and unable to farm (Gbetibouo and Ringler, 2009;[START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]. High rates of illiteracy coupled with relatively high rates of prevalence of HIV/AIDS and other diseases amongst smallholder farmers reduce adaptive capacity of smallholder farming systems (agroforestry and non-agroforestry systems) in Mezam division, North-West Region of Cameroon faced with climate variability and change.

In addition, financial capital which consists of farm income, farm holding size, farm assets and access to credit seriously influences adaptive capacity. It is hypothesized that higher farm income, larger farms, greater farm value assets, and more access to credit contribute to a better adaptive capacity in the face of climate variability and change [START_REF] Turner | A framework for vulnerability analysis in sustainability science[END_REF]IPCC, 2007;[START_REF] Quandt | Measuring livelihood resilience: the household livelihood resilience approach (HLRA)[END_REF]. This is because these assets permit the farmers to acquire better agricultural technologies and inputs which go a long way to aid the farmers' adaptation drive in the face of climate variability and change. In Mezam division, North-West Region of Cameroon, farm income is low, farm sizes are small, farm value assets are few, and there is limited access to credit facilities which limit adaptive capacity of smallholder farming systems (agroforestry and non-agroforestry systems) in the face of climate variability and change.

Last but not the least; physical capital embodies infrastructure and access to markets. It is hypothesized that good infrastructural facilities help to beef-up famers' adaptive capacity to climate variability and change (Deressa et al., 2009;[START_REF] Fongnzossie | Assessing climate change vulnerability and local adaptation strategies in adjacent communities of the Kribi-Campo coastal ecosystems, South Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF][START_REF] Quandt | Measuring livelihood resilience: the household livelihood resilience approach (HLRA)[END_REF]Awazi et al., 2019). This is because, improved infrastructure reduce transactions costs, and strengthen the links between labour and product markets.

Markets on their part are a means of linking people both spatially and over time. Better and easily accessible markets therefore enhance smallholder farmers' adaptive capacity in the face of climate variability and change (Gbetibouo and Ringler, 2009). However, Mezam division, North-West Region of Cameroon is characterized by few infrastructural facilities and limited properly functional markets (especially in smallholder farming communities) which go to limit the adaptive capacity of smallholder farming systems (agroforestry and non-agroforestry systems).

Resilience framework

The concept of resilience is very important in the context of studies pertaining to climate variability and change. It is a concept which examines the coping capacity of individuals, households, communities and even countries in the face of climate variability and change.

Resilience focuses on a desired pathway of development, often assessed in terms of GDP per capita, yield, household income, or agricultural production [START_REF] Gordon | The science of climate change in Africa: Impacts and Adaptation, Grantham Institute for Climate Change, Discussion Paper number 1[END_REF] circumstances, smallholder farming systems withstand these stresses or shocks. However, in other situations, smallholder farming systems are adversely affected, recovering either rapidly or slowly. At other times, the stresses or shocks become too much that recovery becomes impossible and the system collapses. This occurs for example when a major fire ravages a smallholder farm or a storm pulls down a large number of cash crops (banana, rubber, oil palms) in a smallholder farm. It must however be said that there are usually appropriate countermeasures for each stress or shock.

One of such countermeasures which constitute the main thrust of this study is agroforestry.

Agroforestry is an agro-ecological, environmentally benign and climate-smart practice. In this study, it was hypothesized that smallholder farmers practicing agroforestry are more resilient to climate variability and change, than their counterparts involved in non-agroforestry practices. This has been attributed to the many ecosystems services provided by agroforestry systems when compared to non-agroforestry systems. Studies such as those conducted by Farming is highly dependent on rainfall with very few farmers practicing irrigation. The major crops grown here include food, cash and market gardening crops. 

Sampling procedure

A multiple-phase sampling procedure was followed in the study, as used by other scientific works [START_REF] Hadgu | Farmers' climate change adaptation options and their determinants in the Tigray Region, Northern Ethiopia[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]Awazi et al., 2019).

At the first phase, the study area (Mezam division) was selected purposively owing to the high levels of vulnerability of its smallholder farmers to extreme weather events as reported by agricultural, environmental and livestock officials in Mezam division, North-West Region of Cameroon as well as other scientific research studies [START_REF] Gur | The Implications of Climate Variability on Market Gardening in Santa Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Innocent | Climate variability and change in the Bamenda Highlands of The North-West Region of Cameroon: Perceptions, Impacts and Coping mechanisms[END_REF] carried out in the division. According to the reports of these officials as well as other scientific research studies, the presence of many smallholder farmers who depend almost exclusively on rainfall for agriculture as well as endemic poverty among farmers in the area makes the area a hot bed for high levels of vulnerability to extreme weather events.

At the second phase, the seven (07) sub-divisions (Bafut, Bali, Bamenda I, Bamenda II, Bamenda III, Santa and Tubah) (Table 3.1) found in Mezam division were grouped into four strata based on their geographical location with respect to the road junction town of Bamenda.

These four strata were: the Northern flank (Bafut and Bamenda II sub-divisions), the Southern flank (Bamenda I and Santa sub-divisions), the Western flank (Bali and Bamenda II subdivisions), and the Eastern flank (Bamenda III and Tubah sub-divisions). From these four strata, five sub-divisions were selected with the aid of agricultural extension officials. The five sub-divisions selected were Bamenda I, Bamenda II, Bamenda III, Tubah and Santa (Table 3.1). From these five sub-divisions, ten villages were selected still with the aid of agricultural extension officials. It is worth mentioning that at least one village was selected from each of Husbandry (appendix 1, appendix 6 and appendix 8). Focus group discussions (FGDs) and key informant interviews (KIIs) were conducted in order to obtain vital information about the situation on the ground and to identify potential smallholder farmers to be sampled during the household surveys.

At the fourth phase, stratified random sampling of smallholder farmers was undertaken in the selected villages. Smallholder farmers were stratified into two groups: agroforestry practitioners and non-agroforestry practitioners. Random sampling was then conducted in both strata (agroforestry practitioners and non-agroforestry practitioners). In this light, forty (40) smallholder farmer household heads were randomly sampled in the selected villages of Mankon, Nkwen, Bambui, Bambili, and Akum; while 30 smallholder farmer household heads were sampled in the villages of Kedjom Keku, Mendakwe, Mbei-Santa, Njong-Santa and

Awing. Thus, a total of 350 smallholder farmer household heads were sampled in the 10 selected villages (Table 3.2). Equally, the agroforestry and non-agroforestry farm plots of smallholder farmers in the different villages were surveyed during which the different crop, livestock and tree species found in them were identified. A total of 200 agroforestry farm plots and 70 non-agroforestry farm plots of smallholder farmers were surveyed in the ten villages (Table 3.3). 

Data collection procedure

Both secondary and primary data was collected for the study (Figure 3.3).

Secondary data collection

Secondary data mainly on past temperature and rainfall (appendix 2, appendix 3 and appendix 4) was collected from the Regional Service of Meteorology for the North-West Region (Bamenda-Station). Equally, several research papers and articles, book chapters and books related to the subject matter of the study were sourced both online and offline during the review of literature. Related studies undertaken in the North-West Region of Cameroon have used a similar data collection approach [START_REF] Kimengsi | Preparedness of African Farmers for Climate Insurance. Empirical Evidence from Cameroon[END_REF][START_REF] Azibo | Understanding and Building on Indigenous Agro-Pastoral Adaptation strategies for Climate Change in Sub-Saharan Africa: Experiences from Rural Cameroon[END_REF]Awazi et al., 2019).

Primary data collection

Qualitative and quantitative methods were employed during primary data collection in the study sites as used by other related studies conducted in the North-West Region of Cameroon [START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]Awazi et al., 2019). Household surveys, field surveys (inventories), focus group discussions (FGDs), key informant interviews (KIIs), and direct field observations (DFOs) were the main methods used to collect primary data. Thus, both biophysical and socio-economic primary data was collected for the study.

A large part of the primary data was collected via household surveys, using semi-structured questionnaires, with smallholder farmer household heads constituting the main sampling unit.

Focus group discussions with smallholder farmers and key informant interviews (KIIs) with purposely selected resource persons in the study area provided general information to complement the data obtained through household surveys. A semi-structured interview guide approach was employed during focus group discussions and key informant interviews (KIIs) in order to capture some salient information that could be quantified and used in the study.

Household surveys, focus group discussions and key informant interviews provided vital socio-economic data needed for the study.

Field inventories were also undertaken using data collection sheets for inventory of trees, crops and livestock, with agroforestry and non-agroforestry plots constituting the main sampling units. Field inventories of agroforestry and non-agroforestry plots, as well as direct field observations were undertaken in the study sites in order to ascertain the truthfulness of the information gotten from household surveys, focus group discussions and key informant interviews (KIIs). Field surveys (inventories of agroforestry and non-agroforestry plots)

provided vital biophysical primary data necessary for the study.

Sample frame, study population and sample size

For this study, the sample frame consisted of ten villages in Mezam survey was then undertaken in the selected sites using semi-structured questionnaires.

Smallholder farmer household heads living in the selected villages constituted the study population. The study population was sampled in such a way as to ensure an adequate sample size ( for each of the selected villages. According to [START_REF] Bhandari | rice (Oryza sativa L.) varietal diversity for adaptation: Farmers' perceptions and responses in Nepal[END_REF], a general rule of simple and stratified random sampling is that a minimum of 30 persons should be surveyed in a given study site in order to capture some vital information that can be used for analysis. It was in this light that a minimum of 30 smallholder farmer household heads was sampled in each of the selected villages.

Questionnaire design for household survey

The study made use of the semi-structured questionnaire approach in order to capture both qualitative and quantitative information from smallholder farmers, as used by other related studies [START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]Awazi et al., 2019). Both open ended and close ended questions were incorporated in order to acquire sufficient information from the respondents (smallholder farmer household heads). The questions were designed to provide answers to each of the specific objectives of the study (appendix 5). The The fifth and last section looked at the contributions of agroforestry practices to smallholder farmers' resilience in the face of climate variability and change. Thus, the questions for the last four sections (sections 2, 3 4 and 5) were tailored to attain the four specific objectives of the study (appendix 5).

In order to ensure that the questions posed on the questionnaire were good enough, the questionnaire was tested with non-respondents outside the sample frame (study area)in Mbengwi sub-division, North-West Region of Cameroon. The reason for the pretesting was to gauge smallholder farmers' comprehension and response to each of the questions posed.

The responses from the pretesting helped the principal investigator and his team to refine and restructure the final questionnaire to make it more comprehensible to smallholder farmers' in the selected villages. It is worth mentioning that, during household surveys, the questions were translated into -Pidgin‖ to ease comprehension and response by the respondents.

Household surveys were conducted during the months of December 2018 and January 2019 in the ten selected villages. The survey was conducted by the principal investigator and some team members, with some assistance from the chiefs of agricultural posts found in each of the ten selected villages. Mainly the face-to-face interview approach was employed during the administering of questionnaires in all the ten selected villages (appendix 9). The household surveys were conducted in the months of December and January because it was the dry season, which facilitated movements to the different study sites; and considering that it was the off-season for farming, which meant that most farmers were at home, thus facilitating the household survey proper.

Inventory of crop, livestock and tree species on smallholder farmers' agroforestry and non-agroforestry plots

In order to identify the different crop, livestock and tree species integrated in smallholder farmers' agroforestry and non-agroforestry plots, inventories were conducted in May and June 2018. These inventories were conducted by the principal investigator with the help of some team members (including a botanist from the National Forests Agency -ANAFOR, and an expert from the divisional delegation of livestock, fisheries and animal husbandry). The inventories were conducted in order to acquire vital biophysical data needed for the study. Field inventories were undertaken in the months of May and June because it was the rainy season, which was the peak period of growth for most crops, and trees/shrubs. Thus, it was relatively easier to identify the different crops and trees/shrubs on smallholder farmers' agroforestry and non-agroforestry farm plots at this time. Meanwhile in smallholder farmers' non-agroforestry plots, inventories were conducted to identify crops and livestock within the different speculations including market gardening crops, cash crops, food crops and livestock.

Since most (over 95%) of the smallholder farmers' agroforestry and non-agroforestry plots were less than half a hectare (0.5 hectare), the inventory was conducted directly without any measurements of the plots. The plant species were identified with the help of a botanist from ANAFORnorthwest regional service, while the livestock species were identified with the help of an expert from the divisional delegation of livestock, fisheries and animal husbandry for Mezam Division, North-West Region of Cameroon. 

Key informant interviews

Different studies have used key informant interviews (KIIs) to collect qualitative data from various studied populations [START_REF] Bhandari | rice (Oryza sativa L.) varietal diversity for adaptation: Farmers' perceptions and responses in Nepal[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]Awazi et al., 2019). This study followed the same path by using key informant interviews (KIIs) to collect primary data in the study area (appendix 1 and appendix 6). Thirty key informants were selected for the study in five of the seven districts that made up the study 

Focus group discussion

Focus group discussion (FGD) is an exploratory research tool used extensively by researchers to generate qualitative data and triangulate findings. It is a qualitative study method that requires a small homogeneous group of experienced people to discuss a study topic. In this study, focus group discussion was used to get information from smallholder farmers in the study sites pertaining to extreme weather events, causes of vulnerability, agroforestry 

Qualitative

Field survey

Inventory Quantitative stayed the same, decreased, and decreased a lot. Meanwhile rainfall consistency was rated on the five point likert scale of: much more variable, variable, stayed the same, less variable, and much less variable. Temperature on its part was rated on the five point likert scale of: much hotter, hotter, stayed the same, cooler, and much cooler. Sunshine and storms (winds) were rated on the five point likert scale of: increased a lot, increased, stayed the same, decreased, and decreased a lot. To reconcile farmers' perceptions of variations in climate parameters with actual climate data, data was collected from weather stations in the North-West Region of Cameroon. Other related research studies undertaken across Cameroon, Africa and the tropics have used a similar data collection approach [START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF][START_REF] Harvey | Extreme vulnerability of smallholder farmers to agricultural risks and climate change in Madagascar[END_REF][START_REF] Rurinda | Vulnerability and adaptation to climate variability and change in smallholder farming systems in Zimbabwe[END_REF][START_REF] Kirui | Influence of climate change on smallholder dairy productivity: A case of Kosirai, Kenya, and Namayumba, Uganda[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]Awazi et al., 2019). [START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Atangana | Major Agroforestry Systems of the Humid Tropics[END_REF][START_REF] Negawo | The Role of Coffee Based Agroforestry System in Tree Diversity Conservation in Eastern Uganda[END_REF]. During the household surveys, smallholder farmers practicing agroforestry were asked if they felt vulnerable or not; and resilient or not to climate variability and change. Smallholder agroforestry practitioners were equally asked to cite the different products and services they derived from the practice of agroforestry and how these products and services affected their vulnerability and resilience to climate variability and change. Data collected through household surveys was complemented with information gotten from field inventories, key informants, focus group discussions and direct field observations. The responses of smallholder farmers were then coded and imputed into SPSS version 20.0 for descriptive and inferential statistical analysis. Few or no studies have applied the data collection method explained here, to assess the contribution of agroforestry to the reduction of vulnerability and the enhancement of resilience faced with climate variability and change. Most studies have been based entirely on a qualitative or review of literature approach [START_REF] Negawo | The Role of Coffee Based Agroforestry System in Tree Diversity Conservation in Eastern Uganda[END_REF][START_REF] Mkonda | The Potentials of Agroforestry Systems in East Africa: A Case of the Eastern Arc Mountains of Tanzania[END_REF].

Data analysis procedure

Statistical analysis of the quantitative data obtained from household and field surveys was run The independent samples t-test (Equation 3.1) and chi-square test (Equation 3.2) were used to determine if there was a significant non-causal relationship between smallholder farmers' vulnerability and resilience to climate variability and change, and the hypothesized continuous and discontinuous explanatory variables of the study respectively. The binary logistic (BNL) regression model (Equation 3.5) on its part was used to examine the causal relationship between smallholder farmers' vulnerability and resilience to climate variability and change, and several hypothesized continuous and discontinuous explanatory variables (Table 3.5). The binary logistic regression model predicts the log odds of having made one decision or the other. This model therefore permits the analysis of decisions across two categories:

( )

Equation 3.5
Where Ŷ: is the predicted probability of the event;

: is the predicted probability of the other decision;

X: is the independent or explanatory variable. The multinomial logistic (MNL) regression model (Equation 3.6) was equally used to determine the causal relationship between smallholder farmers' choice of agroforestry systems (multinomial dependent variable) with respect to various hypothesized continuous and discontinuous explanatory variables (Table 3.5). The dependent variable for the model had three main categories: agrosilvicultural system, silvopastoral system and the agrosilvopastoral system. The fourth category (no agroforestry) was the reference category.

Following [START_REF] Greene | Econometric Analysis. 5th Edition[END_REF], [START_REF] Koch | Fractional Multinomial Response Models With An Application To Expenditure Shares[END_REF] and [START_REF] Wooldridge | Introductory Econometrics: A Modern Approach[END_REF], the multinomial logistic (MNL) model permits the analysis of multiple choice problems. According to Deressa et al (2009), the multinomial logistic (MNL) regression model permits the analysis of decisions across more than two categories, enabling the determination of choice probabilities and is equally simple to compute. This model has response probabilities. From tables 3.5, 3.6 and 3.7 above, it is noticed that the dependent and independent variables of the study were mostly qualitative or discontinuous in nature. This explains why most of the statistical analysis was done using non-parametric tests and non-linear or discrete regression models like the binomial and multinomial logistic regression models.

Survey limitations

The study was not without limitations. The limitations of the study were:

First and foremost, the study was carried out in the crisis hit North-West Region of Cameroon (specifically Mezam Division), which made it difficult to access all the sub-divisions found in the study area. Although the study was to be undertaken in all the seven (07) sub-divisions constituting Mezam division, the survey proper was carried out in just five (05) of the seven (07) sub-divisions owing to the inability to access two sub-divisions (Bafut and Bali) affected by recurrent skirmishes. It would have been better if the study was conducted at peace times, and in all of the seven sub-divisions that make up Mezam division.

Secondly, the study was conducted in Mezam division which is one of the most urban divisions in the North-West Region of Cameroon. It would have been better for the study to be carried out in an area characterized by a predominantly rural population (with many smallholder farmers). It must be said that this study was initially scheduled to be undertaken in Boyo division, North-West Region of Cameroon (owing to its predominantly rural population and the existence of diverse agroforestry practices), but the violence and recurrent skirmishes in the division forced the study to be moved to Mezam division which was the only relatively peaceful division in the entire North-West Region of Cameroon at the time of the study.

Lastly, owing to financial and time constraints, the sample size was relatively small. Out of the about 39351 farming families in entire Mezam division, 350 smallholder farmer household heads were surveyed. And out of the many smallholder farmers' agroforestry and non-agroforestry plots, 200 agroforestry plots and 70 non-agroforestry plots were surveyed.

Although sampling was done taking into consideration the socio-economic, agro-ecological and environmental characteristics of the study area, it must be admitted that the sample size was relatively small. It could have been better if a larger number of smallholder farmer household heads and smallholder farmers' agroforestry and non-agroforestry plots were surveyed.

However, it must be acknowledged that although these difficulties were a real strain on the study, they did not have a major impact on the survey itself or the data collected. 1986-1990, 1991-1995, 1996-2000, 2006-2010, 2011-2015 and 2016-2018 Meanwhile the lowest annual mean temperatures were recorded in the years 1966-1970, 1971-1975, 1976-1980, 1981-1985 and 2001-2005 From temperature anomalies, it was found that from 1961-2018, many more years experienced an increase in temperature than a decrease. Temperature increases were most especially noticed in the years 1961-1965, 1986-1990, 1991-1995, 1996-2000, 2006-2010, 2011-2015 and 2016-2018 with positive temperature anomalies of 0.12 o C, 0.12 o C, 0. On the contrary, the years 1966-1970, 1971-1975, 1976-1980, 1981-1985 and 2001-2005 were characterized by negative temperature anomalies of -0. 

Rainfall

Annual average rainfall has equally varied enormously between the years 1961 to 2018 with many more years experiencing a lesser amount of rainfall. The years [1961][1962][1963][1964][1965][1966][1967][1968][1969][1970], From the computation of rainfall residuals, it was found that between the years 1961-2018, many more years had negative residuals than positive. The years characterized by positive rainfall residuals were 1961-1965, 1966-1970, 1976-1980 , 1981-1985, and 2006-2010 with rainfall anomalies of 288.7mm, 511.6mm, 158.9mm, 163.5mm and 40.1mm respectively (Figure 4.4). While the years 1971-1975, 1986-1990, 1991-1995, 1996-2000, 2001-2005, 2011-2015 and 2016-2018 were characterized by negative rainfall anomalies of -167.4mm, -67.3mm, -272.3mm, -50.3mm, -30.4mm, -87.9mm, and -487.5mm respectively.

The highest positive rainfall anomaly was recorded in the years 1966-1970 with 511.6mm while the highest negative rainfall anomaly was recorded in the years 2016-2018 with -487.5mm. Thus, rainfall in the North-West Region of Cameroon has experienced significant variations and a drop in quantity in the past five decades. 

.3. Rainy days

There have equally been significant variations in the annual average rainy days between 1961-2018. The years with the highest annual average rainy days were 1961-1966, 1966-1970, 1976-1980, 1981-1985, 1991-1995, 1996-2000, and 2001-2005 Meanwhile the years with the least annual average rainy days were 1971-1975, 1986-1990, 2006-2010, 2011-2015 and 2016-2018 characterized by annual average rainy days of 15.92, 15.33, 15.83, 14.33 and 13.17 respectively. The highest annual average rainy days was 17.7

while the least annual average rainy days was 13.17 As per the residuals of rainy days, it was found that most of the years experienced fewer rainy days. The years 1961The years -1965The years , 1971The years -1975The years , 1986The years -1990The years , 1991The years -1995The years , 2006The years -2010The years , 2011The years -2015The years and 2016The years -2018 were most especially characterized by negative rainy days residuals of -2, -3, -10, -1, -4, -22 and -36 respectively. Whereas the years 1966-1970, 1976-1980, 1981-1985, 1996-2000 and 2001-2005 were characterized by positive rainy days residuals of 12, 9, 4, 10 and 4

respectively. Between 1961-2018, the highest positive rainy days residual was 12 days while highest negative rainy days residual was -36 days recorded in the years 1966-1970 and 2016-2018 respectively (Figure 4.6). Thus, the number of rainy days per year in the North-West

Region of Cameroon has been varying significantly and becoming even fewer in the past five decades.

Causal and non-causal relationship between climate parameters

The scatter plot for rainfall and temperature showed the existence of a negative correlation between rainfall and temperature. This implies that as rainfall increase, temperature might decrease ( Looking at the regression line, it was noticed that a positive causal relationship exists between rainy days and rainfall (Figure 4.9). The R 2 of the regression line being 0.478 implied that 47.8% of the variations in rainy days could be caused by variations in rainfall, and vice versa. Thus, rainfall and rainy days have a significant interdependent relationship, faced with climate variability and change in the North-West Region of Cameroon.

Smallholder farmers' perceptions of variability in climate parameters

Smallholder farmers perceived variations in climate parameters (temperature, rainfall, sunshine) differently across the study area.

With regards to temperature (Figure 4.10), most smallholder farmers perceived that, in the past three decades, temperature has been higher than usual (62%). Meanwhile 28.9% of the smallholder farmers perceived that temperature was high. Only 6%, 2.57% and 1.14% of the smallholder farmers perceived that temperature had stayed the same, low and very low respectively (Figure 4.10). This goes to show that, according to smallholder farmers' perceptions, temperature has very high and/or high in the past three decades. 4.11). This demonstrates that a majority of smallholder farmers perceive an increase in the amount of sunshine in the past three decades. smallholder farmers perceived that rainfall has been more variable. Just 3.14%, 2.57%, and 1.71% of the smallholder farmers perceived that rainfall has stayed the same; become less variable and much less variable respectively (Figure 4.13). Thus, an overwhelming majority of smallholder farmers perceive that rainfall has become very inconsistent (much more variable or more variable) in the past three decades. An analysis of the relationship between smallholder farmers' vulnerability to climate variability and eleven explanatory variables revealed that there was an inverse relationship between vulnerability and all these explanatory variables (Table 4.1).

Explanatory variables like number of farms, household size, age of household head, household income, level of education of household head, access to information, access to credit facilities and access to land all had a strong inverse relationship with smallholder farmers' vulnerability. This implies that an increase in any of these explanatory variables 

.2.1. Non-causal relationship between smallholder farmers' vulnerability and continuous explanatory variables

Results from the t-test statistic revealed that there was a significant non-causal relationship between smallholder farmers' vulnerability and four continuous explanatory variables (p<0.001) (Table 4.2). 

Non-causal relationship between smallholder farmers' vulnerability and discontinuous explanatory variables

Chi-square test results showed that there was a statistically significant non-causal relationship between smallholder farmers' vulnerability and seven (07) discontinuous explanatory variables (p<0.001) (Table 4.3).

Discontinuous explanatory variables like level of education of household head (X 2 = 317.60, p<0.001), gender of household head (X 2 = 77.90, p<0.001), practice of agroforestry (X 2 = 27.74, p<0.001), access to information (X 2 = 100.18, p<0.001), access to credit (X 2 = 220.71, p<0.001), access to land (X 2 = 104.36, p<0.001) and access to agricultural extension services (X 2 = 80.16, p<0.001), all had a statistically significant non-causal relationship with smallholder farmers' vulnerability to climate variability and change. The chi-square test statistic clearly showed that level of education of household head, gender of household head, practice of agroforestry, access to information, access to credit, access to land and access to agricultural extension services plausibly affects smallholder farmers' vulnerability. Hence, the discontinuous explanatory variables educational level of household head, gender of household head, practice of agroforestry, access to information, access to credit, access to land, and access to agricultural extension services play a plausibly significant role in affecting smallholder farmers' vulnerability to climate variability and change.

Ranking smallholder farmers' vulnerability to climate variability and change according to location

The Kruskall-Wallis test was run to rank vulnerability to climate variability and change, and to determine if there was a significant variation in smallholder farmers' vulnerability to climate variability and change across ten villages (Mankon, Nkwen, Bambui, Bambili, Kedjom Keku, Mendakwe, Mbei-Santa, Akum, Njong-Santa, and Awing) (Table 4.4). The Kruskall-Wallis test (H-test) confirmed that there was no significant variation in vulnerability amongst smallholder farmers across the different villages (X 2 = 6.097, p> 0.1).

This goes to show that smallholder farmers' vulnerability does not vary significantly with location. Although the mean rank indicates that smallholder farmers in villages like Mankon (mean rank = 185.88), Bambui (mean rank = 185.88) and Bambili (mean rank = 185.88) are relatively vulnerable than their counterparts in villages like Awing (mean rank = 158.17), Mbei-Santa (mean rank = 169.83) and Kedjom Keku (mean rank = 164) (Table 4.4).

Causal relationship between smallholder farmers' vulnerability to climate variability and change, and explanatory variables

The Binary logistic regression model revealed that there was a statistically significant inverse causal relationship between smallholder farmers' vulnerability to climate variability and change and five (05) explanatory variables (Table 4.5).

From the predictions of this model, household size (β = -1.815, p<0.01), age of household head (β = -0.695, p<0.05), household income (β = -6.321, p<0.01), access to information (β = -5.387, p<0.05), and access to land (β = -4.239, p<0.05) all contributed in drastically reducing smallholder farmers' vulnerability to climate variability and change. This goes to show that as household size increases; as household income increases; as age of household head increases; as access to information increases; and as access to land increases; there is a decrease in smallholder farmers' vulnerability to climate variability and change. Thus, the findings of the study demonstrate that some continuous and discontinuous explanatory variables like household size, age of household head, household income, access to information and access to land play a significant role in reducing smallholder famers' vulnerability to climate variability and change. Among the agroforestry practices taken up by smallholder farmers, home garden with livestock was the most widespread (52.88%). This was closely followed by trees on croplands (47.84%) and the home garden (43.52%). Live fences/hedges (37.05%), trees on grazing lands (34.53%) and coffee-based agroforestry (29.5%) equally featured prominently among the agroforestry practices taken up by smallholder farmers. Meanwhile, very few smallholder farmers were into Taungya (18.34%), improved fallows (12.59%) and others Meanwhile ecosystem services such as provision of shade, protection against the wind, and erosion control were identified by 57.91%, 52.52% and 47.84% of the smallholder farmer agroforestry practitioners respectively. Only 34.89% and 16.91% of the smallholder farmer agroforestry practitioners identified pollination and others (finance and micro-climate buffering) respectively. This demonstrates that smallholder farmers practicing agroforestry derive several benefits (ecosystem services).

Main classes of agroforestry tree/shrub species integrated in smallholder farmers' plots

Following field surveys (inventories on farmers' agroforestry plots), it was found that the most common categories of agroforestry tree/shrub species integrated in smallholder farmers' agroforestry plots were fruit trees (100%), fuelwood trees/shrubs (100%), trees/shrubs for building materials (98%), trees for windbreaks (83%), and trees for soil improvement (73%).

Fodder trees/shrubs (69%), trees for medicines (51%), trees for food (25%) and others (7%)

were equally integrated on smallholder farmers' agroforestry plots (Table 4.7). Thus, a diverse category of agroforestry tree/shrub species were integrated by smallholder farmers on their farm plots faced with the impacts of climate variability and change.

Major food and cash crop species integrated in smallholder farmers' agroforestry farm plots

Field surveys indicated that the most common herbaceous species integrated in smallholder farmers' agroforestry plots were Zea mays (98%), Manihot esculenta (92%), Colocasia spp (85%), Phaseolus vulgaris (75%), Vigna unguiculata (80%), Ipomoea batatas (64%) and

Musa spp (56%) (Table 4.8). Therefore, following the statistics from the t-test; number of farms owned, household size, age of household head, and household income play a plausible role in influencing smallholder farmers' agroforestry practicing decision in the face of climate variability and change.

Non-causal relationship between smallholder farmers' agroforestry practicing decision and discontinuous explanatory variables

Chi-square test results indicated that there was a significant non-causal relationship between smallholder farmers' agroforestry practicing decision in the face of climate variability and change, and seven (07) discontinuous explanatory variables (Table 4.11).

The discontinuous explanatory variables: level of education of household head (X 2 = 25.166, p<0.001), gender of household head (X 2 = 5.354, p<0.05), vulnerability to climate variability and change (X 2 = 27.735, p<0.001), access to information (X 2 = 11.974, p<0.01), access to credit (X 2 = 16.428, p<0.001), access to land (X 2 = 19.133, p<0.001) and access to agricultural extension services (X 2 = 3.778, p<0.05), all had a significant non-causal relationship with smallholder farmers' agroforestry practicing decision in the face of climate variability and change. The statistics from the chi-square test therefore confirm that level of education of household head, gender of household head, vulnerability to climate variability and change, access to information, access to credit, access to land and access to agricultural extension services plausibly affect smallholder farmers' agroforestry practicing decision in the face of climate variability and change. Thus, the discontinuous variables: educational level, gender, vulnerability, access to information, access to credit, access to land and access to extension services play a plausible role in influencing smallholder farmers' agroforestry practicing decision faced with climate variability and change.

Ranking smallholder farmers' practice of agroforestry in the face of climate variability and change according to location

The Kruskall-Wallis test was run to rank the practice of agroforestry and to determine if there was a significant variation in smallholder farmers' practice of agroforestry across ten villages (Mankon, Nkwen, Bambui, Bambili, Kedjom Keku, Mendakwe, Mbei-Santa, Akum, Njong-Santa, and Awing) (Table 4.12). The Kruskall-Wallis test or the H-test indicated that there was no significant variation in the practice of agroforestry in the face of climate variability and change between smallholder farmers across the different villages (X 2 = 5.321, p>0.1). This goes to show that the practice of agroforestry does not vary very significantly across the ten villages studied. However, based on the mean ranks, it is seen that, faced with climate variability and change, smallholder farmers in Mendakwe (mean rank = 188.17), Bambui (mean rank = 185.25), Kedjom Keku (mean rank = 182.33) and Njong-Santa (mean rank = 182.33) are more into agroforestry than their counterparts in Awing (mean rank = 159), Mankon (mean rank = 163.38), Nkwen (mean rank = 172.13), and Mbei-Santa (mean rank = 170.67).

Causal relationship between smallholder farmers' agroforestry practicing decision faced with climate variability and change, and explanatory variables

The Binary logistic regression model revealed that, there was a significant direct or positive causal relationship between smallholder farmers' agroforestry practicing decision in the face of climate variability and change and five explanatory variables (Table 4.13).

Based on the results of this model, five explanatory variables: age of household head (β = 0.086, p<0.05), household income (β = 1.243, p<0.05), access to information (β = 1.192, p<0.05), access to credit facilities (β = 7.135, p<0.01) and vulnerability to climate variability and change (β = 22.244, p<0.01) had a statistically significant direct causal relationship with smallholder farmers' agroforestry practicing decision. Hence, following the coefficients of the binary logistic regression model; as age, household income, access to information, access to credit facilities and vulnerability increases, there is an increase in smallholder farmers' propensity to practice agroforestry faced with climate variability and change. This could be attributed to the fact that age comes with experience; more income and access to credit facilities gives the farming household more stability and ability to purchase better farm tools; access to information makes farmers more knowledgeable, enabling them to better prepare for extreme weather events; and vulnerability to climate variability and change makes farming households to take to best practices like agroforestry in order to curb their vulnerability.

Meanwhile a strong inverse causal relationship existed between smallholder farmers' agroforestry practicing decision in the face of climate variability and change and two explanatory variables: household size (β = -0.310, p<0.05), and access to agricultural extension services (β = -3.107, p<0.001). This indicates that an increase in household size as well as agricultural extension services leads to a direct proportional reduction in the practice of agroforestry by smallholder farmers in the face of climate variability and change. This could be attributed to the fact that extension services vulgarize mostly monoculture farming systems, and larger households prefer to go in for monoculture farming systems which brings more food used to feed the large household population.

Although not statistically significant, explanatory variables such as number of farms, educational level of household head, and access to land (p>0.1), all had an positive or direct causal relationship with smallholder farmers' agroforestry practicing decision in the face of climate variability and change. This shows that an increase in number of farms, educational level of the household head, and access to land leads to an increase (although not very significant) in smallholder farmers' propensity to practice agroforestry in the face of climate variability and change.

It is important to note that the results of this model are valid looking at the Likelihood Ratio X 2 , the number of cases correctly classified, the log likelihood and the pseudo R-square (Nagelkerke R 2 ). Likelihood Ratio X 2 (11, n = 350 = 102.684, p<0.001), indicated that the model was statistically significant and had a strong explanatory power. Meanwhile, the model correctly classified up to 84.3% of smallholder farmers' agroforestry practicing decision faced with climate variability and change. The log likelihood was high (253.072) showing that each of the individual variables contributed significantly to the model. The Pseudo R 2 indicated that at least 59.8% of the changes in smallholder farmers' agroforestry practicing decision faced with climate variability and change resulted from the explanatory variables.

From all these, it can be concluded that the predictions of this model are very much valid as far as assessing smallholder farmers' agroforestry decision in the face of climate variability and change is concerned.

Categorized agroforestry practices and determinants of smallholder farmers' choice of different agroforestry systems in the face of climate variability and change

Categorized agroforestry practices of smallholder farmers in the face of climate variability and change

In order to do ease data analysis, the different agroforestry practices identified by smallholder farmers were categorized into three major systems and a fourth category made up of smallholder farmers who did not practice agroforestry (Figure 4.19). The parameter estimates of the multinomial logistic regression model showed that three main explanatory variables (access to information, access to land, household income and access to extension services) significantly influenced smallholder farmers' choice of agroforestry systems faced with climate variability and change.

Access to information played a statistically significant role in influencing smallholder farmers' choice of different agroforestry systems (agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems). The agrosilvicultural system (a combination of smallholder farmers' agroforestry practices like trees on croplands, home gardens, live fences/hedges, coffee-based agroforestry, Taungya and improved fallows) was directly influenced by access to information (β = 1.450, p<0.05). The silvopastoral system (mostly made up of smallholder farmers' agroforestry practices like trees on grazing lands) was equally significantly influenced by access to information (β = 1.982, p<0.01). The agrosilvopastoral system made up of smallholder farmers' agroforestry practices like home garden with livestock, was also influenced by access to information (β = 1.247, 0.05). This indicates that access to information contributes significantly towards smallholder farmers' practice of agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems faced with climate variability and change. This could be attributed to the fact that access to information influences farmers' access to knowledge about the latest agricultural trends, thus farmers with more knowledge on the latest farming trends are able to tilt towards best practices which can help them adapt to and mitigate the effects of climate variability and change, than their counterparts with limited knowledge.

Access to land played a very significant role in determining smallholder farmers' choice of agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems. Access to land positively influenced smallholder farmers' practice of the agrosilvicultural system (β = 1.208, p<0.05), the silvopastoral system (β = 1.294, p<0.05) and the agrosilvopastoral system (β = 1.909, p<0.01). This indicates that as smallholder farmers' access to land increases, the higher their propensity to take to different agroforestry systems faced with climate variability and change. This state of affairs could be explained by the fact that land is an indispensable asset when it comes to the practice of different agroforestry systems.

Household income had a statistically significant direct causal relationship with smallholder farmers' choice of agroforestry system faced with climate variability and change.

Smallholder farmers' choice of the agrosilvicultural agroforestry system (β = 1.457, p<0.05); silvopastoral agroforestry system (β = 1.582, p<0.05) and agrosilvopastoral agroforestry system (β = 1.672, p<0.05) all had a statistically significant positive causal relationship with household income. This indicates that household income plays a significant positive role in influencing smallholder farmers' choice of agroforestry system faced with climate variability and change.

Access to extension services also played a role in affecting smallholder farmers' choice of different agroforestry systems. But contrary to access to information, access to land and household income which positively influenced smallholder farmers' choice of agroforestry systems, access to extension services negatively influenced smallholder farmers' choice of agroforestry systems faced with climate variability and change. Access to extension services negatively influenced smallholder farmers' practice of the agrosilvicultural system (β = -2.395, p<0.01), the silvopastoral system (β = -2.256, p<0.01) and the agrosilvopastoral system (β = -2.336, p<0.01). This is unprecedented considering that various research works have shown that access to extension services increases smallholder farmers' adoption of adaptation measures faced with climate variability and change. This situation could be attributed to the fact that agricultural extension agents mostly promote intensive food crop and market gardening monoculture systems at the expense of agroforestry systems.

Although access to credit facilities did not significantly influence smallholder farmers' choice of agroforestry systems faced with climate variability and change, it positively influenced smallholder farmers' choice of agroforestry systems. This implies that as access to credit facilities increases, smallholder farmers' propensity to take to different agroforestry systems faced with climate variability and change increases (although less drastically).

It is worth noting that the parameter estimates of the multinomial logistic regression model are valid looking at the Likelihood Ratio X 2 and the Nagelkerke R 2 . The Likelihood Ratio X 2

(5, N = 350 = 165.20, p<0.001), demonstrated that the model was statistically significant and had a strong explanatory power. From the Nagelkerke R 2 (Pseudo R 2 ) of the model which 4.15). Agroforestry practices like the home garden with livestock, trees on cropland, live fences/hedges, trees on grazing land, coffee-based agroforestry, Taungya and improved fallows all had an inverse relationship with smallholder farmers' vulnerability to climate variability and change (Table 4.15). This plausibly implies that the more these agroforestry practices are taken up by smallholder farmers, the lesser their vulnerability to climate variability and change. Only the home garden had a direct relationship (although weak) with smallholder farmers' vulnerability. This could be due to the absence of the livestock component. Globally, it can therefore be said that agroforestry practices play a plausible role in reducing smallholder farmers' vulnerability to climate variability and change.

Non-causal relationship between agroforestry practices and smallholder farmers' vulnerability to climate variability and change

Chi-square test results showed that eight (08) agroforestry practices significantly affected smallholder farmers' vulnerability to climate variability and change (p<0.01) (Table 4.16). Amongst the different agroforestry practices, home gardens with livestock (X 2 = 147.89, p<0.001), trees on croplands (X 2 = 174.72, p<0.001), home garden (X 2 = 56.58, p<0.001), life on grazing lands, coffee-based agroforestry and Taungya leads to a significant reduction in smallholder farmers' vulnerability faced with climate variability and change. This could be attributed to the crop, tree and livestock components present in these practices which help to increase diversity and therefore diversify smallholder farmers' sources of income too.

Only one agroforestry practice i.e. the home garden (β = 3.099, p<0.01), had a significant positive causal relationship with smallholder farmers' vulnerability faced with climate variability and change. This indicates that as the practice of home garden increases, smallholder farmers' vulnerability to climate variability and change also increases. This could be attributed to the absence of the livestock component which plays an important role in income generation and diversification of income sources for smallholder farmers.

Although the coefficients of agroforestry practices like live fences/hedges and improved fallows were not statistically significant, they nevertheless had an indirect or negative causal relationship with smallholder farmers' vulnerability to climate variability and change. This implies that an increase in agroforestry practices like live fences/hedges and improved fallows leads to a reduction (though not too statistically significant) in smallholder farmers vulnerability to climate variability and change.

The contribution of these different agroforestry practices towards the reduction of smallholder farmers' vulnerability faced with climate variability and change could be attributed to the different products and services provided by these agroforestry practices: food, fuelwood, building materials, windbreaks, erosion control, and soil fertility improvement.

It is worth mentioning that the results of this model are valid looking at the Likelihood Ratio X 2 , the number of cases correctly classified and the Nagelkerke R 2 . Likelihood Ratio X 2 (8, N = 350 = 192.245, p<0.001), indicated that the model was statistically significant and had a strong explanatory power. Meanwhile, following the classification table of the model, the From the statistics of the t-test, it was found that: number of farms owned, household size, age of household head, and household income plausibly affect smallholder farmers' resilience to climate variability and change.

Non-causal relationship between discontinuous explanatory variables and smallholder farmers' resilience to climate variability and change

Chi-square test results showed that there was a significant non-causal relationship between smallholder farmers' resilience to climate variability and change, and seven (07) discontinuous explanatory variables (Table 4.19).

The discontinuous explanatory variables: level of education of household head (X 2 = 123.10, p<0.001), gender of household head (X 2 = 24.95, p<0.001), practice of agroforestry (X 2 = 64.50, p<0.001), access to information (X 2 = 44.70, p<0.001), access to credit (X 2 = 90.88, p<0.001), access to land (X 2 = 52.50, p<0.001) and access to agricultural extension services (X 2 = 21.54, p<0.001), all had a significant non-causal relationship with smallholder farmers' resilience to climate variability and change. Based on the chi-square statistics; level of education of household head, gender of household head, practice of agroforestry, access to information, access to credit, access to land and access to agricultural extension services could plausibly affects smallholder farmers' resilience to climate variability and change.

From the results of the model, home gardens with livestock (β = 3.158, p<0.01), home gardens (β = 3.189, p<0.01), trees on grazing lands (β = 1.663, p<0.05), and coffee-based agroforestry (β = 2.771, p<0.05) all had a significant positive causal relationship with smallholder farmers' resilience to climate variability and change. This implies that as home gardens with livestock, home gardens, trees on grazing lands and coffee-based agroforestry increases, smallholder farmers' resilience to climate variability and change also increases.

Meanwhile live fences/hedges and improved fallows, although not statistically significant (p>0.1), also had a positive causal relationship with smallholder farmers' resilience to climate variability and change. This implies that an increase in live fences and hedges, as well as improved fallows leads to an increase in smallholder farmers' resilience to climate variability and change. On the contrary, trees on croplands and Taungya, although not statistically significant (p>0.1) had a negative causal relationship with smallholder farmers' resilience to climate variability and change. This implies that the practice of these two agroforestry practices leads to a decrease in smallholder farmers' resilience to climate variability and change.

It must be said that the results of this model are valid looking at the Nagelkerke R 2 of the model which is above the 50% mark (53.2%), Likelihood Ratio X 2 , and the number of cases correctly classified. The Likelihood Ratio X 2 (8, n = 350 = 176.055, p<0.01), indicated that the model was statistically significant and had a strong explanatory power. Meanwhile, the model correctly classified up to 77.7% of the agroforestry practices influencing smallholder farmers' resilience. The Nagelkerke R 2 of the model which stood at 0.532 implies that 53.2% of the changes in smallholder farmers' resilience to climate variability and change could be explained by changes in the different agroforestry practices. From all these, it can be concluded that the predictions of this model are very much valid as far as determining the different agroforestry practices influencing smallholder farmers' resilience to climate variability and change is concerned.

Variations in resilience according to location

The Kruskall-Wallis test was run to rank smallholder farmers' resilience to climate variability and change, and to determine if there was a significant variation in smallholder farmers' resilience across ten villages in the North-West Region of Cameroon (Mankon, Nkwen, Bambui, Bambili, Kedjom Keku, Mendakwe, Mbei-Santa, Akum, Njong-Santa, and Awing) (Table 4.23).

Based on the mean ranks of the Kruskall-Wallis test (H-test), it was noticed that in the face of climate variability and change, smallholder farmers in Mendakwe (mean rank = 189.50), Mbei-Santa (mean rank = 189.50), Kedjom Keku (mean rank = 183.67) and Njong-Santa (mean rank = 183.67) were more resilient than their counterparts in Mankon (mean rank = 145.73 ), Bambili (mean rank = 167.63), Nkwen (mean rank = 172), and Bambui (mean rank = 176.38). However, the H-test statistic indicated that there was no statistically significant variation in smallholder farmers' resilience to climate variability and change across the different villages (X 2 = 7.409, p>0.05). The statistics of the H-test indicated that smallholder farmers' resilience to climate variability and change did not vary significantly across the ten villages under study. It could therefore be concluded that smallholder farmers' resilience to climate variability and change is not dependent on the village of the farmers'.

Agroforestry systems and smallholder farmers' resilience to climate variability and change

The Kruskall-Wallis (H) test was run to rank smallholder farmers' resilience to climate variability and change according to the agroforestry systems they practiced and to determine if there was a significant variation in smallholder farmers' resilience based on these agroforestry systems (Table 4.24). 

DISCUSSION OF RESULTS

Drivers of smallholder farmers' vulnerability to climate variability and change

Literature is replete with studies carried out across Cameroon, Africa and the tropics, highlighting the causes of smallholder farmers' vulnerability to climate variability and change [START_REF] Molua | Climate variability, vulnerability and effectiveness of farmlevel adaptation options: the challenges and implications for food security in Southwestern Cameroon[END_REF][START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF]Deressa et al., 2011;[START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF]Yaro, 2013;[START_REF] Rurinda | Vulnerability and adaptation to climate variability and change in smallholder farming systems in Zimbabwe[END_REF][START_REF] Rurinda | Sources of vulnerability to a variable and changing climate among smallholder households in Zimbabwe: A participatory analysis[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF]. years [START_REF] Kimengsi | Building an indigenous agro-pastoral adaptation framework to climate change in Sub-Saharan Africa: experiences from the North-West Region of Cameroon[END_REF][START_REF] Gur | The Implications of Climate Variability on Market Gardening in Santa Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Azibo | Understanding and Building on Indigenous Agro-Pastoral Adaptation strategies for Climate Change in Sub-Saharan Africa: Experiences from Rural Cameroon[END_REF][START_REF] Innocent | Climate variability and change in the Bamenda Highlands of The North-West Region of Cameroon: Perceptions, Impacts and Coping mechanisms[END_REF][START_REF] Kimengsi | Crop-Specific Response to Climatic Variability and Agricultural Planning Implications in North West Cameroon[END_REF][START_REF] Tume | Standardized precipitation valuation of water resources vulnerability to climate variability on the Bui Plateau, NorthWest Cameroon[END_REF]Tume et al., 2019a;[START_REF] Tume | Indigenous knowledge and farmer perceptions of climate and ecological changes in the Bamenda Highlands of Cameroon: Insights from the Bui Plateau[END_REF][START_REF] Bate | Determinants and policy implications of farmers' climate adaptation choices in rural Cameroon[END_REF]Awazi et al., 2019), little or no research has been conducted

demonstrating that variations and changes in climate parameters are a major cause of smallholder farmers' vulnerability to climate variability and change. Equally, although research studies carried out in other parts of the world [START_REF] Chen | The effects of precipitation on the surface temperature and Airflow over the island of Hawaii[END_REF]Buishand and Brandsman, 1999;Saleshi and Zanke, 2004;[START_REF] Cong | The Interdependence between Rainfall and Temperature: Copula Analyses[END_REF][START_REF] Berg | Strong increase in convective precipitation in response to higher temperatures[END_REF][START_REF] Olsson | Impacts of climate change on temperature, precipitation and hydrology in Finlandstudies using bias corrected Regional Climate Model data[END_REF][START_REF] Nkuna | The relationship between temperature and rainfall variability in the Levubu sub-catchment, South Africa[END_REF][START_REF] Weng | Impact of low-temperature, overcast and rainy weather during the reproductive growth stage on lodging resistance of rice[END_REF] Cameroon and Africa have examined some of these variables as drivers of vulnerability [START_REF] Molua | Climate variability, vulnerability and effectiveness of farmlevel adaptation options: the challenges and implications for food security in Southwestern Cameroon[END_REF][START_REF] Smit | Adaptation, adaptive capacity and vulnerability[END_REF][START_REF] Challinor | Assessing the vulnerability of food crop systems in Africa to climate change[END_REF]Gbetibouo and Ringler, 2009;[START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF]Kasulo et al., 2012;Belaineh et al., 2013;Kuwornu et al., 2013;Tessema et al., 2013;Burney et al., 2014;[START_REF] Temesgen | Climate change adaptation of smallholder farmers in South Eastern Ethiopia[END_REF][START_REF] Rurinda | Vulnerability and adaptation to climate variability and change in smallholder farming systems in Zimbabwe[END_REF][START_REF] Rurinda | Sources of vulnerability to a variable and changing climate among smallholder households in Zimbabwe: A participatory analysis[END_REF][START_REF] Harvey | Extreme vulnerability of smallholder farmers to agricultural risks and climate change in Madagascar[END_REF]Feleke, 2015;[START_REF] Kirui | Influence of climate change on smallholder dairy productivity: A case of Kosirai, Kenya, and Namayumba, Uganda[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Kimengsi | Crop-Specific Response to Climatic Variability and Agricultural Planning Implications in North West Cameroon[END_REF][START_REF] Fongnzossie | Assessing climate change vulnerability and local adaptation strategies in adjacent communities of the Kribi-Campo coastal ecosystems, South Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF] 

Characterized agroforestry practices of smallholder farmers faced with climate variability and change

Studies carried out across different parts of Cameroon, Africa and the tropics have generally classified agroforestry practices on the basis of structure, function, socio-economic attributes, and ecological attributes into a plethora of agroforestry systems [START_REF] Nair | Classification of agroforestry systems[END_REF][START_REF] Nair | An introduction to agroforestry[END_REF][START_REF] Nair | New vistas in Agroforestry: A Compendium for 1st World Congress of Agroforestry[END_REF][START_REF] Nair | Agroforestry -The Future of Global Land Use[END_REF]Atangana et al., 2014;[START_REF] Montagnini | Integrating Landscapes: Agroforestry for Biodiversity Conservation and Food Sovereignty[END_REF][START_REF] Amare | Agroforestry of smallholder farmers in Ethiopia: Practices and benefits[END_REF][START_REF] Awazi | Climate change resiliency choices of small-scale farmers in Cameroon: determinants and policy implications[END_REF]. Thus, the agroforestry practices of smallholder farmers have merely been characterized generally by most studies [START_REF] Raintree | Agroforestry research in farming systems perspective. The ICRAF approach[END_REF][START_REF] Raintree | Agroforestry pathways for the intensification of shifting cultivation[END_REF][START_REF] Pandey | Multifunctional agroforestry systems in India[END_REF][START_REF] Snelder | Smallholder Tree Growing for Rural Development and Environmental Services: Lessons from Asia[END_REF][START_REF] Igo | Ethnobotanical survey of trees in Fundong, North-West Region, Cameroon[END_REF][START_REF] Asaah | Trees, agroforestry and multifunctional agriculture in Cameroon[END_REF][START_REF] Temgoua | Determinants Socio-Economiques et Ecologiques de la Plantation d'Arbres Producteurs de Bois D'oeuvre et d'Artisanat dans L'Ouest du Cameroun[END_REF][START_REF] Kumar | Carbon Sequestration Potential of Agroforestry Systems: Opportunities and Challenges[END_REF][START_REF] Dagar | Agroforestry: Anecdotal to Modern Science[END_REF][START_REF] Coulibaly | Adoption of agroforestry and the impact on household food security among farmers in Malawi: A review[END_REF][START_REF] Njongue | Assessing farmers' interest in Agroforestry practices around the Mount Cameroon National park (MCNP) in Cameroon[END_REF][START_REF] Munjeb | Farmer's perception of soil and watershed degradation and the assessment of soil nutrients status under agroforestry systems in the Western Highlands of Cameroon: Case of Ako sub division[END_REF][START_REF] Tsufac | Assessing the role of agroforestry in soil fertility improvement in Mbelenka-Lebialem, Southwest Cameroon[END_REF]. However, the peculiarity of this study lies in the fact that it sought to characterize the agroforestry practices of smallholder farmers in the face of climate variability and change. Based on this, three main agroforestry systems (agrosilvicultural, silvopastoral, and agrosilvopastoral) and eleven main agroforestry practices (home garden, trees on cropland, live fences/hedges, Taungya, coffeebased agroforestry, improved fallows, windbreaks, trees on grazing lands, fodder banks, home gardens with livestock, and trees on grazing lands with crops) were unearthed.

Although some studies carried out across Cameroon, Africa and the tropics [START_REF] Molua | The economics of tropical agroforestry systems: the case of agroforestry farms in Cameroon[END_REF][START_REF] Syampungani | The potential of using agroforestry as a win-win solution to climate change mitigation and adaptation and meeting food security challenges in Southern Africa[END_REF][START_REF] Rao | Climate variability and change: farmer perceptions and understanding of intra-seasonal variability in rainfall and associated risk in semi-arid Kenya[END_REF][START_REF] Asfaw | Traditional agroforestry systems as a safe haven for woody plant species: a case study from a topo-climatic gradient in south central Ethiopia[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Charles | Agroforestry as Adaptation Strategy under Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF][START_REF] Mbow | Agroforestry solutions to address food security and climate change challenges in Africa[END_REF][START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF]De Zoysa and Inoue, 2014;[START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF][START_REF] Kumar | Multifunctional Agroforestry Systems in Tropics Region[END_REF][START_REF] Negawo | The Role of Coffee Based Agroforestry System in Tree Diversity Conservation in Eastern Uganda[END_REF]Awazi and Tchamba, 2019) have First and foremost, with regards to the determinants of smallholder farmers' practice of agroforestry faced with climate variability and change, it was found that little or nothing has been done in this direction in Cameroon in general and the North-West Region of Cameroon in particular. Although some studies have been carried out on agroforestry systems in Cameroon [START_REF] Asaah | Trees, agroforestry and multifunctional agriculture in Cameroon[END_REF][START_REF] Temgoua | Determinants Socio-Economiques et Ecologiques de la Plantation d'Arbres Producteurs de Bois D'oeuvre et d'Artisanat dans L'Ouest du Cameroun[END_REF][START_REF] Njongue | Assessing farmers' interest in Agroforestry practices around the Mount Cameroon National park (MCNP) in Cameroon[END_REF][START_REF] Munjeb | Farmer's perception of soil and watershed degradation and the assessment of soil nutrients status under agroforestry systems in the Western Highlands of Cameroon: Case of Ako sub division[END_REF]Awazi et al., 2019;[START_REF] Tsufac | Assessing the role of agroforestry in soil fertility improvement in Mbelenka-Lebialem, Southwest Cameroon[END_REF][START_REF] Awazi | Climate change resiliency choices of small-scale farmers in Cameroon: determinants and policy implications[END_REF] [START_REF] Syampungani | The potential of using agroforestry as a win-win solution to climate change mitigation and adaptation and meeting food security challenges in Southern Africa[END_REF][START_REF] Rao | Climate variability and change: farmer perceptions and understanding of intra-seasonal variability in rainfall and associated risk in semi-arid Kenya[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Mbow | Achieving mitigation and adaptation to climate change through sustainable agroforestry practices in Africa[END_REF][START_REF] Charles | Agroforestry as Adaptation Strategy under Climate Change in Mwanga District, Kilimanjaro, Tanzania[END_REF][START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF][START_REF] Kabir | Adaptation of farming practices by smallholder farmers in response to climate change[END_REF][START_REF] Sobola | The role of agroforestry in environmental sustainability[END_REF][START_REF] Newaj | Recent development in agroforestry research and its role in climate change adaptation and mitigation[END_REF]Awazi and Tchamba, 2019), owing to its ability to supply a plethora of ecosystem services to smallholder farmers which gives agroforestry practicing farmers an edge over their non-agroforestry practicing counterparts, faced with climate variability and change. However, little or nothing has been done so far to assess the contributions of agroforestry towards reducing smallholder farmers' vulnerability to climate variability and change in Cameroon in general and the North-West Region of Cameroon in particular which has been fully addressed by this study, thus filling the knowledge gap. variability and change was descriptive, qualitative and conceptual [START_REF] Mccarthy | Climate Change in the Context of Multiple Stressors and Resilience[END_REF]Deressa et al., 2009;[START_REF] Gordon | The science of climate change in Africa: Impacts and Adaptation, Grantham Institute for Climate Change, Discussion Paper number 1[END_REF][START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF][START_REF] Gbetibouo | Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo Basin, South Africa[END_REF][START_REF] Folke | Resilience thinking: integrating resilience, adaptability and transformability[END_REF]Deressa et al., 2011;World Bank, 2013;[START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF]. Meanhwhile very little research had been carried out to assess the contribution of agroforestry practices towards enhancing smallholder farmers' resilience to climate variability and change across different parts of Africa and the tropics [START_REF] Verchot | Climate change: linking adaptation and mitigation through agroforestry[END_REF][START_REF] Rao | Adaptation to Climate Change through Sustainable Management and Development of Agroforestry Systems[END_REF][START_REF] Igo Lin | Agroforestry management as an adaptive strategy against potential microclimate extremes in coffee agriculture[END_REF][START_REF] Nsabimana | Soil carbon and nutrient accumulation under forest plantations in southern Rwanda[END_REF][START_REF] Lott | Understorey microclimate and crop performance in a Grevillea robusta-based agroforestry system in semi-arid Kenya[END_REF][START_REF] Thorlakson | Reducing subsistence farmers' vulnerability to climate change: the potential contributions of agroforestry in western Kenya[END_REF][START_REF] Nguyen | Multipurpose agroforestry as a climate change resiliency option for farmers: an example of local adaptation in Vietnam[END_REF][START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF][START_REF] Mbow | Agroforestry solutions to address food security and climate change challenges in Africa[END_REF][START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF][START_REF] Vaast | Trade-offs between crop intensification and ecosystem services: the role of agroforestry in cocoa cultivation[END_REF][START_REF] Kumar | Multifunctional Agroforestry Systems in Tropics Region[END_REF]Liyama et al., 2017;[START_REF] Awazi | Adaptation Options Enhancing Farmers' Resilience to Climate Change[END_REF]Toppoand Raj, 2018;Awazi and Tchamba, 2019), with little or nothing done in Cameroon in general and the North-West Region of Cameroon in particular.

This study therefore actively sought to fill the aforementioned knowledge gaps.

Thus, pertaining to the determinants of smallholder farmers' resilience faced with climate variability and change, it was found that a statistically significant non-causal relationship existed between explanatory variables (number of farms, household size, age of household head, household income, educational level, gender, practice of agroforestry, access to information, access to credit, access to land, and access to extension services) and smallholder farmers' resilience, which goes to show that these variables plausibly affect smallholder farmers' resilience faced with climate variability and change. Meanwhile, a statistically significant positive causal relationship was found to exist between five explanatory variables (number of farms, access to information, household income, access to credit, and access to land) and smallholder farmers' resilience, demonstrating that these variables played a major role in enhancing smallholder farmers' resilience to climate variability and change. Hence, smallholder farmers with many farms are more resilient to climate variability and change which could be attributed to more yields obtained from these many farms which is consumed by the household and excess sold to buy farm inputs. In the same light, smallholder farmers with better access to information are more resilient than their counterparts with limited or no access which could be attributed to the fact that smallholder farmers with easy access to information are able to make plans into the future which helps them to adopt best practices. Equally, smallholder farmers with more income and access to credit facilities are more resilient than their fellow farmers with limited or no access to credit.

This could be due to the fact that smallholder farmers with easy access to credit facilities are able to buy better farm inputs and can easily switch to best practices which act as a buffer to the adverse effects of climate variability and change. Meanwhile smallholder farmers with limited income and little or no access to credit facilities are unable to buy good farm inputs and cannot switch to best practices on time which renders them weak in the face of climate extremes. Similarly, smallholder farmers with more access to land were more resilient than their counterparts with limited or no land which could be attributed to the fact that land is an indispensable asset to any farmer for it is the most important fixed asset, and without it, no farming activity can take place.

As especially goal 1on poverty reduction; goal 2 on zero hunger; and goal 13 on climate action.

Recommendations

Drawing inspiration from the findings of this study, which clearly showed that agroforestry  Ease access to land especially for women in order to enable them practice agroforestry which would help enhance their resilience to climate variability and change;

 Create jobs in non-farming sectors which will encourage farmers to take part in offfarm activities which will go a long way to diversify their income and enhance their resilience to climate variability and change;

 Encourage farmers' involvement in community organizations like farming groups which will help them get novel ideas through information and knowledge sharing;

 Construct and maintain farm-to-market roads to ease evacuation of farm produce to the market which will go a long way to increase farmers' income and enhance resilience to climate variability and change;

 Create more local markets to ease the marketing of farmers' produce which help to increase farmers' income, thus enhancing resilience to climate variability and change.

To the government

 Create and staff more research institutions involved in climate change research and weather forecast, in order to provide farmers with much needed weather information;

 Create and staff more research institutions involved in agroforestry research in order to provide smallholder farmers with climate-smart agroforestry practices;

 Construct more farm-to-market roads in order to ease farmers' evacuation of their farm produce to the market;

 Create a stabilization fund that helps to stabilize fluctuations in the prices of farm products;

 Create more markets to ease the sale of farmers' produce;

 Employ and deploy more agricultural extension agents to assist smallholder farmers on the field;

 Create more jobs in the secondary and tertiary sectors in order to reduce dependence on farming activities which are too climate dependent;

 The land tenure system should be reoriented in order to ease access to land especially for women;

 Tree rights should be guaranteed for practitioners of agroforestry in order to encourage farmers to take up the practice;

 Farmers' banks should be created to provide credit and loans to smallholder farmers;

 The existing agroforestry practices of smallholder farmers should be promoted and more climate-smart agroforestry technologies should be invented and vulgarized among smallholder farmers to reduce their vulnerability and enhance their resilience to climate variability and change.

Policy implications

This study sought to assess the contributions of agroforestry practices to the reduction of Secondly, the main agroforestry practices that played a significant contribution towards 
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 4 agroforestry practices in smallholder farming systems in Cameroon, little or no research has been undertaken to assess the contribution of agroforestry towards vulnerability reduction and resilience enhancement to climate variability and change. This study therefore sought to blaze a trail and illuminate new pathways by looking at how this somewhat ubiquitous and age-old practice (agroforestry) contributes to vulnerability attenuation and resilience enhancement in smallholder farming systems in Cameroon in general and the North-West Region of Cameroon in particular, faced with climate variability and change.1.2. Statement of the problemAgricultural production in the North-West Region of Cameroon in general and Mezam division in particular is presently threatened by climate variability and change coupled with other factors such as poverty, poor market access, limited inputs, severe soil degradation and limited access to credit facilities. Smallholder farmers' almost complete dependence on rainfed agriculture for their livelihoods makes for a scenario where any variation in climate has direct repercussions on food production. Their vulnerability to extreme climate events is largely due to their limited adaptive capacity. Although smallholder farmers have little capacity to adapt to the adverse effects of extreme weather events, they have not just succumbed. They are increasingly resorting to and/or intensifying practices that can help them better adapt to and mitigate the adverse effects of the increasingly variable and changing climate. One of the sustainable and agro-ecological farming systems practiced by smallholder farmers is agroforestry. However, despite the seemingly widespread nature of agroforestry practices, there exists a dearth of knowledge on how they contribute to attenuate vulnerability and enhance resilience in smallholder farming systems faced with climate variability and change. Given the predicted rate and magnitude of climate variability and change in the North-West Region of Cameroon in general and Mezam division in particular, it is imperative to document and promote the implementation of climate-smart practices like agroforestry in smallholder farming systems, in order to limit the ravaging impacts of climate variability and change on smallholder farmers. And because most small-scale farmers on their own may not be able to adjust their farming systems fast enough to match the rate of climate variability and change, low cost, environmentally benign and climate smart practices like agroforestry are of the essence. Agroforestry practices therefore hold the key to the future for smallholder farmers in the North-West Region of Cameroon in general and Mezam division in particular within the present dispensation of an increasingly variable and changing climate. It was within this backdrop that this research work sought to examine the contribution of agroforestry to the attenuation of vulnerability and the enhancement of resilience to climate variability and change in smallholder farming systems in Mezam division, North-West Region of Cameroon. To accomplish this arduous task, the following main research question was posed:  What is the contribution of agroforestry practices to the attenuation of vulnerability and the enhancement of resilience of smallholder farmers faced with climate variability and change in the North-West Region of Cameroon? To provide plausible answers to the main research question, the following specific/secondary research questions were posed:  What are the drivers of smallholder farmers' vulnerability to climate variability and change in Mezam division, North-West Region of Cameroon?  What are the different agroforestry practices of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change?  What is the role of agroforestry practices to the attenuation of vulnerability of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change?  What are the contributions of agroforestry practices to the enhancement of resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change? To provide better answers to the main and specific research questions posed, main and specific objectives were set: 1.3. Objectives of the study This study sought to attain the following main and specific objectives:  Main objective  To contribute towards reducing vulnerability and enhancing resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change through the documentation of agroforestry practices. To assess the drivers of smallholder farmers' vulnerability to climate variability and change in Mezam division, North-West Region of Cameroon;  To characterize smallholder farmers' agroforestry practices in the face of climate variability and change in Mezam division, North-West Region of Cameroon;  To evaluate the role of agroforestry practices to the attenuation of vulnerability of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change;  To examine the contribution of agroforestry practices to the enhancement of resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change. Hypotheses of the study For the aforementioned main and specific objectives to have more focus and objectivity, the following main and specific hypotheses were tested:  Main hypothesis  Ecosystem services resulting from agroforestry practices contribute the most towards reducing vulnerability and enhancing resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change.  Specific hypotheses  Recurrent extreme weather events are the major driver of smallholder farmers' vulnerability to climate variability and change in Mezam division, North-West Region of Cameroon.  Agroforestry practices categorized under the agrosilvicultural agroforestry system are the most practiced by smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change.  Provisioning services of agroforestry contribute the most towards reducing the vulnerability of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change.  Provisioning services of agroforestry contribute the most towards enhancing the resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change. The main and specific hypotheses of the study were inspired by the research works of other authors who carried out research in the same line of study in Cameroon, Africa and the tropics in particular and the world in general: The main hypothesis of the study which states that -ecosystem services resulting from agroforestry practices contribute the most towards reducing vulnerability and enhancing resilience of smallholder farmers in Mezam division, North-West Region of Cameroon, faced with climate variability and change‖ was inspired by the research works of Verchot (2007); Mbow et al. (2013); Nguyen et al. (2013); and Awazi et al. (2019) which all demonstrated that ecosystem services resulting from smallholder farmers' agroforestry practices/systems could go a long way to enhance their adaptation to climate variability and change. It was therefore this line of thought that guided the stating of the main hypothesis of the study.Meanwhile, the first specific hypothesis of the study which states that -recurrent extreme weather events are the main driver of smallholder farmers' vulnerability to climate variability and change in Mezam division, North-West Region of Cameroon‖ was inspired by the research works of[START_REF] Rurinda | Sources of vulnerability to a variable and changing climate among smallholder households in Zimbabwe: A participatory analysis[END_REF],[START_REF] Innocent | Climate variability and change in the Bamenda Highlands of The North-West Region of Cameroon: Perceptions, Impacts and Coping mechanisms[END_REF],[START_REF] Fongnzossie | Assessing climate change vulnerability and local adaptation strategies in adjacent communities of the Kribi-Campo coastal ecosystems, South Cameroon[END_REF] andAwazi et al. (2019). All these research works have in one way or the other proofed that reccurrent extreme weather events play some part in smallholder farmers' vulnerability to climate variability and change. The findings of these studies therefore influenced the stating of this specific hypothesis.

  vulnerability and enhancing their resilience to climate variability and change as it documents different climate-smart agroforestry practices/systems. NGOs as well as local, national and international policy makers can use the results of this study to re-orientate their policy options pertaining to the attenuation of vulnerability and the enhancement of resilience to climate variability and change through the practice of agroforestry in smallholder farming systems. Theoretically, this study adds more knowledge to the limited body of existing literature on the use of agroforestry to attenuate vulnerability and enhance resilience to climate variability and change in smallholder farming systems. 1.6. Thesis outline This thesis contains five chapters. Chapter one is introductory and hence contains the background of the study, statement of the problem, research questions, objectives, hypotheses and significance of the study. Chapter two looks at literature review and embodies definition of key concepts, drivers of small-scale farmers' vulnerability to climate variability and change, contribution of agroforestry practices to the attenuation of vulnerability and the enhancement of resilience of smallholder farmers faced with climate variability and change, classification of agroforestry systems, trade-offs in agroforestry systems, tree diversity and density in agroforestry systems in sub-Saharan Africa, conceptual framework, and theoretical framework. Chapter three focuses on the methodology of the study and thus embodies description of the study site, sampling techniques, data collection procedures, data analysis procedure and limitations of the survey. Chapter four delves into results and discussion pertaining to drivers of smallholder farmers' vulnerability to climate variability and change, characterization of agroforestry practices, contribution of agroforestry practices to attenuation of vulnerability of smallholder farmers to climate variability and change, and the role of agroforestry practices to smallholder farmers' resilience enhancement in the face of climate variability and change. Chapter five looks at the conclusions, recommendations, and policy implications of the study.

  enhancement in smallholder farming systems faced with climate variability and change Studies carried out by the FAO (2010a); Rao et al. (2011); Thorlakson (2011); Bishaw et al. (2013); Mbow et al. (2013a); Mbow et al. (2013b); Kabir et al. (2015); Awazi and Tchamba (2019) all demonstrated that agroforestry practices like home gardens, scattered trees on croplands, improved fallows, cocoa, coffee and banana agroforests constitute climate-smart and sustainable adaptation options implemented by smallholder farmers mostly in the developing economies of Africa, Asia, and Latin America in the face of climate variability and change. These studies found that agroforestry practices are low cost, climate-smart landuse systems which provide the four ecosystem services described by the Millennium Ecosystem Assessment report (provisioning, regulating, cultural, and supporting services) (MEA

  farming systems (agroforestry and non-agroforestry systems) faced with climate variability and change. This method quantifies the vulnerability of smallholder farming systems (agroforestry and non-agroforestry systems) based on some indicators. Several indicators can be used to examine the vulnerability of smallholder farming systems to climate variability and change. Following the IPCC (2001), vulnerability to climate variability and change is a function of three basic indicators namely: exposure, sensitivity and adaptive capacity (resilience) (Figure 2.1).

Figure 2 . 1 :

 21 Figure 2.1: Vulnerability framework for smallholder farming systems (agroforestry and non-agroforestry systems) in the the North-West Region of Cameroon Source: Adapted fromGbetibouo and Ringler (2009) 

  smallholder farmers who belong to farm organizations are more aware of environmental changes and new agricultural technologies owing to information sharing during meetings which helps to beef-up resilience. However in Mezam division, North-West Region of Cameroon, there are relatively few smallholder farmers' organizations which go to limit the adaptive capacity of smallholder farming systems (agroforestry and non-agroforestry systems) in the face of climate variability and change.

Figure 2 . 2 :

 22 Figure 2.2: Patterns of resilience to climate variability and change in smallholder farming systems (agroforestry and non-agroforestry systems) in Mezam division, North-West Region of Cameroon: (a) to stress (b) to shock. Source: Adapted from Gordon (2009) Figure 2.2 (a) and (b) show the trends that occur is a smallholder farming system when faced with a climate-related stress or shock. Climate related stresses or shocks are regular occurrences in smallholder farming systems in the North-West Region of Cameroon. In some
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  et al. (2010),[START_REF] Bishaw | Farmers' strategies for adapting to and mitigating climate variability and change through agroforestry in Ethiopia and Kenya[END_REF],[START_REF] Mbow | Knowledge gaps and research needs concerning agroforestry's contribution to Sustainable Development Goals in Africa[END_REF], andAwazi and Tchamba (2019) have demonstrated that agroforestry systems through the ecosystem services they provide, can play a major role in aiding climate change adaptation and mitigation efforts especially among smallholder farmers. It must however be said that these studies did not assess the contribution of agroforestry practices towards the enhancement of smallholder farmers' resilience faced with climate variability and change, which was the knowledge gap this study sought to fill. of the study site The study was carried out in the North-West Region of Cameroonspecifically in Mezam division (Figure 3.1). Mezam Division is one of the seven divisions found in the North-West Region of Cameroon. It is located between longitude 10ᵒ08 to 10ᵒ12 E and latitude 5ᵒ55 to 6ᵒ00 N. It covers a surface area of 1745 km 2 .

Figure 3 . 1 :

 31 Figure 3.1: Map of the study area

  these strata as follows: Bamenda I sub-division (Mendakwe village); Bamenda II sub-division (Mankon village); Bamenda III sub-division (Nkwen village); Tubah sub-division (Bambui, Bambili and Kedjom Keku villages); and Santa sub-division (Awing, Akum, Njong and Mbei villages). It is important to note that, many more villages were selected from Tubah and Santa sub-divisions owing to their essentially rural milieu which suited the study perfectly. The third phase involved focus group discussions with smallholder farmers; and key informant interviews (KIIs) with village leaders, chiefs of agricultural posts, divisional and subdivisional delegates in the Ministries of Agriculture and Rural Development; Environment, Protection of Nature and Sustainable Development; Livestock, Fisheries and Animal

  The vulnerability and resilience framework proposed by the Inter-governmental Panel on Climate Change (IPCC) was adapted for this study. Following this framework, vulnerability to climate variability and change is a function of three main indicators: exposure, sensitivity and adaptive capacity (resilience).The indicators of exposure of smallholder farming systems (agroforestry and nonagroforestry systems) to climate variability and change were variations and changes in climate parameters (temperature and rainfall) and the recurrence of extreme weather events.It was hypothesized that the greater the variations and changes in climate parameters, and the more frequently extreme weather events occur, the greater the exposure of smallholder farming systems (agroforestry and non-agroforestry systems) to climate variability and change.The indicators of sensitivity to climate variability and change were the type of smallholder farming system practiced (agroforestry or non-agroforestry system). The main agroforestry practices of smallholder farmers in the face of climate variability and change were home gardens, home gardens with livestock, trees on croplands, trees on grazing lands, improved fallows, and coffee-based agroforestry. Meanwhile, the main non-agroforestry systems of smallholder farmers were monocultures of food and market gardening crops like maize, groundnuts, yams, cocoyams, cassava, sweet potatoes, Irish potatoes, cabbages, carrots, tomatoes, condiments; and monocultures of cash crops like coffee and oil palms. It was hypothesized that smallholder farmers practicing agroforestry were less sensitive to climate variability and change than their counterparts who were into the non-agroforestry options.The indicators of adaptive capacity (resilience) were social capital (gender of household head, age of household head, and household size); human capital (educational level, membership in farming groups); financial capital (household income, number of farms, access to land, access to credit); and physical capital (weather stations providing climaterelated information, institutions providing extension services, markets, farm-to-market roads).It was hypothesized that as social, financial, human and physical capital increases, resilience increases. Meanwhile as social, financial, human and physical capital decreases, resilience equally decreases. Thus, for vulnerability to reduce in the face of climate variability and change, smallholder farming systems (agroforestry and non-agroforestry systems) need to experience less exposure, have less sensitivity, and have more adaptive capacity or resilience.

  questionnaire was sub-divided into five sections. The first section looked at the demographic and socio-economic attributes of the respondents. These attributes included gender, age, education, marital status, household size, annual family income, and number of farms. The second section laid emphasis on the perceptions of smallholder farmers pertaining to climate variability and change as well as their vulnerability to climate variability and change. The third section focused on the different agroforestry practices of smallholder farmers in the face of climate variability and change. The fourth section focused on the role of these agroforestry practices in reducing smallholder farmers' vulnerability to climate variability and change.

  Two hundred (200) smallholder farmers' agroforestry plots (appendix 7 and appendix 10) and seventy (70) smallholder farmers' non-agroforestry plots (appendix 11) were surveyed in the 10 villages under study (Tables3.3 and 3.4). The geographical coordinates (latitude, longitude and altitude) of each surveyed plot were taken using Garmin GPS 60, and used to establish a map showing the distribution of the different plots (Figure3.2).
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 32 Figure 3.2: Map showing distribution of agroforestry and non-agroforestry plots surveyed

  area. The key informant interviews (KIIs) focused on aspects like perception of climate variability and change, indicators of climate variability and change, effects of climate variability and change, vulnerability and resilience to climate variability and change, agroforestry practices and systems, products and services of agroforestry practices and systems, contribution of agroforestry practices/systems to the attenuation of smallholder farmers' vulnerability to climate variability and change; and role of agroforestry practices/systems to the enhancement of smallholder farmers' resilience in the face of climate variability and change. The interview was coordinated by the principal investigator using a checklist or interview guide (appendix 6). Mainly resource persons were interviewed: delegates and sub-delegates in the divisional and sub-divisional delegations of agriculture and rural development; livestock, fisheries and animal husbandry; forestry and wildlife; environment, protection of nature and sustainable development; chiefs of agricultural posts in the study sites, traditional leaders (chiefs or Fons, Sarkis and Ardos); and heads of farmers' groups (appendix 1).

  practices and systems, and role of agroforestry systems to vulnerability attenuation and resilience enhancement in the face of climate variability and change. The discussion was led by the principal investigator with the help of a drafted interview guide or checklist (appendix 8). Mostly experienced persons of both genders were invited to participate in the focus group discussions. The participants provided necessary information based on their recall of past and present experiences on the subject matter of the study. Five focus group discussions were conducted in the five selected sub-divisions in Mezam division, North-West Region of Cameroon.
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 33 Figure 3.3: Data collection methods for the study Source: Awazi (2019)

  Smallholder farmers' perceptions as well as climate data collected from weather stations in the North-West Region of Cameroon were then coded and imputed into SPSS version 20.0 for descriptive and inferential statistical analysis. 3.4.2.7. Characterizing smallholder farmers' agroforestry practices in the face of climate variability and change There exists scholarship (although few) which have used different data collection methods to characterize smallholder farmers' agroforestry practices in the face of climate variability and change. For this study, household and field surveys were conducted. During the household surveys, smallholder farmer household heads practicing agroforestry were asked to identify the different agroforestry practices they practiced in the face of climate variability and change. Smallholder farmer household heads who practiced agroforestry in the face of climate variability and change usually took to a combination of agroforestry practices simultaneously. The different agroforestry practices cited by smallholder farmer household heads were then classified under three main agroforestry systems: agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems. Information gotten from household surveys was complemented with that gotten from field inventories of smallholder farmers' agroforestry plots. Both the agroforestry practices identified by smallholder farmer household heads and the classified agroforestry practices (agroforestry systems) were then coded and imputed into SPSS version 20.0 for descriptive and inferential statistical analysis. Little or no research has been done that applies this data collection procedure to characterize smallholder farmers' agroforestry practices faced with climate variability and change. Most studies conducted across Africa have applied other data collection approaches which are mostly qualitative or based on a review of previous literature

  methods have been used by various studies to examine the contribution of agroforestry practices to vulnerability reduction and resilience enhancement to climate variability and change in smallholder farming systems. For this study, household surveys were conducted during which smallholder farmers' perceptions were obtained.

  on the Statistical Package for Social Sciences (SPSS) version 20.0, Microsoft Excel 2007, and STATA 13.0. Both descriptive and inferential statistics were used in the study. Smallholder farmers' perceptions of climate variability and change; causes or sources of vulnerability to climate variability and change; as well as agroforestry practices were presented using descriptive statistics (percentages indices and charts). The study equally made use of different inferential statistics (t-test, chi-square, correlation, Kruskall Wallis (H) test, binary logistic regression and multinomial logistic regression models) to assess the causal and non-causal relationship between the hypothesized dependent and independent variables of the study.

  Before running the binary logistic regression model, the Box-Tidwell Test was used to test if the relationship between the continuous predictors and the logit (log odds) was linear. This assumption was tested by including in the model, interactions between the continuous predictors and their logs. The aforementioned assumption and the binary logistic (BNL) regression proper were done on SPSS version 20.0.After an in-depth literature review, no study conducted across Cameroon, Africa and the tropics was found to have used the binary logistic regression model to analyze the causal relationship between smallholder farmers' vulnerability and resilience to climate variability and change; and most especially the contribution of agroforestry practices/systems towards reducing vulnerability and enhancing resilience to climate variability and change. Most studies that used the binary logistic (BNL) regression model focused mainly on the drivers of farmers' adaptation to climate variability and change(Di Falcao et al., 2011;[START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF][START_REF] Awazi | Determinants of small-scale farmers' adaptation decision to climate variability and change in the North-West Region of Cameroon[END_REF].

P

  is a random variable (agroforestry systems) with the values (1,2,..............J); j: is a positive integer; x: is a set of conditioning variables (socio-economic, institutional and environmental factors); is K×1. The running of the multinomial logistic (MNL) regression model proper was done on SPSS version 20.0. But before running the actual model estimate, the Hausman Specification test was run on STATA version 13 in order to check the validity of the Independence of Irrelevant Alternatives (IIA) assumption. The test result failed to reject the null hypothesis of the independence of the different agroforestry systems under consideration. This implies that the application of the multinomial logistic (MNL) specification was appropriate to model the determinants of smallholder farmers' choice of agroforestry systems faced with climate variability and change. Following an in-depth review of literature, it was found that, this one of the first studies undertaken in Cameroon, Africa and the tropics that makes use of the multinomial logistic regression model to analyze the determinants of smallholder farmers' choice of agroforestry systems faced with climate variability and change. Most studies conducted across Cameroon, Africa and the tropics have rather used the multinomial logistic (MNL) regression model to

  Hence, the findings of this study are novel, valid and relevant, and paint a state of the art picture of the situation of smallholder farmers' vulnerability and resilience to climate variability and change, and the contributions of agroforestry practices towards the attenuation of vulnerability and the enhancement of resilience of smallholder farmers to climate variability and change. has been varying tremendously across the years from 1961 to 2018. The annual mean temperature was most especially high between the years 1961-1965,

  with annual mean temperatures of 20.12 o C, 19.74 o C, 19.98 o C, 19.77 o C, 20.28 o C, 20.43 o C and 20.88 o
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 41 Figure 4.1: Annual mean temperature variation 1961-2018

  30 o C, 0.60 o C, 0.26 o C, 0.60 o C and 1.10 o C respectively (Figure 4.2).

Figure 4 . 2 :

 42 Figure 4.2: Annual temperature residuals 1961-2018

  08 o C, -0.22 o C, -0.28 o C, -1.38 o C, and -1.34 o C respectively. The highest positive temperature anomaly (1.10 o C) was recorded in the years 2016-2018 while the highest negative temperature anomaly (-1.38 o C) was recorded in the years 1981-1985 (Figure 4.2). Therefore, temperature extremes have been the norm in the North-West Region of Cameroon in the past five decades.
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 43 Figure 4.3: Annual average rainfall variation 1961-2018
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 44 Figure 4.4: Annual rainfall residuals 1961-2018

  characterized by annual average rainy days of16, 17.7, 16.92, 16.5, 16.08, 17 and 16.5 respectively (Figure 4.5).

Figure 4 . 5 :

 45 Figure 4.5: Annual average rainy days variation 1961-2018

Figure 4 . 6 :

 46 Figure 4.6: Annual rainy days residuals 1961-2018

  recorded in the years 1966-1970 and 2016-2018 respectively (Figure 4.5). Hence, the average number of rainy days per year have been varying enormously in the past five decades in the North-West Region of Cameroon.

Figure 4 .

 4 7), or as temperature increases, rainfall might decrease (Figure 4.7).
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 47 Figure 4.7: Relationship between rainfall and temperature 1961-2018
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 48 Figure 4.8: Relationship between rainy days and temperature
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 49 Figure 4.9: Relationship between rainy days and rainfall 1961-2018
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 410 Figure 4.10: Smallholder farmers' perceptions of variations in temperature
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 411 Figure 4.11: Smallholder farmers' perceptions of variations in sunshine

Figure 4 . 12 :

 412 Figure 4.12: Smallholder farmers' perception of variations in quantity of rainfall Pertaining to rainfall consistency (Figure 4.13), a majority of smallholder farmers perceived that rainfall has been much more variable in recent years (77.71%). While 14.86% of the
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 4134414 Figure 4.13: Smallholder farmers' perceptions of consistency in rainfall

Figure 4 .

 4 Figure 4.15: Smallholder farmers' perceived degree of vulnerability to climate variability and change

  a very drastic reduction in smallholder farmers' vulnerability to climate variability and change.

  access to agricultural extension services had weak inverse relationships with smallholder farmers' vulnerability, it still goes to show that an increase in any of these explanatory variables probably leads to a reduction (although less drastic) in smallholder farmers' vulnerability to climate variability and change. Hence, there exists a correlation (non-causal relationship) between smallholder farmers' vulnerability to climate variability and change, and various explanatory/independent variables, which indicates that smallholder farmers' vulnerability faced with climate variability and change could be directly or indirectly linked to these independent/explanatory variables.

( 5 ,

 5 n = 350 =363.05, p<0.001), indicated that the model is statistically significant and has a strong explanatory power. Nagelkerke R 2 (0.973) demonstrated that the model explained up to 97.3% of the variations in smallholder farmers' vulnerability faced with climate variability and change. Moreover, the model correctly classified up to 99.7% of smallholder farmers' vulnerability to climate variability and change. Looking at all these, it can be said that the predictions of this model are very much valid as far as predicting the factors influencing smallholder farmers' vulnerability to climate variability and change in the North-West Region of Cameroon are concerned. agroforestry practices of smallholder farmers The agroforestry practices of smallholder farmers in the face of climate variability and change were generally varied, and most smallholder farmers were into several agroforestry practices at a time (Figure 4.16).

( 4 .

 4 68%) like fodder banks, windbreaks and trees on grazing lands with crops (Figure4.16).
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 416 Figure 4.16: Agroforestry practices of smallholder farmers

Figure 4 . 17 :

 417 Figure 4.17: Ecosystem services of agroforestry identified by smallholder farmers

was 0 .

 0 842, it indicated that up to 84.2% of the changes in smallholder farmers' choice of agroforestry systems faced with climate variability and change were explained by changes in the different explanatory variables. Looking at the values of the Likelihood Ratio X 2 and the Nagelkerke R 2 , it could be safely concluded that the predictions of this model are very much valid pertaining to the contribution of the different explanatory variables in influencing smallholder farmers' choice of agroforestry systems faced with climate variability and change. An analysis of the relationship between agroforestry practices and smallholder farmers' vulnerability to climate variability and change revealed that different agroforestry practices except the home garden had a strong inverse relationship with smallholder farmers' vulnerability to climate variability and change (Table

  model correctly classified up to 97.62% of smallholder farmers' vulnerability face with climate variability and change. And looking at the Nagelkerke R 2 (Pseudo R 2 ) of the model which was 0.967, it demonstrated that up to 96.7% of the changes in smallholder farmers' vulnerability faced with climate variability and change were explained by changes in smallholder farmers' agroforestry practices. From the values of the Likelihood Ratio X 2 , the number of cases correctly classified and the Nagelkerke R 2 , it can be safely concluded that the predictions of this model are very much valid as far as the contribution of agroforestry practices in reducing smallholder farmers' vulnerability to climate variability and change is concerned. perceived factors affecting resilience to climate variability and change Looking at smallholder farmers' resiliency to climate variability and change (CVC) (Figure 4.20), it was found that all the smallholder farmers perceived access to land (100%) and household income (100%) as being the main factors affecting resilience to climate variability and change.
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 420 Figure 4.20: Factors affecting resilience to climate variability and change perceived by smallholder farmers

  the degree of resilience of smallholder farmers in the face of climate variability and change (Figure4.21), most smallholder farmers perceived that they were not resilient (58%).

Figure 4 .

 4 Figure 4.21: Degree of resilience to climate variability and change perceived by smallholder farmers

  However, very few research works have examined the drivers of smallholder farmers' vulnerability to climate variability and change in an in-depth and holistic manner, and employing quantitative techniques. It was within this framework that this study sought to fill this knowledge gap. Based on the findings of the study, three broad categories of variables i.e. climate-related, socio-economic and institutional variables were the main drivers of smallholder farmers' vulnerability to climate variability and change. With respect to climate-related variables driving smallholder farmers' vulnerability to climate variability and change, it was noticed that two climate parameterstemperature and rainfall, were the main variables driving vulnerability. With high levels of fluctuation in temperature and rainfall in the past five decades, smallholder farmers increasingly find it difficult to plan for the farming season. Farmers' local knowledge about weather trends has been hampered by high levels of fluctuation in rainfall and temperature in particular, and other extreme weather events, making it near impossible for farmers to know the start and the end of the farming season (onset and cessation of the rainy season). Although several studies carried out in rural Cameroon in general and Mezam division in particular have demonstrated high levels of variability in climate parameters (temperature and rainfall in particular) in recent

  have demonstrated the existence of a plausible non-causal and causal relationship between climate parameters (temperature, rainfall, and rainy days) in the present dispensation of climate variability and change, little or no research has been carried out in Cameroon in general and the North-West Region of Cameroon in particular, examining the relationship that exists between climate parameters in the face of climate variability and change. These knowledge gaps have been fully addressed in this study. Pertaining to socio-economic and institutional variables driving smallholder farmers' vulnerability to climate variability and change, a number of studies carried out across

  attempted to classify the agroforestry practices/systems used by smallholder farmers to adapt to and mitigate the impacts of climate variability and change, most of the research was superficial, descriptive, conceptual and mostly based on a review of literature. Studies conducted in Cameroon in general and the North-West Region of Cameroon in particular have done little or nothing to characterize smallholder farmers' agroforestry practices faced with climate variability and change. A review of literature found that just Awazi (2016) and Awazi et al. (2019) conducted some research (although very superficial) assessing smallholder farmers' adaptation options (agroforestry being one of the adaptation options) faced with climate variability and change in Mbengwi Central sub-division, the North-West Region of Cameroon. The findings of this study have therefore come in to fill this knowledge vacuum. Moreover, the study quantified the ecosystem services derived from smallholder farmers' agroforestry practices; the main classes of agroforestry tree/shrub species integrated on smallholder farmers' agroforestry farm plots; the food and cash crop species integrated on smallholder farmers' agroforestry plots; common livestock species reared by smallholder farmers practicing agroforestry; and common tree/shrub species integrated within smallholder farmers' agroforestry plots; in the face of climate variability and change. Hence, faced with climate variability and change, smallholder farmers take to a plethora of agroforestry practices, within which they integrate a diversity of food and cash crops; livestock; and trees/shrubs species in order to obtain the five -Fs‖ (Food, fodder, fuelwood, finance and soil fertility improvement) which helps them reduce vulnerability and enhance resilience to climate variability and change. This study is therefore one of the first to do a broad-based characterization of agroforestry practices taken up by smallholder farmers in Cameroon in general and the North-West Region of Cameroon in particular, in the face of climate variability and change. study sought to examine the determinants of smallholder farmers' practice of agroforestry faced with climate variability and change; and to assess the contributions of different agroforestry practices to the reduction of smallholder farmers' vulnerability to climate variability and change.

  , little or nothing has been done to assess the determinants of smallholder farmers decision to take to agroforestry and choice of agroforestry systems faced with climate variability and change. It was in this light this study sought to fill this gaping knowledge void with a goal to influencing policy. The existence of a statistically significant non-causal relationship between several explanatory variables (number of farms, household size, age of household head, household income, educational level, gender, access to information, access to credit, access to land, and access to extension services) and smallholder farmers' practice of agroforestry faced with climate variability and change, demonstrates that these variables plausibly affect smallholder farmers' decision to practice agroforestry faced with climate variability and change.Meanwhile the existence of a statistically significant positive causal relationship between five explanatory variables (age of household head, access to information, household income, access to credit, and vulnerability) and smallholder farmers' practice of agroforestry faced with climate variability and change, indicates that these five explanatory variables play a major role in enhancing smallholder farmers' practice of agroforestry faced with climate variability and change. This could be attributed to the fact that age goes with experience and the older the farmer, the more experience they have about best practices like agroforestry; access to information makes farmers more knowledgeable about best practices like agroforestry and increases their propensity to practice agroforestry; more household income enables farmers to buy better farm inputs and equipments as well as pay for farm operations like clearing, tilling and pruning; access to credit gives farmers more leverage to choose best practices like agroforestry; and vulnerability to climate variations pushes farmers to take to best practices like agroforestry that help them reduce vulnerability. Smallholder farmers' choice of agroforestry systems (agrosilvicultural, silvopastoral, and agrosilvopastoral agroforestry systems) was mainly influenced positively by access to information, household income and access to land. This could be attributed to the fact that information helps farmers to make better decisions especially with regards to the adoption and application of best farming practices. Household income enables farmers to pay for agroforestry farm operations like clearing, tilling, thinning and pruning; as well as the purchase of better farm equipments and inputs. Land on its part is an indispensable asset especially for practices like agroforestry which demand large expanses of land. Thus, smallholder farmers' practice of agroforestry and choice of agroforestry system faced with climate variability and change is influenced by several variables. Secondly, pertaining to the contributions of agroforestry practices to the reduction of smallholder farmers' vulnerability to climate variability and change, it was found that seven agroforestry practices (home gardens with livestock, trees on cropland, live fences/hedges; trees on grazing land; coffee-based agroforestry, Taungya and improved fallows) plausibly contribute towards reducing smallholder farmers' vulnerability to climate variability and change, owing to the existence of a statistically significant negative non-causal relationship between these agroforestry practices and smallholder farmers' vulnerability to climate variability and change. Meanwhile five agroforestry practices (home garden with livestock, trees on cropland, trees on grazing land, coffee-based agroforestry, and Taungya) played a major role in reducing smallholder farmers' vulnerability to climate variability and change, owing to the existence of a statistically significant negative causal relationship between these five agroforestry practices and smallholder farmers' vulnerability to climate variability and change. The contribution of these agroforestry practices towards reducing smallholder farmers' vulnerability to climate variability and change could be attributed to the different ecosystem services provided by these agroforestry practices like food, fodder, fuelwood, finance, and soil fertility enhancement. Agroforestry as an adaptation and mitigation option to climate variability and change has been proven by different studies carried out across different parts of Africa and the tropics

  study sought to examine the determinants of smallholder farmers' resilience faced with climate variability and change; and the contributions of agroforestry practices to smallholder farmers' resilience to climate variability and change. Following extensive literature review, it was found that very little research had been done on these two aspects, which explains why this study sought to fill the knowledge gap. Literature review demonstrated that most of the research focusing on smallholder farmers' resilience to climate

  per the contribution of agroforestry practices to smallholder farmers' resilience faced with climate variability and change, it was found that seven agroforestry practices played a plausible role in affecting smallholder farmers' resilience to climate variability and change (home garden with livestock, trees on cropland, live fences/hedges, trees on grazing land, coffee-based agroforestry, Taungya and improved fallows) owing to the existence of a statistically significant non-causal relationship between these agroforestry practices and smallholder farmers' resilience to climate variability and change. Meanwhile four agroforestry practices (home garden with livestock, home garden, trees on grazing land, and coffee-based agroforestry) played a major role in enhancing smallholder farmers' vulnerability to climate variability and change, owing to the existence of a statistically significant positive causal relationship between these agroforestry practices and smallholder farmers' resilience to climate variability and change. Thus, it was noticed that most of the agroforestry practices have a positive causal relationship with smallholder farmers' resilience to attain four specific objectives: assess the drivers of smallholder farmers' vulnerability to climate variability and change in the North-West Region of Cameroon; characterize smallholder farmers' agroforestry practices in the face of climate variability and change in the North-West Region of Cameroon; examine the contribution of agroforestry practices to the reduction of smallholder farmers' vulnerability to climate variability and change; and evaluate the role of agroforestry practices to the enhancement of smallholder farmers' resilience faced with the impacts of climate variability and change. Based on the findings of this study, it could be safely said that all these four specific objectives were holistically attained.Pertaining to the drivers of smallholder farmers' vulnerability to climate variability and change, it was found that temperature is on the rise while rainfall is scanty and erratic. This was vindicated by smallholder farmers' perceptions and analysis of over five decades of climate data for the study area. There was almost general unanimity amongst smallholder farmers that recurrent extreme weather events and poverty were the main drivers of vulnerability to climate variability and change, and most smallholder farmers rated that they were highly vulnerable to the adverse effects of climate variability and change. A significant negative causal relationship was found to exist between smallholder farmers' vulnerability to climate variability and change, and five explanatory variables (household size, age of household head, access to information, household income and access to land) which goes to show that these explanatory variables contribute enormously towards reducing smallholder farmers' vulnerability to climate variability and change.With regards to the characterization of smallholder farmers' agroforestry practices in the face of climate variability and change, it was found that home garden with livestock, trees on croplands and home gardens were the most widespread agroforestry practices of smallholder farmers. A categorization of smallholder farmers' agroforestry practices revealed that agroforestry practices categorized under the agrosilvicultural agroforestry system were the most dominant, with six agroforestry practices. The most recurrent agroforestry products and services identified by farmers were food and fuelwood; the main classes of agroforestry tree/shrub species integrated on smallholder farmers' agroforestry plots were fruit trees and fuelwood trees/shrubs; the most common food crops integrated on smallholder farmers' agroforestry plots were maize (Zea mays), Cassava (Manihot esculenta), and cocoyams (Colocasia spp); while the commonest livestock species reared by smallholder farmers practicing agroforestry were the indigenous fowl (Gallus gallus domesticus), the domestic pig (Sus domesticus), and the domestic goat (Capra aegagrus hircus); meanwhile the most commonly integrated tree/shrub species on smallholder farmers' agroforestry plots were avocado (Persea american), guava (Psidium guajava), bitter leaf (Vernonia amygdalina), African plum (Dacryodes edulis), Mango (Mangifera indica), Cola (Cola anomala) and Eucalyptus (Eucalyptus spp). All these go to show that smallholder farmers' agroforestry practices in the North-West Region of Cameroon are diverse which accounts for the diverse products and services obtained from these different agroforestry practices. With respect to the contribution of agroforestry practices to the reduction of smallholder farmers' vulnerability faced with climate variability and change, it was found that eight (08) agroforestry practices had a negative causal relationship with smallholder farmers' vulnerability to climate variability and change. Of the eight agroforestry practices, five (05) had a significant or strong negative causal relationship with smallholder farmers' vulnerability to climate variability and change. These five agroforestry practices having a strong negative causal relationship with smallholder farmers' vulnerability to climate variability and change were the home garden with livestock, trees on croplands, trees on grazing lands, coffee-based agroforestry and Taungya. It can therefore be said that the aforementioned five agroforestry practices have a high propensity to reduce smallholder farmers' vulnerability to climate variability and change.As per the agroforestry practices enhancing smallholder farmers' resilience to climate variability and change, it was found that seven (07) agroforestry practices namely home gardens with livestock, trees on croplands, trees on grazing lands, live fences/hedges, coffeebased agroforestry, Taungya and improved fallows, had a significant non-causal relationship with smallholder farmers' resilience to climate variability and change (X 2 >34, p<0.01). Of the afore-cited seven (07) agroforestry practices, four (04) practices namely home gardens with livestock, home gardens, trees on grazing lands and coffee-based agroforestry had a significant positive causal relationship with smallholder farmers' resilience to climate variability and change. This proves beyond reasonable doubt that the practice of these four agroforestry practices played a significant role in enhancing smallholder farmers' resilience to climate variability and change.To sum up, smallholder farmers in Mezam division, the North-West Region of Cameroon are highly vulnerable to the adverse effects of climate variability and change; and the practice of agroforestry plays a major role towards reducing vulnerability and enhancing resilience of to climate variability and change. Thus, the practice of agroforestry by smallholder farmers contributes towards the attainment of some of the Susustainable Development Goals (SDGs)



  practices contribute towards reducing vulnerability and enhancing smallholder farmers' resilience faced with climate variability and change, the following recommendations to smallholder farmers, local authorities, and the government were doled out: Alter planting dates in order to cope with fluctuations in planting seasons caused by climate variability and change;  Take to more off-farm activities in order to reduce dependence on agriculture which is very climate dependent;  Switch from purely rain-fed agriculture to other systems involving irrigation in order to reduce the impacts of prolong dryness on farm crops, caused by erratic rainfall;  Try to reconcile local knowledge about past weather conditions to the present dispensation in order to avoid being caught off-guard by sudden extreme weather events; Attend training workshops and seminars treating issues of climate variability and change in order to acquire vital information, build capacity and broaden their scope as far as the thorny issue of climate variability and change is concerned;  Intensify their existing agroforestry practices and adopt new agroforestry technologies in order to build their resilience to climate variability and change;  Provisioning services obtained from agroforestry systems should not only be used for subsistence, but some should be sold in order to raise income which could go a long way to enhance resilience to climate variability and change;  More fruit, fuelwood and building material trees should be integrated within agroforestry farm plots in order to obtain diverse products which could enhance resilience to climate variability and change;  More diverse crop and livestock species should be integrated within agroforestry systems in order to reduce the adverse effects of climate variability and change on the system; Take to easily managed agroforestry systems which will help to reduce costs thereby enhancing their resilience to climate variability and change. Organize training workshops and seminars on climate variability and change in order to school farmers on the impacts of climate variability and change as well as best practices such as agroforestry which could help them reduce the impacts of climate variability and change;

  vulnerability and the enhancement of resilience in smallholder farming systems faced with climate variability and change. Based on the findings of the study, the following policy implications arise: First and foremost, three main agroforestry systems (agrosilvicultural, silvopastoral and agrosilvopastoral agroforestry systems) were practiced by smallholder farmers faced with climate variability and change. Thus, policies geared towards encouraging the practice of agroforestry in smallholder farming systems faced with climate variability and change should lay emphasis on these three main agroforestry systems.

  

  

  

  

  

  

  

  

  

  

CHAPTER TWO LITERATURE REVIEW 2.1. Definition of concepts 2.1.1. Climate variability

  

	The Inter-Governmental Panel on Climate Change (IPCC) defines climate variability as
	variations in the mean state of climate on all temporal and spatial scales beyond that of
	individual weather events. This may be internal variability (i.e. caused by natural processes
	within the climate system), or external variability (i.e. due to anthropogenic forcing) (IPCC,

  are the most vulnerable to climate variability and change owing to high rates of poverty, illiteracy and the unavailability of basic infrastructures to aid adaptation efforts in the face of climate variability and change. Mezam division, North-West Region of Cameroon characterized by very high rural population densities is therefore more sensitive to climate

	population's variability and change.				
	Thirdly, it has been hypothesized that the rate of irrigation equally influences sensitivity to
	climate variability and change (IPCC, 2007). This is because proper irrigation systems can
	help a great deal in times of extreme weather events like prolong dry spells or droughts. In
	Mezam division, North-West Region of Cameroon, less than 1% of the smallholder farming
	Limited physical population undertakes irrigation, as an overwhelming majority practice a rain-fed system of Limited Limited financial Limited social
	capital	human capital	income		capital
		Weak adaptive capacity		
		HIGH VULNERABILITY		
		Highly negative impacts		
	Great exposure		High sensitivity	
	Many extreme	Too many small	High rural	Low rate of	Limited practice
	climate events	holder farmers	population	irrigation	of agroforestry
			density		

agriculture. This therefore renders smallholder farming systems (agroforestry and nonagroforestry systems) in Mezam division, North-West Region of Cameroon more sensitive to climate variability and change.

  . In the context of this study, this pathway of development represents smallholder farming systems in Mezam

division, North-West Region of Cameroon. These smallholder farming systems are often subject to climate-related stresses or shocks. A stress is a more predictable and less abrupt event such as rising maximum or minimum temperatures or the effects of a continuously drier climate. A shock on the other hand is an abrupt and less predictable event such as a drought or storm (Figure

2

.2).

Table 3

 3 

	Sub-division	Total	Active	Farming	Number of	Number of
		population	population	population	farming	household heads
					families	sampled
	Bamenda I	39501	22911	13746	2291	30
	Bamenda II	265674	154091	66685	11114	40
	Bamenda III	153570	89071	41820	6970	40
	Tubah	67613	39216	30156	4553	110
	Santa	68707	39850	32354	5392	130
	Bali	38151	22128	16364	2727	-
	Bafut	87567	50787	37817	6303	-
	Total	720780	418052	238942	39351	350
	Source: 2018 Annual Report of the Divisional Delegation of Agriculture and Rural
	Development for Mezam Division, North-West Region of Cameroon.	

.1: Farming population and number of smallholder farmers sampled in selected subdivisions in Mezam division, North-West Region of Cameroon

Table 3 . 2 :

 32 Number of household heads sampled in the selected villages in Mezam Division,

	North-West Region of Cameroon	
	Village	Number of respondents sampled
	Mankon	40
	Nkwen	40
	Bambui	40
	Bambili	40
	Kedjom Keku	30
	Mendakwe	30
	Mbei-Santa	30
	Akum	40
	Njong-Santa	30
	Awing	30
	Total	350
	3.3.	

Vulnerability and resilience assessment procedure

  

Table 3 .3:

 3 Agroforestry plots of smallholder farmers surveyed

	Agroforestry practices	Number of plots surveyed (n)	Number of plots surveyed (%)
	Home garden with livestock	35	17.5
	Home garden	30	15
	Trees on croplands	30	15
	Live fences/hedges	30	15
	Taungya	20	10
	Trees on grazing lands	15	7.5
	Improved fallows	10	5
	Coffee-based agroforestry	25	12.5
	Others (entomoforestry,		
	aquaforestry)		

Table 3 . 4 :

 34 Non-agroforestry (monoculture) plots of smallholder farmers surveyed

	Speculations	Number of plots surveyed	Number of plots surveyed
		(n)	(%)
	Market gardening crops only	20	28.57
	Cash crops only	20	28.57
	Food crops only	25	35.71
	Livestock only	5	7.14
	Total	70	100

In smallholder farmers' agroforestry plots, inventories were conducted to identify crops, livestock and trees in the different agroforestry systems/practices of smallholder farmers which included home gardens with livestock, home gardens, trees on croplands, trees on grazing lands, live fences/hedges, Taungya, coffee-based agroforestry, improved fallows, windbreaks, entomoforestry, and aquaforestry.

  This is one of the first studies undertaken across Cameroon, Africa and the tropics, to use the inferential statistics of t-test, chi-square, correlation, and the H-test to analyze the non-causal relationship that exists between smallholder farmers' vulnerability and resilience to climate variability and change, and different agroforestry practices/agroforestry systems. Most studies have adopted qualitative analysis approaches.

	t-test =	̅ ̅	where S p = √	∑	̅	∑	̅	Equation 3.1
		√						
	Where:							
	̅ : is the mean of variable Y;					
	X 2 =							Equation 3.2
	Where for example:						
	As a rule of thumb, the normality of the continuous variables was tested using: histogram
	with normal curve, Probability Plot (PP) and Qauntile Quantile (QQ) diagrams, and most
	importantly the one sample Kolmogorov				, before choosing the suitable statistic
	for the analysis.						

̅ : is the mean of variable X; m: is the sample size of variable X; n: is the sample size of variable Y; S p : is the pooled estimate of the common standard deviation of both variable X and Y

In the case of a 2x2 contingency table which is what has been used in this study, the formula used by SPSS to compute Chi-square (X 2 ) is as follows: a: is frequency of agroforestry practitioners who are resilient/vulnerable to CVC. b: is frequency of agroforestry practitioners who are not resilient/not vulnerable to CVC. c: is frequency of non-agroforestry practitioners who are resilient/vulnerable to CVC. d: is frequency of non-agroforestry practitioners who are not resilient/not vulnerable to CVC. N: is the total frequency of all observations.

Table 3 . 7 :

 37 Description of independent variables of the study

	Independent variables	Description
	Number of farms	Continuous
	Household size	Continuous
	Age of household head	Continuous
	Household income	Continuous
	Educational level	Dummy, takes value of 0 for no formal education, 1 for primary,
		2 for secondary, 3 for high schools and 4 for tertiary
	Gender of household head	Dummy, takes value of 1 if male and, 0 otherwise
	Practice of agroforestry	Dummy, takes value of 1 if Yes and, 0 otherwise
	Vulnerability to CVC	Dummy, takes value of 1 if Yes and, 0 otherwise
	Access to information	Dummy, takes value of 1 if Yes and, 0 otherwise
	Access to credit facilities	Dummy, takes value of 1 if Yes and, 0 otherwise
	Access to land	Dummy, takes value of 1 if Yes and, 0 otherwise
	Access to extension services	Dummy, takes value of 1 if Yes and, 0 otherwise
	Home garden with livestock	Dummy, takes value of 1 if Yes and, 0 otherwise
	Home garden	Dummy, takes value of 1 if Yes and, 0 otherwise
	Trees on croplands	Dummy, takes value of 1 if Yes and, 0 otherwise
	Live fences/hedges	Dummy, takes value of 1 if Yes and, 0 otherwise
	Trees on grazing lands	Dummy, takes value of 1 if Yes and, 0 otherwise
	Coffee-based agroforestry	Dummy, takes value of 1 if Yes and, 0 otherwise
	Taungya	Dummy, takes value of 1 if Yes and, 0 otherwise
	Improved fallows	Dummy, takes value of 1 if Yes and, 0 otherwise

  20.88 o C, recorded between 2016-2018 while the lowest annual mean temperature was 18.64 o C recorded between 2001-2005 (Figure 4.1). Thus, annual mean temperature has experienced significant variations in the North-West Region of Cameroon in the past five decades.

with annual mean temperatures of 19.57 o C, 19.65 o C, 19.62 o C, 18.71 o C and 18.64 o C respectively. The highest annual mean temperature was

Table 4 .

 4 Significant at 1% probability levelAlthough explanatory variables like gender of household head, practice of agroforestry and

	1: Spearman rank correlation coefficient showing relationship between
	vulnerability and explanatory variables	
	Explanatory variable	Spearman correlation	Degree and type of
		coefficient	relationship
	Number of farms	-0.786***	Strong negative or inverse
	Household size	-0.630***	Strong negative or inverse
	Age of household head	-0.627***	Strong negative or inverse
	Household income	-0.702***	Strong negative or inverse
	Level of education of HHH	-0.816***	Strong negative or inverse
	Gender of household head	-0.472	Weak negative or inverse
	Practice of agroforestry	-0.282	Weak negative or inverse
	Access to information	-0.535***	Strong negative or inverse
	Access to credit facilities	-0.794***	Strong negative or inverse
	Access to land	-0.546***	Strong negative or inverse
	Access to extension services	-0.479	Weak negative or inverse
	***		

Table 4 . 2 :

 42 Independent sample t-test statistic showing non-causal relationship between vulnerability and continuous explanatory variables

				Levene's test for the			
				equality of variance		t-test for equality of means
	Variable		Assumption	F	p-value	t	df	p-value	Mean diff.
	Number of	Equal variance	53.455	0.000***			
	farms		assumed					
			Equal variance					
			not assumed			24.786 92.987	0.000***	5.507
	Household	Equal variance	34.832	0.000***			
	size		assumed					
			Equal variance					
			not assumed			13.972 97.832	0.000***	3.195
	Age	of	Equal variance	12.259	0.001***			
	household	assumed					
	head		Equal variance					
			not assumed			15.665 106.536 0.000***	9.917
	Annual		Equal variance	50.754	0.000***			
	income of	assumed					
	household	Equal variance					
			not assumed			17.847 94.135	0.000*** 347902.26

*** Significant at 0.1% probability level

Continuous explanatory variables like number of farms (t = 24.786, p<0.001), household size (t = 13.972, p<0.001), age of household head (t = 15.665, p<0.001), and household income (t = 17.847, p<0.001), all had a significant non-causal relationship with smallholder farmers' vulnerability to climate variability and change. This is vivid indication that number of farms owned, household size, age of household head, and household income play a plausibly significant role in influencing smallholder farmers' vulnerability to climate variability and change.

Table 4 . 3 :

 43 Chi-square test statistic showing non-causal relationship between vulnerability

	and discontinuous explanatory variables					
	Discontinuous		Frequency (n)	Percentage (%)		
	Variable		Description	V.	N.V.	V.	N.V.	Chi-square	L.R.	p-level
	Educational		No formal edu.	31	2	8.86	0.57		
	Level	of	Primary	237	4	67.71	11.43		
	household head	Secondary	0	10	0	2.86	317.60 325.27 0.000***
			High school	0	35	0	10		
			Tertiary	0	31	0	8.86		
	Gender	of	Male	113	80	32.29	22.86		
	household head	Female	155	2	44.29	0.57	77.90	97.77 0.000***
	Practice		Yes	196	82	56	23.43		
	Agroforestry		No	72	0	20.57	0	27.74	43.85 0.000***
	Access	to	Yes	10	39	2.86	11.14		
	information		No	258	43	73.71	12.29	100.18 84.60 0.000***
	Access to credit	Yes	6	63	1.71	18		
			No	262	19	74.86	5.43	220.71 201.26 0.000***
	Access to land		Yes	16	45	4.57	12.86		
			No	252	37	72	10.57	104.36 89.72 0.000***
	Access	to	Yes	24	44	6.86	12.57		
	extension		No	244	38	69.71	10.86	80.16	69.82 0.000***
	*** Significant at 0.1% probability level; V. = vulnerable; N.V. = Not vulnerable; L.R. =
	Likelihood Ratio; info. = information; edu. = education				

Table 4 . 4 :

 44 Kruskall-Wallis test statistic showing variation in vulnerability according to village

		Frequency (n)	Percentage (%)			
	Village	Vulnerable	Not vulnerable	Vulnerable	Not vulnerable	Mean rank	Chi-square p-level
	Mankon	33	7	82.5	17.5	185.88		
	Nkwen	32	8	80	20	181.50		
	Bambui	33	7	82.5	17.5	185.88		
	Bambili	33	7	82.5	17.5	185.88		
	Kedjom Keku	21	9	70	30	164.00	6.097	0.730
	Mendakwe	23	7	76.7	23.3	175.67		(ns)
	Mbei-Santa	22	8	73.3	26.7	169.83		
	Akum	28	12	70	30	164.00		
	Njong-Santa	23	7	76.7	23.3	175.67		
	Awing	20	10	66.7	33.33	158.17		
	ns = not significant						

Table 4 . 5 :

 45 Binary logistic regression predicting smallholder farmers' vulnerability to climate variability and change from five explanatory variables

							95% C.I. for
	Explanatory variables	Coefficients	p-level Wald df	Odds ratio	Exp β
		(β)				(Exp β)	Lower Upper
	Household size	-1.815***	0.005	7.985	1	0.163	0.046 0.573
	Age of household head	-0.695**	0.021	5.307	1	0.499	0.276 0.901
	Household income	-6.321***	0.002	3.532	1	0.001	0.000 0.350
	Access to information	-5.387**	0.027	4.906	1	0.005	0.000 0.538
	Access to land	-4.239**	0.040	4.231	1	0.014	0.000 0.819
	Constant	48.169***	0.003	8.898	1 83055688959	
						2572400000	
	-2 Log likelihood	18.033					
	Likelihood ratio X 2	363.05***	0.000				
	Nagelkerke R 2	0.973					
	Number of cases correctly	99.7%					
	classified						

**, *** Significant at 5% and 1% probability levels respectively It must be said that the parameter estimates of this model are valid looking at the Likelihood Ratio X 2 , the Nagelkerke R 2 and the number of cases correctly classified. Likelihood Ratio X 2

Table 4 . 7 :

 47 Classes of agroforestry tree/shrub species found on smallholder farmers'

	agroforestry plots			
	Class of agroforestry tree/shrub	Frequency	Percentage	Number of agroforestry
		(n)	(%)	plots surveyed (N)
	Fruit trees	200	100	
	Fuelwood trees/shrubs	200	100	
	Trees/shrubs for building materials	196	98	
	Fodder trees/shrubs	138	69	
	Trees for windbreaks	166	83	200
	Trees for soil improvement	146	73	
	Trees for medicines	102	51	
	Trees for food	50	25	
	Others (e.g. flowering trees for	14	7	
	apiculture)			

Table 4 .8:

 4 Food and cash crop species integrated on smallholder farmers' agroforestry plots

Food and cash crop species Frequency (n) Percentage (%) Number of agroforestry plots surveyed (N)

  Meanwhile the least integrated food and cash crops on smallholder farmers' agroforestry plots were Coffea arabica (17.5%), Elaies guineensis (49%), Solanum tuberosum (9.5%), Dioscorea spp (48%), Arachis hypogaea (30%) and others especially vegetables and market gardening crops (15%) (Table4.8). Hence, smallholder farmers integrate a variety of crops in their agroforestry plots ranging from food crops, cash crops to even vegetables and market gardening crops in the face of climate variability and change.

	4.1.2.5.			
	Zea mays (maize)	196	98	
	Coffea (coffee)	35	17.5	
	Elaies guineensis (oil palms)	98	49	
	Manihot esculenta (cassava)	184	92	
	Colocasia spp (cocoyams)	170	85	
	Phaseolus vulgaris (beans)	150	75	
	Vigna unguiculata (cowpea)	160	80	200
	Ipomoea batatas (sweet potato)	128	64	
	Musa spp (plantain and banana)	112	56	
	Solanum tuberosum (potato)	19	9.5	
	Dioscorea spp (yams)	96	48	
	Arachis hypogaea (groundnuts)	60	30	
	Others (vegetables and market	30	15	
	gardening crops)			

Common livestock species raised by smallholder farmers practicing agroforestry

  Out of the many livestock species reared by smallholder farmers practicing agroforestry, it was found that a majority of the smallholder farmers raised Gallus gallus domesticus or the indigenous fowl (72.3%), Sus domesticus or the domestic pig (65.11%), Capra aegagrus hircus or the domestic goat (47.48%) and Ovis aries or the sheep (38.49%) (Figure4.18).
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	Figure 4.18: Livestock species reared by smallholder farmers practicing agroforestry	
	Meanwhile fewer smallholder farmers practicing agroforestry were into the rearing of Cavia
	porcellus or the guinea pig (29.14%), Oryctolagus cuniculus or the domestic rabbit
	(19.42%), Bos Taurus or cattle (7.55%), Equus caballus or domestic horse (3.96%) and
	Equus asinus or donkey (0.72%) (Figure 4.18).						

Gallus gallus domesticus Sus domesticus Capra aegagrus hircus Ovis aries Cavia porcellus Oryctolagus cuniculus Bos taurus Equus caballus Equus asinus Percentage (%) of respondents Livestock species 4.1.2.6. Common tree/shrub species integrated within smallholder farmers' agroforestry plots

  

	From field surveys of two hundred (200) smallholder farmers' agroforestry plots, it was
	found that the most common tree/shrub species integrated by smallholder farmers on their
	agroforestry farm plots were Persea americana (93%), Psidium guajava (91.5%), Vernonia
	amygdalina (90.5%), Casuarina equisetifolia (50.5%), Albizzia ferruginea (49.5%),
	Calliandra calothyrsus (53%), Leucaena leucocephala (42%), Eucalyptus spp (53.5%),
	Carica papaya (45.5%), Rauvolfia vomitoria (46%), Prunus africana (41.5%), Dacryodes
	edulis (81.5%), Canarium schweinfurtii (41%), Mangifera indica (77%), Elaies guineensis
	(49%) and Cola anomala (52%) (Table 4.9).

Table 4 . 9 :

 49 Main tree/shrub species integrated by smallholder farmers on their agroforestry

	plots					
	Scientific name	Freq.	(%) Scientific name	Freq.	(%)
		(n)			(n)	
	Persea americana	186	93	Adansonia digitata	9	4.5
	Cola anomala	104	52	Ceiba pentandra		34
	Elaeis guineensis	98	49	Albizia ferruginea		49.5
	Mangifera indica	154	77	Albizia zygia		21.5
	Canarium schweinfurtii	82	41	Albizia adianthifolia		10.5
	Dacryodes edulis	163	81.5 Gliricia sepium		36
	Psidium guajava	183	91.5 Leucaena leucocephala		42
	Vernonia amygdalina	181	90.5 Calliandra calothyrsus	106	53
	Citrus grandis	16	8	Podocarpus mannii		37.5
	Citrus limon	10	5	Ficus thonningii		18.5
	Citrus reticulate	11	5.5	Antiaris africana	4	2
	Citrus sinensis	39	19.5 Militia excels		12
	Prunus Africana	83	41.5 Ficus exasperate		24
	Rauvolfia vomitoria	92	46	Vitex ciliate		33
	Voacanga Africana	71	35.5 Khaya senegalensis		11
	Myrianthus arboreus	2	1	Eucalyptus spp	107	53.5
	Uapaca guineensis	19	9.5	Carica papaya		45.5
	Pycnanthus angolensis	25	12.5 Ficus chlamydocarpa		16.5
	Spondianthus preussii	13	6.5	Milletia courauri		6
	Terminalia glaucescens	47	23.5 Ficus elastic		7.5
	Gmelina arborea	74	37	Citrus aurantifolia	6	3
	Casuarina equisetifolia	101	50.5 Sesbania sesban		20.5
	Sesbania macrantha	52	26	Tephrosia vogelii		8.5
	Pinus sylvestris	26	13	Raphia spp		37.5

Meanwhile the least common tree/shrub species (with less than 10% representation on smallholder farmers' agroforestry farm plots) were Citrus grandis (8%), Citrus limon (5%),

Table 4 .

 4 10: Independent sample t-test statistic showing non-causal relationship between agroforestry practicing decision and continuous explanatory variables

				Levene's test for the			
				equality of variance		t-test for equality of means
	Variable		Assumption	F	p-value	t	df	p-value	Mean diff.
	Number of	Equal variance	106.453	0.000***			
	farms		assumed					
			Equal variance					
			not assumed			8.404 327.039 0.000***	1.711
	Household	Equal variance	14.555	0.000***			
	size		assumed					
			Equal variance					
			not assumed			3.800 183.936 0.000***	0.724
	Age	of	Equal variance	21.746	0.000***			
	household	assumed					
	head		Equal variance					
			not assumed			5.908 192.126 0.000***	3.344
	Annual		Equal variance	38.621	0.000***			
	income of	assumed					
	household	Equal variance					
			not assumed			4.991 262.955 0.000*** 79286.571
	*** Significant at 0.1% probability level				

Table 4 .11:

 4 Discontinuous explanatory variables affecting smallholder farmers' agroforestry Significant at 1% and 5% probability levels respectively; PAF = Practice Agroforestry; NAF = No Agroforestry; L.R. = Likelihood Ratio; info = information

	practicing decision						
	Discontinuous		Frequency (n)	Percentage	
	Variable		Description			(%)	Chi-	L.R.	p-value
				PAF	NAF	PAF NAF	square
	Educational		No formal edu.	24	9	6.86	2.57	
	Level		Primary	178	63	50.86	18	
			Secondary	10	0	2.86	0	25.166 40.161 0.000***
			High school	35	0	10	0	
			Tertiary	31	0	8.86	0	
	Gender	of	Male	162	31	46.28 8.86	
	household head	Female	116	41	33.14 11.71	5.354	5.331	0.021**
	Vulnerability		Yes	196	72	56	20.57	
	to CVC		No	82	0	23.43	0	27.735 43.848 0.000***
	Access	to	Yes	48	1	13.71 0.28	
	information		No	230	71	65.71 20.28	11.974 17.130 0.001***
	Access to credit	Yes	67	2	19.14 0.57	
			No	211	70	60.28	20	16.428 22.169 0.000***
	Access to land	Yes	61	0	17.43	0	
			No	217	72	62	20.57	19.133 31.277 0.000***
	Access	to	Yes	48	20	13.71 5.71	
	extension		No	230	52	65.71 14.86	4.037	3.778	0.045**
	***, **							

Table 4 .

 4 12: Kruskall-Wallis test statistic showing variation in the practice of agroforestry

	according to village						
		Frequency (n)	Percentage (%)			
	Village	Practice Agroforestry	No Agroforestry	Practice AF	No AF	Mean Rank	Chi-square	p-level
	Mankon	29	11	72.5	27.5	163.38		
	Nkwen	31	9	77.5	22.5	172.13		
	Bambui	34	6	85	15	185.25		
	Bambili	32	8	80	20	176.50		
	Kedjom Keku	25	5	83.3	16.7	182.33	5.321	0.805
	Mendakwe	26	4	86.7	13.3	188.17	(ns)	
	Mbei-Santa	23	7	76.7	23.3	170.67		
	Akum	32	8	80	20	176.50		
	Njong-Santa	25	5	83.3	16.7	182.33		
	Awing	21	9	70	30	159.00		
	ns = not significant; AF = Agroforestry					

Table 4 .13:

 4 Binary logistic regression predicting smallholder farmers' agroforestry practicing decision from eleven explanatory variables

	Explanatory variables	Coefficient (β)	p-level	df	Odds ratio (Exp β)
	Household size	-0.310**	0.031	1	0.734
	Number of farms	0.027	0.880	1	1.028
	Age of household head	0.086**	0.048	1	1.090
	Household income	1.243**	0.013	1	3.572
	Access to extension	-3.107***	0.000	1	0.045
	Level of education	0.219	0.657	1	1.245
	Gender of HHH	0.149	0.652	1	1.161
	Access to information	1.192**	0.028	1	3.295
	Access to credit facilities	7.135***	0.000	1	1255.137
	Access to land	18.187	0.996	1	79175473.711
	Vulnerability to CVC	22.244***	0.000	1	4575583186.46
	Constant	22.227	0.995	1	4498948167.405
	Number of observations	350			
	-2 Log likelihood	253.072			
	Likelihood ratio X 2	102.684***	0.000		
	Nagelkerke R 2	0.598			
	Number of cases correctly	84.3%			
	classified				
	*, **, *** Significant at 10%, 5% and 1% probability levels respectively

Table 4 .14:

 4 Parameter estimates of the multinomial logistic regression model showing the causal relationship between agroforestry systems and explanatory variables

		Agrosilvicultural	Silvopastoral	Agrosilvopastoral
	Explanatory variables	systems		systems		systems	
		Coefficient p-level Coefficient p-level Coefficient p-level
	Constant	-1.420***	0.000	-0.101	0.813	-0.896**	0.014
	Access_information	1.450**	0.019	1.982***	0.007	1.247**	0.047
	Access_land	1.208**	0.034	1.294**	0.047	1.909***	0.002
	Household income	1.457**	0.017	1.582**	0.009	1.672**	0.007
	Access_extension_svs	-2.395***	0.000 -2.256*** 0.000 -2.336***	0.000
	Access_credit	0.659	0.254	0.519	0.482	-0.079	0.904
	Reference category	No					
		Agroforestry					
	Number of observations	350					
	Log likelihood	298.64					
	Likelihood ratio X 2	165.20***					
	Nagelkerke R 2	0.842					
	**, ***; Significant at 5% and 1% probability levels respectively			

Table 4 .

 4 

	15: Spearman rank correlation coefficient showing relationship between
	vulnerability and agroforestry practices	
	Explanatory variable	Spearman correlation	Degree and type of
		coefficient	relationship
	Home garden with livestock	-0.650***	Strong negative or inverse
	Trees on cropland	-0.707***	Strong negative or inverse
	Home garden	0.402	Weak positive or direct
	Lives fences/hedges	-0.857***	Strong negative or inverse
	Trees on grazing land	-0.900***	Strong negative or inverse
	Coffee-based agroforestry	-0.857***	Strong negative or inverse
	Taungya	-0.670***	Strong negative or inverse
	Improved fallows	-0.535***	Strong negative or inverse
	*** Significant at 0.1% probability level	

Table 4 .

 4 16: Chi-square test results for agroforestry practices affecting smallholder farmers' vulnerability to climate variability and change

				Frequency (n)	Percentage	
	Variable	Description			(%)	Chi-
				V.	N.V.	V.	N.V.	square	L.R.	p-value
	Home garden	Yes	65	82	18.57 23.43	
	with livestock	No	203	0	58	0	147.89 179.27 0.000***
	Trees	on	Yes	51	82	14.57 23.43	
	croplands	No	217	0	62	0	174.72 203.10 0.000***
	Home garden	Yes	121	0	34.57	0	
			No	82	147	23.43	42	56.58	82.33	0.000***
	Live	fences/	Yes	21	82	6	23.43	
	hedges		No	247	0	70.57	0	256.81 276.90 0.000***
	Trees	on	Yes	14	82	4	23.43	
	grazing land	No	254	0	72.57	0	283.34 301.32 0.000***
	Coffee-based	Yes	9	73	2.57 20.86	
	agroforestry	No	259	9	74	2.57	256.85 245.55 0.000***
	Taungya	Yes	4	47	1.14 13.43	
			No	264	35	75.43	10	157.19 137.15 0.000***
	Improved	Yes	3	32	0.86	9.14	
	fallows		No	265	50	75.71 14.29	100.24 84.94	0.000***
	*** Significant at 0.1% probability level; V. = vulnerable; N.V. = Not vulnerable; L.R. =
	Likelihood Ratio						

Table 4 .

 4 18).

		70			
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Table 4 .

 4 19: Chi-square test statistic showing the non-causal relationship between resilience and discontinuous explanatory variables

	Discontinuous		Frequency (n)	Percentage (%)		
	Variable		Description	R.	N.R.	R.	N.R.	Chi-square	L.R.	p-level
	Educational		No formal edu.	11	21	3.14	6		
	Level	of	Primary	62	180	17.71	51.43		
	household head	Secondary	10	0	2.86	0	123.10 141.69 0.000***
			High school	34	1	9.71	2.86		
			Tertiary	30	1	8.57	2.86		
	Gender	of	Male	104	89	29.71	25.43		
	household head	Female	43	114	12.28	32.57	24.95	25.47 0.000***
	Practice		Yes	147	132	42	37.71		
	Agroforestry		No	0	71	0	20.28	64.50	90.23 0.000***
	Access	to	Yes	42	7	12	2		
	information		No	105	196	30	56	44.70	46.69 0.000***
	Access to credit	Yes	64	5	18.28	1.43		
			No	83	198	23.71	56.57	90.88	99.25 0.000***
	Access to land		Yes	51	10	14.57	2.86		
			No	96	193	27.43	55.14	52.50	54.33 0.000***
	Access	to	Yes	45	22	12.86	6.29		
	extension		No	102	181	29.14	51.71	21.54	21.41 0.000***
	*** Significant at 0.1% probability level; R. = Resilient; N.R. = Not Resilient; L.R. =
	Likelihood Ratio; info. = information; edu. = education				

Table 4 .23:

 4 Kruskall-Wallis test statistic showing variations in resilience according to village

		Frequency (n)	Percentage (%)			
	Village	Resilient	Not Resilient	Resilient	Not Resilient	Mean Rank	Chi-square p-level
	Mankon	10	30	25	75	145.75		
	Nkwen	16	24	40	60	172.00		
	Bambui	17	23	42.5	57.5	176.38		
	Bambili	15	25	37.5	62.5	167.63		
	Kedjom Keku	14	16	46.67	53.33	183.67	7.409	0.595
	Mendakwe	15	15	50	50	189.50		(ns)
	Mbei-Santa	15	15	50	50	189.50		
	Akum	18	22	45	55	180.75		
	Njong-Santa	14	16	46.67	53.33	183.67		
	Awing	13	17	43.33	56.67	177.83		
	ns = not significant						

Table 4 .

 4 24: Kruskall-Wallis test statistic showing variations in resilience according to agroforestry system practiced.

			Frequency (n)	Percentage (%)		
	Agroforestry system	Resilient	Not Resilient	Resilient	Not Resilient	Mean Rank	Chi-square p-level
	Agrosilvicultural	71	82	20.28	23.43	183.21	
	Silvopastoral	17	23	4.86	6.57	176.38	
	Agrosilvopastoral	40	46	11.43	13.14	183.40	8.686	0.034**
	No	agroforestry	19	52	5.43	14.86	148.83	
	(reference category)						
	** Significant at 5% probability level					
	From the mean ranks of the Kruskall-Wallis test or the H-test, it was found that smallholder
	farmers who were into the agrosilvicultural (mean rank = 183.21) and agrosilvopastoral
	(mean rank = 183.40) agroforestry systems were more resilient to climate variability and
	change than their counterparts who were into the silvopastoral (mean rank = 176.38)

agroforestry system. The least resilient to climate variability and change were smallholder farmers who were into the -No Agroforestry‖ option (mean rank = 148.83).

The H-test statistic showed that there was a statistically significant variation in smallholder farmers' resilience to climate variability and change according to the different agroforestry systems (X 2 = 8.686, p<0.05). This indicates that smallholder farmers' resilience to climate variability and change varies in relation to the different agroforestry systems practiced. It can therefore be concluded that smallholder farmers' resilience to climate variability and change is highly influenced by the agroforestry systems they practice.

  . It must however be said that most of these studies either tackled smallholder farmers' vulnerability to climate variability and change very superficially, or employed mainly descriptive, qualitative and conceptual approaches to assess smallholder farmers' vulnerability faced with climate variability and change. This study is one of the first to be done in Cameroon in general and the North-West Region of Cameroon in particular, that significantly employed quantitative techniques (inferential statistics like the T-test, Chi-square, Spearman rank correlation, and the binary logistic regression) to demonstrate the role of socio-economic and institutional variables in driving smallholder farmers' vulnerability to climate variability and change.Findings indicated that a non-causal and causal relationship existed between socio-economic and institutional variables, and smallholder farmers' vulnerability to climate variability and change. Thus, socio-economic and institutional variables such as number of farms, household size, age of household head, household income, level of education, gender, practice of change could be due to several reasons: firstly, household size is synonymous to labour force (especially in village settings). Thus, the bigger the household, the bigger the labour force, which enables the family to farm a larger farm plot, which everything being equal results in more output, thus ensuring food security. Age of household head on its part is associated with farm experience. Thus, the older the household head, the more experienced he/she is, which implies better mastery of the environment and cropping seasons. Household income enables farmers to buy better farm inputs, equipments and even food, implying that households with more income are much less vulnerable to the adverse effects of climate variability and change. Access to information on its part helps to strengthen smallholder farmers' decision making abilities. Farmers with more information are more knowledgeable about the latest trends in the farming sector and therefore take to better farming practices, and apply better farm inputs than their counterparts with less information.Moreover, access to land is vital because land is a major asset indispensable to farming activities. Thus, farmers with more land are able to cultivate a diversity of crops which helps to spread risk. The aforementioned socio-economic and institutional variables therefore play a key role in reducing vulnerability to climate variability and change. Hence, contrary to other studies which assessed drivers of smallholder farmers' vulnerability to climate variability and change only superficially, or employed mainly descriptive, qualitative and conceptual approaches to assess smallholder farmers' vulnerability, this study makes use of mainly quantitative or inferential techniques, bringing to the limelight, the causal and non-causal relationship existing between climate, socio-economic and institutional explanatory variables, and smallholder farmers' vulnerability to climate variability and change. Thus, climate, socio-economic and institutional explanatory variables are the main drivers of smallholder farmers' vulnerability to climate variability and change in Mezam division in particular and the North-West Region of Cameroon in general.

agroforestry, access to information, access to credit, access to land, and access to extension services, which all had a statistically significant non-causal relationship with smallholder farmers' vulnerability, plausibly affect smallholder farmers' vulnerability to climate variability and change. Meanwhile socio-economic and institutional variables such as household size, age of household head, household income, access to information, and access to land which had a statistically negative causal relationship with smallholder farmers' vulnerability, play a great role in reducing smallholder farmers' vulnerability to climate variability and change. The existence of a strong negative causal relationship between these socio-economic and institutional variables (household size, age of household head, household income, access to information, and access to land), and smallholder farmers' vulnerability to climate variability and

203 198 184 193 204 198 190 172 158 Source: Region service of meteorology for the North-West Region of Cameroon __________________________________________________________________________

  reducing smallholder farmers' vulnerability to climate variability and change were home garden with livestock, trees on croplands, trees on grazing lands, coffee-based agroforestry, 3 __________________________________________________________________________ 4. If the impact(s) was/were negative, can you cite it/them?__________________________ __________________________________________________________________________ _________________________________________________________________________ 5. Which factors do you think contribute to make you vulnerable to extreme weather events? __________________________________________________________________________ __________________________________________________________________________ _________________________________________________________________________ 6. Are there some factors that you think contribute more to increase your vulnerability? Yes No 7. If yes, can you name them?________________________________________________ __________________________________________________________________________ __________________________________________________________________________ 8. Provide suggestions that will reduce your vulnerability to extreme weather events_______ __________________________________________________________________________ __________________________________________________________________________ _________________________________________________________________________

	Mar	14	16	14	12	13	10	12	10	11	10	8	9
	Apr	19	21	19	21	20	16	20	19	20	19	16	15
	May	12	21	20	22	19	21	22	19	22	20	19	18
	June	26	25	24	26	25	23	23	23	24	24	21	20
	July	29	29	26	28	28	27	28	28	28	27	26	24
	Aug	25	27	25	30	30	28	28	25	26	27	25	24
	Sept	27	26	29	28	28	27	25	28	25	28	25	23
	Oct	25	26	23	24	23	22	25	25	24	24	20	19
	Nov	5	8	6	2	7	5	6	20	13	6	5	3
	Dec	3	1	1	1	1	2	1	2	1	1	2	0
	Total	192 206 191									

III. Survey pertaining to smallholder farmers' agroforestry practices

  What are some of the tree/shrub species you integrate on your agroforestry farm plots?__ ___________________________________________________________________________ _________________________________________________________________________ 3. What are some of the crop species you integrate on your agroforestry farm plots?______ ___________________________________________________________________________ _________________________________________________________________________ 4. What are some of the animal species you raise?________________________________ ___________________________________________________________________________ _________________________________________________________________________ 5. Do you derive benefits from your agroforestry practices? Yes No If Yes, cite the benefits you derive from your agroforestry practices___________________ ___________________________________________________________________________ ________________________________________________________________________

	1. Do you practice agroforestry? Yes	No
	If No, why?______________________________________________________________
	___________________________________________________________________________
	_________________________________________________________________________
	If Yes, which agroforestry practices do you practice?______________________________
	___________________________________________________________________________
	_________________________________________________________________________
	2.	

award of the degree of PhD in Agroforestry and valuation of ecosystem services, is an original and an innovative piece of work undertaken by NYONG Princely AWAZI, registration number CM-UDS-13ASA0600, under the mentorship
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AFPs: Agroforestry Practices

In the case of the independent samples t-test, a pre-test known as the Levene's test for the equality of variances was run before reading the t-test results. The hypothesis for the Levene's test goes thus: H 0 : Equal variance assumed Ha: Equal variance not assumed

If the F-value of the Levene's pre-test is statistically significant, it means that Ha is accepted, implying that equal variance is not assumed. But if on the contrary the F-value of the Levene's pre-test is not statistically significant, it means H 0 is accepted, implying that equal variance is assumed. Hence, the results of the independent samples t-test are read depending on whether equal variance is assumed or equal variance is not assumed.

The Spearman rank correlation (Spearman rho) (Equation 3.3) was run to determine the relationship between the practice of agroforestry and smallholder farmers' vulnerability and resilience to climate variability and change. The Spearman rho which is the non-parametric equivalent of the Pearson correlation coefficient is presented as follows:

Spearman rho Equation 3.3

Where:

n: is the numbers of pairs of values of variables X and Y;

di: is the difference obtained from subtracting the rank of Yi from the rank of Xi;

: is the sum of the squared values of di. analyze the determinants of smallholder farmers' adaptation choices or options faced with climate variability and change [START_REF] Temesgen | Analyzing the determinants of farmers' choice of adaptation methods and perceptions of climate change in the Nile Basin of Ethiopia[END_REF][START_REF] Tabi | Perceptions of rain-fed lowland rice farmers on climate change, their vulnerability, and adaptation strategies in the Volta Region of Ghana[END_REF][START_REF] Temesgen | Climate change adaptation of smallholder farmers in South Eastern Ethiopia[END_REF][START_REF] Tesfay | Smallholder farmers' adaptation strategies to climate change in Ethiopia (Case of Adwa Woreda, Tigraie Region[END_REF][START_REF] Atinkut | Determinants of farmers' choice of adaptation to climate variability in Dera Woreda, South Gondar Zone, Ethiopia[END_REF][START_REF] Awazi | An assessment of adaptation options enhancing smallholder farmers' resilience to climate variability and change: Case of Mbengwi Central Sub-Division, North-West Region of Cameroon[END_REF]Awazi et al., 2019).

 Variables for the study

This study had five main dependent variables (vulnerability, resilience, practice of agroforestry, agroforestry systems and villages) and twenty (20) independent variables (Tables 3.5, 3.6 and 3.7). The agroforestry practices of smallholder farmers were categorized under three main systems: agrosilvicultural, silvopastoral, and agrosilvopastoral (Table 4.6). 

Agrosilvopastoral

Home gardens with livestock Trees, crops and livestock Trees on grazing lands with crops Under the agrosilvicultural system, there were six (06) main agroforestry practices of smallholder farmers: home garden, trees on croplands, live fences/hedges, Taungya, coffeebased agroforestry, improved fallows and windbreaks (Table 4.6). As for the silvopastoral system, two main agroforestry practices were identified: trees on grazing lands and fodder banks (Table 4.6). Pertaining to the agrosilvopastoral system, two main practices were identified: home garden with livestock and trees on grazing lands with crops (Table 4.6).

Thus, basically three main agroforestry systems and several agroforestry practices are taken up by smallholder farmers faced with climate variability and change.

Ecosystem services of agroforestry identified by smallholder farmers practicing agroforestry

Smallholder farmers identified a plethora of ecosystem services resulting from their diverse agroforestry practices (Figure 4.17).

Among the different ecosystem services identified by smallholder farmers, food (100%) and fuelwood (100%) were unanimously identified by all the smallholder farmers practicing agroforestry. This was closely followed by natural (traditional) medicines and building materials identified by 76.62% and 71.22% of the smallholder farmer agroforestry practitioners respectively.

Citrus reticulate (5.5%), Myrianthus arboreus (1%), Uapaca guineensis (9.5%), Spondianthus preussii (6.5%), Adansonia digitata (4.5%), Antiaris africana (2%), Milletia courauri (6%), Ficus elastic (7.5%), Citrus aurantifolia (3%) and Tephrosia vogelii (8.5%) (Table 4.9). Thus a total of 47 different species were identified on the 200 smallholder farmers' agroforestry plots surveyed. This goes to show that smallholder farmers integrate a wide variety of tree/shrubs species on their agroforestry plots faced with the impacts of climate variability and change. 4.10).

The continuous explanatory variables of the study: number of farms (t = 8.404, p<0.001), household size (t = 3.800, p<0.001), age of household head (t = 5.908, p<0.001), and household income (t = 4.991, p<0.001), all had a significant non-causal relationship with smallholder farmers' agroforestry practicing decision in the face of climate variability and change. The three main systems which emerged following the categorization of smallholder farmers' agroforestry practices were the agrosilvicultural system, the silvopastoral system and the agrosilvopastoral system. Amongst these three systems, the agrosilvicultural system was the most commonly identified by smallholder farmers representing 43.71%. This was closely followed by the agrosilvopastoral system identified by 24.28% of the smallholder farmers. The silvopastoral system was the least cited, identified by only 11.43% of the smallholder farmers. This clearly shows that agroforestry practices that fall under the agrosilvicultural system are the most practiced by smallholder farmers in the face of climate variability and change. It is worth noting that some smallholder farmers representing 20.57% were into the no agroforestry option.

Determinants of smallholder farmers' choice of different agroforestry systems in the face of climate variability and change

Following the categorization of smallholder farmers' agroforestry practices into agroforestry systems, three main agroforestry systems emerged: agrosilvicultural, silvopastoral, and agrosilvopastoral agroforestry systems. These three agroforestry systems represented the dependent variables, with the -no agroforestry category‖ representing the reference category.

From the parameter estimates of the multinomial logistic regression model, it was found that four (04) explanatory variables played an important role in influencing smallholder farmers' choice of different agroforestry systems in the face of climate variability and change (Table 4 No agroforestry 20.57% fences/hedges (X 2 = 256.81, p<0.001), trees on grazing lands (X 2 = 283.34, p<0.001), coffeebased agroforestry (X 2 = 256.85, p<0.001), Taungya (X 2 = 157.19, p<0.001), and improved fallows (X 2 = 100.24, p<0.001) all had a significant non-causal relationship with smallholder farmers' vulnerability to climate variability and change. From every indication, it can be said that agroforestry practices like home gardens with livestock, trees on croplands, home garden, life fences/hedges, trees on grazing lands, coffee-based agroforestry, Taungya, and improved fallows all play a plausibly significant role in influencing smallholder farmers' vulnerability to climate variability and change.

Causal relationship between agroforestry practices and smallholder farmers' vulnerability faced with climate variability

The Binary logistic regression model indicated that there was a causal relationship between agroforestry practices and smallholder farmers' vulnerability to climate variability and change (Table 4.17). The agroforestry practices: home garden with livestock (X 2 = 65.22, p<0.001), trees on croplands (X 2 = 65.02, p<0.001), live fences/hedges (X 2 = 93.73, p<0.001), trees on grazing lands (X 2 = 112.42, p<0.001), coffee-based agroforestry (X 2 = 102.32, p<0.001), Taungya (X 2 = 52.39, p<0.001) and improved fallows (X 2 = 34.62, p<0.001), all had a significant noncausal relationship with smallholder farmers' resilience to climate variability and change.

Only the home garden did not have a statistically significant non-causal relationship with smallholder farmers' resilience to climate variability and change. This demonstrates smallholder farmers' agroforestry practices like home garden with livestock, trees on croplands, live fences/hedges, trees on grazing lands, coffee-based agroforestry, Taungya and improved fallows plausibly influence smallholder farmers' resilience to climate variability and change.

Causal relationship between agroforestry practices and smallholder farmers' resilience to climate variability and change

The results of the binary logistic regression model revealed that four major agroforestry practices played a statistically significant role in enhancing smallholder farmers' resilience to climate variability and change (Table 4.22). Last but not the least, the main agroforestry practices that played a major role towards enhancing smallholder farmers' resilience to climate variability and change were home garden with livestock, home garden, trees on grazing lands, and coffee-based agroforestry.

Hence, policies geared towards using agroforestry to enhance smallholder farmers' resilience to climate variability and change should take a keen look at these four agroforestry practices, and adequate measures should be taken to promote them. 

APPENDICES Appendix 1: List of key informants interviewed in Mezam Division

II. Survey pertaining to smallholder farmers' perception of variations and changes in climate parameters and drivers of vulnerability to climate variability and change

II.1. Smallholder farmers' perception of variations and changes in climate parameters

II.2. Smallholder farmers' perception of drivers of vulnerability to climate variability and change

1. Have you personally been affected by recurrent extreme weather events? Yes No 2. If yes, was/were the impact(s) positive or negative? Positive Negative 3. If the impact(s) was/were positive, can you cite it/them?_________________________ 

IV. Survey pertaining to the contribution of agroforestry practices to the attenuation of smallholder farmers' vulnerability to climate variability and change