SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES






ROLE OF CLIMATE SERVICES IN CLIMATE CHANGE ADAPTATION AMONG SMALLHOLDER FARMERS: A CASE OF AGRICULTURAL EXTENSION SERVICE DELIVERY IN SAWLA/TUNA/KALBA DISTRICT, GHANA





ABDUL-RASHID ADAM











2022
SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES



ROLE OF CLIMATE SERVICES IN CLIMATE CHANGE ADAPTATION AMONG SMALLHOLDER FARMERS: A CASE OF AGRICULTURAL EXTENSION SERVICE DELIVERY IN SAWLA/TUNA/KALBA DISTRICT, GHANA

BY
ABDUL-RASHID ADAM (B.SC. PLANNING)
(PG0002121)

A THESIS SUBMITTED TO THE DEPARTMENT OF DEVELOPMENT STUDIES, FACULTY OF INTEGRATED DEVELOPMENT STUDIES, SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES, IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE AWARD OF A                   MASTER OF PHILOSOPHY DEGREE IN DEVELOPMENT STUDIES.




OCTOBER, 2022

[bookmark: _Toc116358931]DECLARATION
I hereby declare that this thesis is the result of my own original work and that no part of it has been presented for a degree in this university or elsewhere:
Name: Abdul-Rashid Adam
Candidate’s Signature……………………………………… Date……………………………...

Supervisor’s Declaration
I hereby declare that the preparation and presentation of this thesis were supervised in accordance with the guidelines on supervision of theses laid down by the Simon Diedong Dombo University for Business and Integrated Development Studies.
Name: Dr. Abubakari Ahmed
Principal Supervisor’s Signature…………………………………………
Date…………………………...
Name: Dr. Francis Xavier Jarawura
Co-Supervisor’s signature ………………………………………………
Date……………………………………



[bookmark: _Toc116358932]ABSTRACT
The agricultural sector in Ghana is heavily made up of smallholder farmers, most of whom are peasant farmers. Estimates from the Ministry of Food and Agriculture (MoFA) (2011) show that, they constitute over 90% of agricultural land holdings in Ghana and provide close to 80% of the country’s food needs. However, in Ghana, climate change continues to create a slew of risk and uncertainties for these smallholder farmers whose livelihoods depend entirely on weather and climate. The overarching aim of this research was to determine the roles of agricultural extension services in climate change adaptation among smallholder farmers using Sawla/Tuna/Kalba District as a case study. To achieve this aim, the study employed the quantitative dominant concurrent triangulation mixed methods design, which allowed for separate but concurrent collection of both qualitative and quantitative data using questionnaires and interview guides. The study recruited a total of 150 smallholder farmers and 12 extension agents. The data was largely collected from the respondents using structured-questionnaires, unstructured interview guides and observations from the field. The analysis of the study showed that, both extension providers and farmers in the district possessed some good perceptions and appreciable level of awareness regarding issues of climate change particularly its causes, effects and available adaptation strategies (see Table 4.4 & 4.5). The smallholder farmers were also discovered to be responding to climate change and variability using a variety of self-initiated and externally supported adaptation measures. The most common strategies the smallholder farmers used to adapt to the threats of climate change included the use of improved crop varieties, crop diversification practices, shifting planting dates/calendars and use of chemical fertilizers (see Table 4.8). The study also found that, despite the numerous challenges bedeviling the agricultural extension organizations, they still played crucial roles in supporting smallholder farmers in dealing with climate change. Some important roles included, transfer of appropriate agricultural technologies and innovations, the supply of farming inputs and promoting improved farming practice (see Section 4.3.2). Based on the study’s findings, the study recommends that, extension providers especially MoFA should strengthen their extension agencies by recruiting more extension agents to reduce the farmer-to-extension agent ratio and to ensure quality extension service delivery in the district. The extension organizations should also collaborate with the Ghana Meteorological Agency to make available yearly climate and weather forecasts to farmers to help them in making their planting decisions.
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[bookmark: _Toc116358941]1.0 Background to the study
Climate change in recent times has drawn considerable attention in developmental discussions globally. Even though, there are many definitions of climate change, it can generally be described as a shift in the climate that can be attributed directly or indirectly to human activities that changes the composition of the earth’s atmosphere in addition to natural variability seen over comparable time periods (Intergovernmental Panel on Climate Change (IPCC)., 2007). The IPPC (2021) has revealed that, the rises in Greenhouse gases due to human activities in recent decades have produced significant extra warming of the earth’s surface temperature, with global surface temperatures currently increased by approximately 0.1 ºC. This 0.1 ºC rise in surface temperatures will have an impact on sustainable development globally, especially within countries where production is heavily reliant on the climate. In terms of regional impacts, an overwhelming body of scientific evidence from multiple international organizations, notably the IPCC, conclusively prove that, Africa is home to most of the fragile and highly vulnerable countries and societies.
According to the IPCC (2021), the rate of surface temperature rise in Africa has been faster than global averages, resulting in observed increases in hot extremes across the continent. Despite the fact that Africa contributes less to climate change globally, it is a continent that is noted to experience most of the detrimental impacts of climate change largely because of its excessive reliance on rainfall for agricultural production (United Nation Framework Convention on Climate Change (UNFCCC)., 2007; Asante & Amaukwa-Mensah., 2015). Sub Saharan Africa for example is an area where the main income sources are from agricultural activities particularly in the semi-arid areas. In this region, smallholder farmers provide about 80% of the food supply, primarily through rain-fed agriculture and up to 95% in some regions (Alexandratos & Bruinsma., 2012). The region, however, is extremely vulnerable due to its ecological fragility, institutional weakness, and political instability, now compounded by climate change (Livingston et al., 2011; Dixon et al., 2001). Since a higher share of the national revenue of the majority of African countries comes from agriculture, the unfavorable effects of climate change in the form of decreased agricultural production ultimately slows the growth of countries in Africa (Asante & Amuakwa-Mensah., 2015).
Evidence suggests that Ghana is currently witnessing some of the effects of climate change. Agriculture like many other African countries remains the foundation of the Ghanaian economy, employing 45% of the workforce and contributing 21% of GDP, with smallholder farmers supplying over 70% of the country’s food needs (Central Intelligence Agency., 2015). However, climate change in recent years continues to threaten production in the agricultural sector since the agricultural sector of Ghana is primarily rain-fed, with smallholder farmers' livelihoods strongly reliant on the weather.  In Ghana, it is estimated that, maize, rice, cassava, yam and sorghum currently have an output gap of 38%, 33.33%, 57.5%, 40% and 38%, respectively, due to changes in temperature and precipitation (Environmental Protection Agency (EPA)., 2016). This put food security in the country under threat. Considering these dangers presented by climate change in Ghana and Africa, the common position of many African countries and Agenda 2063 of the African Union emphasize the importance and necessity of African nations to adapt to climate change (African Ministerial Conference on the Environment., 2014; African Union Commission., 2015). Climate services, being the dissemination of climate information through various channels and/or partnerships, have been proposed and recommended as a crucial instrument for addressing immediate adaptation needs and  concerns, as well as improving long-term adaptive skills (Hansen et al., 2014).
Climate services involve providing, transmitting, and disseminating information on weather and climate in a way that helps people and organizations in analyzing, preventing, or preparing for potentially dangerous weather and climate occurrences (Food and Agricultural Organization (FAO)., 2020). Within the scientific community, there is a lot of confidence and positivity about the possibility of climate services in supporting farmers make decisions that will help increase yields in the agricultural sector (Choi et al., 2015; Ziervogel & Downing., 2004). Several studies have emphasized the significance of climate services in facilitating productivity in the agricultural sector in the wake of the increasing climate-related threats (Quedraogo et al., 2018; Roudier et al., 2014). According to Ouédraogo et al (2018) for example, climate services could assist farmers in reducing uncertainties by utilizing positive information on the weather to plant extensively as a result, avoiding losses during unfavorable weather forecasts. In areas where climate vulnerability is high, most African countries are intensifying their efforts to improve climate service delivery (United Nation Development Program., 2011).
In Africa, particularly Ghana, climate services are usually provided by the state through the Public Extension Agencies, which continues to play key roles in helping farmers adjust their activities to the vagaries of climate change. It is in line with this reason that the study primarily focusses on the role of extension services in promoting adaptation to climate change in the study area. With the sole purpose of transforming the practices and technologies of smallholder farmers towards a more robust and resilient farming systems, particularly in the face of climate change, the task of the public extension service agencies  is a significant and complex one, that frequently deals with the transfer of new agricultural discoveries, improved practices, or innovations. Across Sub-Saharan Africa, due to the adverse and visible effects of climate change, there have been several initiatives made to transform the agricultural sector and encourage farmers to embrace and use new agricultural technologies and best farming practices. Extension services hence impart the necessary skills to farmers to undertake best farming practices by ensuring access to relevant and timely information on modern technologies and farming practices in a manner that fit the educational and understanding levels of farmers (Christopher., 2012).
The government of Ghana has recognized the need for enhanced agricultural productivity since the early 1990s, and has since integrated agricultural extension services as an integral part of the operations of the Ministry of Food and Agriculture (MoFA). The Ghanaian government in 2017 further launched a flagship policy program known as ‘Planting for Food and Jobs’ (PFJ) with the aim of revitalizing the agricultural sector and improving its resilience to external shocks such as climate change and variability. This policy also stressed the governments’ recognition and appreciation of agricultural extension services, as a result, agricultural extension services are provided at no cost to farmers to assist them in adjusting to and coping with climate change while boosting food security in the country. Despite this, the agricultural sector continues to struggle from low productivity due to climate extreme events. These rising threats posed by climate change in the agricultural sector of Ghana has renewed repeated calls for scaling up agricultural extension services to facilitate adaptation to climate change especially within Ghana's poorest and most agriculturally dependent regions.
Effectively, the best way Ghana can achieve successfully adaptation to the threats of climate change and variability will be through the transfer of appropriate agricultural technologies and best farming practices facilitated through extension service delivery. According to Maponya and Mpandeli (2013), for farmers to effectively adapt to climate change, they will need new set of attitudes, skills and knowledge and agricultural extension services can assist in this regard. However, in Ghana, studies on the roles agricultural extension services play in facilitating climate change adaptation are very invisible and almost little is known about the roles extension services play in facilitating climate change adaptation among vulnerable farmers in rural farming communities of Ghana. It is therefore imperative to assess the perceptions of the smallholder farmers regarding climate change and variability, examine the roles of agricultural extension services in climate change adaptation among smallholder farmers and the factors hampering effective extension service delivery in the country. It is against this background that this study seeks to contribute to the literature on agricultural extension by examining the roles of agricultural extension services in facilitating climate change adaptation. This is with a view to suggesting recommendations for improving agricultural adaptation to climate change through extension services.
[bookmark: _Toc116358942]1.1 Problem statement
Agricultural development, like many other African Nations is very critical for Ghana’s economic growth and the welfare of the citizens. However, it has been demonstrated that, climate change continues to have a detrimental effect on agriculture, with farmers in developing nations noted to be the most vulnerable (Mulwa et al., 2017). For instance, research by Sagoe (2006) and Olesen et al (2013) in Ghana predicts that, by 2050, the yields of yam, maize, and rice would fall by 29.6%, 15%, and 25%, respectively, due to climate change. These rising threats posed by climate change in the agricultural sector has unleashed multitude studies supporting the positive significance of information on weather and climate in helping farmers in preparing and adapting to these threats (Solis & Letson., 2013). Consequently, a number of studies (Brugger & Crimmins., 2014; Mustapha et al., 2012; Solis & Letson., 2013) have called for stronger roles of agricultural extension services in supporting adaptation to climate change in all sectors but particularly in the agricultural sector. However, there is still a dearth of information and research on the perceptions of the smallholder farmers on the importance of agricultural extension services for adaptation to climate change and increased productivity, to which the study seeks to explore.
Furthermore, the roles of agricultural extension agents in formally transferring new agricultural discoveries, improved technologies and information to smallholder farmers to assist them in fending off the threats of climate change is well established and well recognized (Ogunlade et al., 2014). This transfer is done in order to convince farmers to adopt these new discoveries and adjust their farming systems in order to transform and make the agricultural sector more resilient to climatic stressors. While there is no doubt that, the extension institutions in Ghana play important roles in the transfer of technologies and facilitation of climate change adaptation, there remains a paucity of published literature regarding how these institutions actually influence adaptations to climate change in the remote areas of Ghana particularly with regards to how new technologies and innovations are introduced, how farming practices have changed in response to the  threats of climate change and whether these changes in farming practices can be able to cope with long-term environmental challenges. Although there is an increasing amount of research regarding the significant roles agricultural extension services play as well as the need for scaling up agricultural extension services in the wake of climate threats (Maka et al., 2019; Dimelu., 2016; Ogunlade et al., 2014; Aseidu-Darko., 2013; Asare-Nuamah., 2019), this gap has not been fully explored.  
Even though, agricultural extension services have been widely accepted as important tools in helping vulnerable farmers cope with the threats of extreme climate events, it is observed that, most of the poor and marginalized farmers especially in rural farming communities remain beyond the reach of appropriate agricultural extension services (Salam., 2013). Given the threats posed by climate change coupled with the high vulnerability levels in many rural farming communities in Less Developed Countries, promoting and improving access to agricultural extension services is indispensable as it offers a flow of information and transfer of relevant technologies and innovations aimed at reducing vulnerabilities and improving resilience. Within most of the developing nations particularly Africa, access to agricultural extension services is still very low and many studies have attributed this to poor economic conditions among the majority of the smallholder farmers. The focus of the majority of these studies is on how access to agricultural extension services is restricted by poor socio-economic conditions; however, it has not been fully explored whether changes in socio-economic characteristics also affect access to agricultural extension services, and this is where the current study hopes to also contribute.
In Ghana, there have been instances where many researches (SEND Ghana., 2014; McNamara et al., 2014) have commented on the country's unsatisfactory agricultural extension results. As a result, there have been many studies that attempted to investigate the challenges facing the agricultural extension system. While some studies cited lack of expertise, underfunding, and lack of human capacity, as the main factors affecting the success of agricultural extension services (Dimelu., 2016; Zikhali., 2016; Ragasa et al., 2016). Others (SEND Ghana., 2014; McNamara et al., 2014), have blamed this poor agricultural extension service delivery on the limited agricultural extension agents compared to the number of farmers. According to SEND Ghana (2014), just 56% of the extension operational zones in Ghana have access to extension services and this situation is made worse by low-running motorcycles that make it impossible for agents to efficiently reach farmers and deliver agricultural extension services (SEND Ghana., 2014). Aside from that, the approaches employed by extension providers to deliver agricultural extension services have also been criticized recently. Studies have indicated that, the two-primary information-transmission methods MoFA agents employ to provide agricultural extension services to farmers (the general or mass extension method and the contact farmer method) are ineffective in reaching rural farmers (Hanna et al., 2012; Bonye et al., 2012). Therefore, the study aims to identify the fundamental challenges confronting the agricultural extension system particularly within the research area. 
[bookmark: _Toc116358943]1.2 Main research objective 
The main objective of the study is to assess the roles of agricultural extension services in promoting climate change adaptation among smallholder farmers in Sawla/Tuna/Kalba District.
[bookmark: _Toc116358944]1.2.1 Specific research objectives
1. To examine the perceptions of smallholder farmers on the importance of agricultural extension services.
2. To examine how agricultural extension services influence smallholder farmers’ adaptation to climate change.
3. To ascertain the influence of socio-economic characteristics on access to agricultural extension services. 
4. To identify the challenges hindering the effectiveness of agricultural extension services to smallholder farmers’ adaptation to climate change. 
[bookmark: _Toc116358945]1.3 Main research question 
What are the roles of agricultural extension services in promoting climate change adaptation among smallholder farmers in Sawla/Tuna/Kalba?
[bookmark: _Toc116358946]1.3.1 Specific research questions
1. What are the perceptions of smallholder farmers on the importance of agricultural extension services?
2. How does agricultural extension services influence smallholder farmers’ adaptation to climate change?
3. How does socio-economic characteristics influence access to agricultural extension services among smallholder farmers? 
4. What challenges hinders the effectiveness of agricultural extension services to smallholder farmers’ climate change adaptation in the study area?
[bookmark: _Toc116358947]1.4 Significance of the study 
The thesis is important in several ways, and its results should not be overlooked in both practice and research. The growing effects presented by climate change in all sectors, particularly the agricultural sector, is a real concern in developmental policies, prompting a large body of literature demanding the need to scale up agricultural extension services as a means to facilitate adaptation to climate change especially within Ghana's poorest and most agriculturally dependent regions.
First and foremost, despite the fact that literature on agricultural extension services and their roles in facilitating technological transfer to farmers are increasing globally, there is  insufficient amount of published literature on how extension institutions actually influence adaptations to climate change in remote areas of Ghana, particularly with regards to how new technologies and innovations are introduced, types of extension services being provided and the way climate-related services are packaged to the beneficiaries of these services. Therefore, the goal of this present research is to complement previous researches by working to fill this gap.
Furthermore, the study's results and conclusions would have significant importance for key players in Ghana’s agricultural extension system. MoFA as a key organization in agricultural extension provision will be able to evaluate and apply the most effective extension delivery methods to assist farmers in coping with the negative consequences of climate change, which can lead to outcomes that reduce poverty and sustain livelihoods. It would also support the formulation of new policy guidelines for bridging the gap between agricultural extension providers and farmers by the Ghanaian government and other development partners.
Again, the study's findings will be relevant to key stakeholders, Non-Governmental Organizations and climate change practitioners involved in agricultural extension services provision, as it will serve as a good resource for informing these actors on the barriers blocking the acceptance and application of innovations and practices among farmers disseminated by agricultural extension providers from farmers’ perspectives, as well as the perceived importance of agricultural extension services by farmers. This has the potential to help NGOs and practitioners active in agricultural extension service delivery to reorient themselves beyond the narrow mindset of information and technology transfer to making agricultural extension services user specific and demand driven.
Last but not least, information from the study might be helpful in guiding policies and development actions that support some of the Sustainable Development Goals of the United Nations (SDGs). 
[bookmark: _Toc116358948]1.5 Organization of the chapters	
The thesis is divided into five sections:
The first chapter presents the overview of agricultural extension services, issues of climate change and climate services and some of the effects of climate change in developing nations especially within the agricultural sector. It also presents the problem statement and the significance of the study as well as the research questions and objectives the study seeks to achieve.
The second chapter reviews the literature on the concepts, theories and relevant issues that surround climate change adaptation and agricultural extension service delivery.
Chapter three is in two sections. The first section provides brief detail about the study area i.e. Sawla/Tuna/Kalba. The second section highlights on the methodology of the study including the research design, sampling procedure and techniques, the population of the study, the data collection methods and techniques and data analysis methods and tools.
Chapter four provides answers to the research questions. These include data analysis, presentations and discussions on smallholder farmers’ adaptation to climate change, role of agricultural extension services in facilitating adaptation to climate change and the challenges constraining access to and delivery of agricultural extension services from farmers and extension agents’ perspectives. 
The last chapter will present the conclusions from the study, the major findings from the study and the professed recommendations for improving agricultural extension service delivery in the study area and Ghana.
[bookmark: _Toc116358949]1.6 Scope of the study 
The study was geographically carried out in Sawla/Tuna/Kalba District in the Savannah Region of Ghana. In context, it sought to explore some of the roles of agricultural extension services in facilitating climate change adaptation among smallholder farmers using the study area as a case study.











[bookmark: _Toc116358950]CHAPTER TWO
[bookmark: _Toc116358951]LITERATURE REVIEW AND THEORETICAL FRAMEWORK
[bookmark: _Toc116358952]2.0 Introduction 
This chapter reviewed various published literature on issues related to the study. The literature reviewed were accessed from journal publications, books, proceeding from conferences, reports and thesis published on roles of agricultural extension services in climate change adaptation and transfer of technologies. This chapter further discusses the theory of the study, the overview of agricultural extension service delivery in Ghana, the relevance of agricultural extension services to smallholder farmers, and other climate change-related issues. The aim of the chapter is to examine past and present literature regarding the roles of agricultural extension services in developing the adaptive capacities of smallholder farmers in adapting to climate change.  
[bookmark: _Toc116358953]2.1 Definition of concepts 
Climate change:  refers to the shift in the climate that can be directly or indirectly linked to human activities that changes the composition of the earth’s atmosphere in addition to natural variability seen over comparable time periods (IPCC., 2007)
Climate variability: refers to the changes in mean state of the climate on all spatial scales above the normal weather events (FAO., 2008).
Climate services: entails providing, communicating and disseminating climate-related information in a manner that help people and other organizations in analyzing, preventing and preparing for incoming extreme climate-related phenomena (FOA., 2020). 
Smallholder farmer: refers to any small-scale farmer having less than two (2) hectares in size of land (MoFA., 2011).
Agricultural extension:  refers to a set of support services that are aimed at developing and inducing technologies with the goal of addressing the challenges of farmers (Leeuwis., 2006). 
Climate change adaptation: is defined as the adjustment made in a natural or human system as a response to potential or anticipated climatic events, which helps reduce the impacts or exploit opportunities (IPCC., 2014).
Agricultural technology/innovation: refers to any agricultural and/or farming practices, inputs, as well as labor saving devices recommended by research, extension and any other credible sources to farmers meant to boost farmers’ productivity and resilience in the face of climate change. 
Adaptive capacity: refers to the capacity to respond to climate change, reduce climatic impacts, and exploit opportunities or cope with threats (IPCC., 2007)
[bookmark: _Toc116358954]2.2 Concepts of climate change adaptation
The term adaptation according to Osei-Okyere (2018) came into use during the 17th century and its meaning included adjustments to environmental conditions. As time passes by, the term adaptation was used to describe the modification of an organism or its parts that makes it more fit for survival under the conditions of its environment (Smit & Wandel., 2006; Kitano., 2002). The meaning of adaptation in modern times has been expanded to include human and their systems, focusing on how humans and societies adjust their systems in relation to changing environmental conditions. According to Antwi-Agyei and Nyantakyi-Frimpong (2021), coping and adaptation are now the main terms in literature on adaptation to climate change over the past two and a half decades, and their meaning has prompted a lot of debate in the fields of research, policy, and practice. According to Vincent et al (2013), while coping refers to short-term measures in maintaining survival, adaptation connotes longer-term changes in attitudes and practices that decrease climate vulnerabilities.
IPCC defines adaptation as the changes made in a natural or human system as a response to potential or anticipated climatic events, which helps reduce the impacts or exploit opportunities (IPCC., 2014). The German Society for International Cooperation (GIZ) (2014), also describes adaptation as the changes in a natural and social system in reaction to potential climate extreme events with the aim of minimizing impacts. What is common in all these definitions is a notion of some form of adjustment that must be made for a system to be resilient. This adjustment is to ensure that, a system can resist the shocks that climate change and variability can bring. Another related concept that is closely linked to the purpose of adaptation is adaptive capacity. According to the IPCC (2007), adaptive capacity refers to the capacity to respond to climate change, reduce climatic impacts, and exploit opportunities or cope with threats. For Adger et al (2007), adaptive capacity refers to how successfully a system is able to adapt to climate change. 
According to the IPCC (2001), there are different kinds of adaptations including autonomous and planned adaptation, anticipatory and reactive adaptation and private and public adaptation.  According to the African Adaptation Gap Report (2016), autonomous adaptation refers to adaptation measures that are employed in a reactive way in response to climate-related threats. This type of adaptation is mostly less expensive and mostly used by individual households. As a result, it is mostly described as private adaptation (African Adaptation Gap Report., 2016). Examples of this type of adaptation include fertilizer application, use of improved crop varieties, use of pesticides etc. Because of its reactive tendency, this type of adaptation mostly results in maladaptation, which is defined as any adjustment that worsens vulnerability (IPCC., 2001). On the other hand, anticipatory or planned adaptation includes measures that are taken in advance before extreme climate-related events occur (African Adaptation Gap Report., 2016). This type of adaptation demands huge investments by government and other agencies and often referred to as public adaptation. Examples of this adaptations include research into improved seeds, dam construction etc. (African Adaptation Gap Report., 2016). 
The adaptation measures such as fertilizer application, use of drought tolerant and early maturing crops, use of pesticides that most farmers and communities use are reactive or autonomous adaptations. However, public and private institutions can take both anticipatory and autonomous adaptations depending on the circumstances. In Ghana, the majority of the adaptation strategies farmers are using are autonomous adaptations. 
[bookmark: _Toc116358955]2.3 Climate change trends and projections for Africa 
Africa is widely regarded as a vulnerable continent to future climate changes due to its high exposure and limited adaptive capacity (Sutton et al., 2011; Barros et al., 2014). Many studies (Alliance for Green Revolution in Africa (AGRA)., 2014; Zougmore et al., 2016; IPCC., 2021, 2013) predict more severe climatic impacts in Africa due to projected future changes in various climate variables for the coming century. These projections for the various climate variables remain very useful since they serve as reference points for adaptation decisions from the national to local levels (Assi et al., 2019). Globally, the IPCC and other researchers have conducted or used a range of model simulation and emissions scenarios in climate change modelling to determine future changes in climate parameters including temperature (section 2.2.1), precipitation (section 2.2.2) and sea-level rise (section 2.2.3), the results of which are presented in the sections below. 
[bookmark: _Toc116358956]2.3.1 Projections for Temperature changes in Africa
Surface temperatures are expected to increase across all the African regions. According to the IPCC (2021), the rate of warming in Africa is rising faster compared to global averages both over land and oceans. The latest IPCC report (AR6) notes that, critical warming levels could be experienced in Africa and other parts of the world sooner than earlier projected. The future changes in temperatures are predicted for two future time periods, 2030–2059 (near term) and 2070–2099 (long term), relative to the present climate (1981–2010), for Africa (Almazroui et al., 2020). Using the Coupled Model Inter-comparison Project (CMIP6) multi-model ensemble, the IPCC in 2021 predicts that, the African continent will continue to witness rises in average annual temperatures especially during the 21st century. The average annual temperatures over Africa for the near long-term period is predicted to rise by 1.2 °C (1.4 °C), 1.5 °C (2.3 °C), and 1.8 °C (4.4 °C) under the Shared Socioeconomic Pathways (SSPs) for weak, moderate, and strong forcing, referenced as SSP1-2.6, SSP2-4.5, and SSP5-8.5, respectively (Almazroui et al., 2020). However, Almazroui et al (2020) argue that, not all parts of the African continent will experience such warmings, but the warming will differ by regions. Using the strong forcing SSP5-8.5 scenario, it is revealed that, by the close of the 21st century, the highest increase in average temperatures of 5.6 °C will be experienced throughout the Sahara, while the lowest increase of 3.5 °C will be experienced throughout Central East Africa. 
[bookmark: _Toc116358957]2.3.2 Projections for Rainfall/Precipitation in Africa
Using the Representative Concentration Pathways (RCPs) scenarios, the IPCC predicts that, there will be severe decline in average  rainfall annually throughout Southern Africa, Central Africa and parts of Eastern Africa and they are likely to experience declines of -5%,-2%, and 0%  respectively by 2035 for the RCP4.5 mean model ensembles (IPCC., 2013). Projections for precipitations in the 21st century for the African continent however will differ largely base on the season and spatial variability (Almazroui et al., 2020). The southern and northern parts of Africa are predicted to experience declines in precipitation whiles the Central parts of Africa will witness a rise in precipitation (Almazroui et al., 2020). For the near long-term periods, mean precipitation throughout the African continent is predicted to rise by 6.2 (4.8) %, 6.8 (8.5) %, and 9.5 (15.2) % under SSP1-2.6, SSP2-4.5, and SSP5-8.5, respectively (Almazroui et al., 2020). Similar to the IPCC results, other studies (Kruger & Shongwe., 2004; Nikulin et al., 2012; Sylla et al., 2013), note that, the available datasets indicate differences with respect to precipitation throughout the African continent and as a result, it not easy to conclude on precipitation trends in Africa.
[bookmark: _Toc116358958]2.3.3 Projections for Sea level rise in Africa
Before the close of the century, the coastal lines of Africa are predicted to experience rises in sea levels of close to 10%, which is far higher than the global averages (Schellnhuber et al., 2013). These predictions, however, may not be experienced equally along all the coastal lines (African Adaptation Gap Report., 2016). For instance, the rises in sea levels are predicted to be much higher in Southern Africa compared to Western and notably Northern Africa.
[bookmark: _Toc116358959]2.4 Impacts of climate change on smallholder farmers in Africa
The empirical evidence of climate change impacts in less developing countries remains a major concern. According to studies (Cairns et al., 2013; Bryan et al., 2009), climate change will have considerable effects on agricultural activities of farmers in developing countries, especially in Africa. Several studies have also predicted serious climate impacts on smallholder farmers through mechanisms such as drought (section 2.4.1), floods (section 2.4.2), pest and diseases (section 2.4.3) and impacts of climate change on yields (section 2.4.4). 
[bookmark: _Toc116358960]2.4.1 Impacts of drought on agriculture 
Drought remains the most devastating climate-related threat globally, and it continues to pose serious and damaging threats to smallholder farmers and agriculture in many developing countries particularly in Africa. Evidently, the Western part of Africa is noted to be the most susceptible and regularly affected area to drought (Brooks., 2004). According to Partey et al (2019), drought frequency in Western Africa is projected to be more severe resulting in a decline in agricultural productivity. Many Studies have demonstrated the adverse effects of drought in West Africa particularly in the Sahelian region (Zargar & Sadiq., 2011; Zeng., 2003). In many parts of Africa, agricultural activities are mainly reliant on rainfall and a change in the rainfall pattern can present severe consequences in the form of food insecurity.
Drought can be described as inadequacy of rain for a prolonged time period, mostly more than a month, leading to water shortage and producing detrimental impacts to soil, livestock and humans (Msangi., 2004; Rouault & Richard., 2003). Droughts are by their very nature destructive, and can wreak severe havoc in the agricultural sector (Chhabra et al., 2016). Droughts as Wilhite (2000) postulates are of four different types, namely: Hydrological, Meteorological, Socio-economic and Agricultural drought. Agricultural drought occurs when the moisture in the soil is inadequate for crop growth, whereas meteorological drought is as a result of inadequate precipitation from the atmosphere. Socioeconomic drought refers to the shortage of water availability for communities, while hydrological drought refers to shortage in the quantity of ground and surface water (Hao & Singh., 2015). 
Several studies (Philipose., 2018; Sutcliffe et al., 2016; Kamara et al., 2018), have examine the impacts of drought on smallholder households and livelihoods in rural farming communities. Philipose (2018), for instance, explored how droughts have been adversely affecting food security in Zambia and Malawi that put the two countries at risk of malnourishment. According to a research by the International Food Policy Research Institute (2012), droughts were found to be the main cause of food shortages and malnutrition due to their roles in reducing crop yields, depletion of pastures, death of livestock and outbreak of diseases. Similarly, a research conducted in Zambia and Zimbabwe by Mubaya et al (2010) found that, due to drought, almost all the croplands had dried up leading to substantial reduction in agricultural outputs. They further noted that, the immediate effects of the reduction in yields of crops caused by drought was shortage of food and hunger. Across the whole of southern Africa, studies (Mkuhlani et al., 2019a; Ntombela et al., 2017) also revealed that, most farmers with no access to irrigation facilities could not sustain agricultural productivity in periods of drought.
In Ghana, droughts remain a severe climatic event affecting smallholder farmers and general agricultural activities. A research in Ghana by Sutcliffe et al (2016), found that, most farmers were affected by drought, which resulted in a shortage of water for both humans and animals. Similarly, a research by Aniah et al (2019) discovered that, almost 80% of the farmers in Bongo sold their major assets in responding to drought events. They emphasized that, the situation had affected and degraded smallholder farmers coping abilities hence jeopardizing food availability in the Bongo area.
[bookmark: _Toc116358961]2.4.2 Impacts of floods on agriculture 
Impacts of floods on smallholder farmers and agricultural activities are similar to the impacts of droughts. In the case of agriculture, Van der Geest and Warmer (2014) concur that, the impacts process varies between droughts and floods but the effects are the same: loss of harvest as a first-order impact, follow by second- order impacts such as food insecurity, low income, a lack of seeds, poverty and indebtedness. They further posited that, with respect to the biophysical impact process, crops are mostly swept away, with farmers in flood-affected areas frequently losing their whole harvest. Issues of floods are now gaining attention globally because of their numerous impacts. Estimates from the Center for Research on the Epidemiology of Disasters show that, severe incidences of floods over the last forty years have risen from 4 to 9 and to 42 and now 105. According to Devereux (2007), incidences of floods are noted to present adverse effects in the agricultural sector resulting in impacts such as decreased agricultural outputs, food insecurity and poverty in developing nations.
Spore (2008) already posited that, most countries within the African continent has been experiencing the threats of floods in the form of destruction of properties, washing away of farms and livestock. Studies such as (Newton et al., 2011; Serdeczny et al., 2017), reported that, most farmers in the southern part of Africa losses a lot in events of floods as their farms are destroyed and most of their livestock also killed. Similarly, Udemezue (2019) posited that, in some part of Nigeria, there have been an incidence of heavy flooding that held the lives of the rural farmers on ransom and exposing their assets, income, production activities, transportation, and health to negative consequences. Consequent after the damages by the flooding incidence, the government, in collaboration with Non-Governmental Organizations (NGOs), came to the aid of those rural smallholder farmers with some felt needs (Udemezue., 2019). Studies by Devereux (2007) and Mathivha et al (2016) in the Luvuvhu River catchment also reveals the impacts of floods, they found that, floods were adversely affecting agricultural productivity and income of farmers due to the crop losses, declining sales of crops and death of livestock. Similarly, McCarthy et al (2021) revealed that, the flood shocks within Malawi were significantly worse, resulting in 54% lower maize yields and a 58% lower value per hectare. In some selected districts in Zambia, Mubaya et al (2010) also found that, floods led to water logging and leaching leading to total failure of crops, and extremely lower yields among smallholder farmers. 
Floods are a common feature in Ghana. From empirical evidence, Musah et al (2013) for instance explored the effects of floods on food security within the Tolon district. Their findings revealed that, flood incidences were having detrimental effects on farmers, as crops were washed away leading to food insecurity. This was further corroborated by Armah et al (2010), who reveal that, common flood impacts in the northern regions of Ghana involved depletion of soil fertility, loss of crops and farmlands, migration and food insecurity. Generally, the northern regions of Ghana are noted as the most vulnerable regions to flood and its related impacts.  A clear example is the 2007/2008 flooding incidence in the northern part of Ghana that resulted in destruction of farmlands and properties, food crisis and poverty among the people (Nti., 2012). 
[bookmark: _Toc116358962]2.4.3 Impacts of pest and diseases on agriculture 
As stated by Niang et al (2014), in periods of changing climate, threats from insects, pest and diseases and weeds are also projected to become prevalent, posing threats to crops and livestock. It is estimated that, close to 1/6th of all agricultural output is lost to pest across the globe. The high temperatures and wet conditions presented by climate change provides ideal conditions for pests and pathogenic organisms to breed and grow resulting in an increase in pest and disease incidences on crops and livestock (Nkomwa et al., 2014; Li et al., 2015). Phophi et al (2017), further buttress this by concurring that, high temperatures affect the growth of most plant pathogens. Pathogens that rely on temperatures for growth can become aggressive because of the higher temperatures, and if they take advantage of the hotter conditions, they will grow and spread to devastate crops if not controlled (Ahanger et al., 2013). This means the higher the temperature, the faster the growth rate and insect populations, which can lead to significant crop losses if farmers fail to control them (Phophi et al., 2017).  
According Reddy (2013), climate change can present several possibilities such as, observable increase in life span of insects, migration and invasion of insects into new places and larger geographical coverage of insect attacks within a very short time period. Pests whose growth are influenced by the changing climate and can easily acclimatized in varied environmental situations are known be ectothermic (Phophi et al., 2017). This type of pests according to Ferrer et al (2014) have an advantage in terms of aggressive reproduction, posing a greater threat to agricultural productivity. Example of these pests are stem borers, aphids and whitefly. In the highland regions of Eastern Africa, Jaramillo et al (2011) revealed that, warming trends might cause crop pests to spread to new places. They noted that, the coffee berry borer (Hypothenemus hampei) would pose formidable dangers to coffee production in Ethiopia, some parts of Uganda and Kenya and good number of regions in Burundi and Rwanda. Meta-analyses under climate change according to Dinesh et al (2015) suggest that, close to 20% and above 50% of all ruminants and poultry respectively are annually lost prematurely in Africa due to infectious diseases. They further noted that, 58% of the 65 animal diseases discovered were climate sensitive and will increase rapidly with the changing climate.
A research by Yenesew et al (2015) discovered that, crop pests and diseases including worms, stock borer and locust in addition to poor access to veterinary services were the major threats to productivity among the research respondents. Similarly, farmers in the horticultural sector of Uganda complained of reduction in outputs due to pests and diseases and prolonged droughts (Mugambwa., 2014). In Ghana, the Food and Agricultural Organization (2018) revealed that, the outbreak of the armyworms presented massive reduction in yields especially that of millet, maize and sorghum. Consequently, close to 1.4 million hectares of cowpea and maize croplands were damaged as a result of the outbreak of the armyworms, while 64000 hectares of cocoa farmlands were also attacked (Mpofu., 2017; Office for the Coordination of Humanitarian Affairs (OCHA)., 2017). 
[bookmark: _Toc116358963]2.4.4 Impacts of climate change on yields
Climate change is predicted to affect the output of cereal production in Africa through events such as reduced length of growing season, increased water stress and invasion of pest and diseases (Niang et al., 2014). It is further projected that, climate change may drastically reduce crop production in Africa by 10-20% or perhaps 50% by 2050 (Jones & Thornton., 2002). Consequently, outputs of staple crops such as cassava, sorghum, maize and millet are estimated to experience severe reduction of between 8% and 22% by 2050 (Schlenker & Lobell., 2010). According to Boko et al (2007), crop yields in many countries will drop by close to 50% in 2020, revenues from crop production will also reduce by 90% in 2100, and the effect will be much felt by the farmers. In West Africa, many researchers (Schlender & Lobell., 2010; Rosenzweig et al., 2013; Sultan et al., 2014) have revealed that, the output of cereal crops is projected to fall by 10% in 2050 as a result of climate change. 
Since around 2010, understanding of the vulnerability of crops to excessive heat has grown significantly, demonstrating that, heat stress is a major cause of productivity losses and crop failures, particularly in the tropics. The IPCC (2007) projects a warming of 0.2˚C - 0.5˚C per decade for Africa, these projections the IPCC believed will have an effect on sensitive crops including sorghum, cowpea, yam, maize and cassava particularly in the Western parts of Africa. Mbiyozo (2020) concurs that, the rises in average temperatures over most land and ocean regions are generating hot extremes, as well as more erratic rainfall and drought. As soil quality worsens and water supplies become more stressed or unpredictable, crop net yields become more uncertain and are more likely to decline or fail (Mbiyozo., 2020). In the lower latitudes regions, Easterling et al (2007) found a linear correlation between temperature and decline in maize production. They found that, even a 0.1˚C rise in temperature could reduce maize yields by 3%.  
Even though the evidence shows that, climate changes will result in significant losses in the agricultural sector, some studies on crop yields also argue that, even in the face of climate change some potential yield gains are likely if adaptations and advantages are undertaken. Using model simulations in Cameroon, Tingem and Rivington (2009) for instance found that, simply shifting sowing dates increases maize yields by approximately 8% and sorghum yields by around 12%, which is almost the same as the projected maize output losses as a result of climate change.  Thornton et al (2010) also projected yield gains of 15% and 11% by 2030 and 18% and 15% by 2050 for Kenya and Rwanda respectively. The projected gains in yields in Kenya and Rwanda were connected to favorable increases in temperatures that brought seasonal growing temperatures to ideal levels. 
Evidence in Ghana already shows climate change effects on crop output with clear signs of decreasing yields in major staple crops across all the ecological zones. According to the EPA (2016), a good number of the staple crops in Ghana are already witnessing significant declines. According to the EPA (2016), cassava, maize, sorghum, rice and yam currently have yield gaps of 57.5%, 38%, 40%, 33.33% and 40%, respectively. Similarly, a study by Asante and Amuakwa-Mensah (2015) shows that, the yields of cassava will decline by 13.5% and 53% by 2050 and 2080 respectively. 
[bookmark: _Toc116358964]2.5 Adaptation strategies among smallholder farmers in Africa
According to Bryan et al (2009), it is very critical to ensure that, the agricultural sector is well adapted to contain and minimize the effects of climate change since this will protect the activities of the smallholder farmers. Akponikpè et al (2010) also posited that, effective and appropriate adaptation strategies to climate change is the only way out for the smallholder farmers. According Douxchamps et al (2016), when it comes to adaptation there exist no one-size-fits-all strategies given that different farmers can employ diverse strategies depending on their circumstances. Various literature has identified a variety of adaptation strategies used by smallholder farmers across the globe. Some of the adaptation measures collated from various studies include but not limited to livelihood diversification (section 2.5.1), improved crop varieties (section 2.5.2), water management and irrigation (section 2.5.3), migration (section 2.5.4), soil and land management (section 2.5.5) and climate information (section 2.5.6).
[bookmark: _Toc116358965]2.5.1 Livelihood diversification
Livelihood diversification is a strategy commonly utilized by smallholder households in many developing countries to protect themselves from the risks posed by climate stressors. By implication, livelihood diversification is where individuals such as smallholder farmers undertake a number of off-farm activities in order to supplement their farm income and protect their livelihoods. Authors such as Bryceson (2002) describe livelihood diversification in Africa as a symptom of failure of agricultural diversification and as an active process of deagrarianization. Various scholars define livelihood diversification in various ways. According to Ellis (2007), livelihood diversification is where rural households engage in different economic portfolios with the sole aim of surviving and enhancing their living standards. To Hussein and Nelson (1998), livelihood diversification is a series of activities people exploit in order to obtain financial capital. Assan (2014) notes that, the activities of livelihood diversification are now considered crucial among farmers in less developed countries since they serve as major sources of income. 
While livelihood diversification has a number of advantages including both survival and asset building, researchers frequently report its contribution to household food security among smallholder farmers in Africa and Asia (Mentamo & Geda., 2016). Some researchers (Barrett et al., 2001; Ellis et al., 2003) believed that, the practice of livelihood diversification enables farmers in rural areas to obtain assets from non-farm portfolios in order to help them adapt to and recover from losses resulting from climatic stresses. Diversification into non-farm enterprises is considered a kind of self-insurance among farmers especially now that agricultural activities alone would not be able produce sufficient incomes in sustaining their households (Maja & Oluwatayo., 2018). Therefore, considering the prevalence of climatic stresses, the practice of livelihood diversification should be encouraged among farmer in order to produce sustainable livelihoods.
Across the globe, evidence exist to show that, many households in rural areas of developing countries survive climate-related threats through the practices of livelihood diversification (Andersson & Djurfeldt., 2014; Losch et al., 2012). In Burkina Faso for example, farmers that have no access to capital to purchase modern farming inputs resort to non-farm activities for capital to invest in their farming (Savadogo et al., 1998).  Similarly, Woldehanna (2000), in Ethiopia found that, farming households with multiples sources of revenues witnessed high agricultural outputs and the income from the other activities were used to complement the incomes from the farms. According to Gecho et al (2014), approximately 42% of rural households in Africa depend solely on on-farm activities for their livelihoods, which includes crop and livestock activities, while the remaining 58% combine on-farm activities with non-farm and off-farm activities to sustain their livelihoods, with benefits including increased income, enhanced well-being, reduced vulnerability, and increased food security.
The existing empirical evidence in Ghana (Lay & Schüler., 2008; Dzanku., 2015) indisputably demonstrates the presence of considerable and expanding livelihood diversifications in rural farming communities. According to Haroun and Oduro (2002), most of the small-scale farmers in the south of Ghana are now turning to non-farm diversification as a way of obtaining additional revenues for their farming activities.	
[bookmark: _Toc116358966]2.5.2 Improved crop varieties (includes early maturing, drought resistant crops etc.)
The use of improved crop varieties is an important adaptation strategy among smallholder farmers globally. Studies have demonstrated that, the use of improve crop varieties have been one of the best strategies in adapting to climate change and their usage helps in generating close to 50–90% of crop yields even in the wake of climate threats (Bruins., 2009; World Bank., 2007). Aside their contribution in increasing crop yields, this improved crop varieties grants farmers the flexibility in adjusting to climate-related threats since they are drought tolerant and can mature early to reduce the growing season in case of projected drought extremes (Mustapha et al., 2012). Globally, it has been proven in several experiments that, the performance of improved crop varieties is superior to the traditional varieties, indicating that, even in the face of climate stress, increased levels in crop production can be reached from the use of improved crop varieties. 
According to Partey et al (2019), to lessen the effects of dry spells and achieve higher yields, farmers are now using improved drought resistant crop varieties. Evidence from studies show that, farmers in Tanzania are now responding to extreme climate conditions through the use of improve crop varieties that are tolerant to drought and can mature early (Shemsanga et al., 2010; Komba & Mchapondwa., 2012). A research in northern Uganda by Atube et al (2021) found that, 80% of the farmers used improved crop varieties that are tolerant to drought as their main adaptation measure to climate change. In addition, a study in Malawi by Fagariba et al (2018) discovered that, Malawians are seriously opting for short-season maize as a drought-resistant measure. Similarly, According to Nelson and Stathers (2009), Tanzanian farmers are now adopting quick maturing sorghum varieties since the traditional varieties are unable to mature in time due to the shortened rainy season. Their findings also support ActionAid's findings in Malawi, which show that, farmers choose short-season hybrid maize varieties since Malawi's growing season has shortened to the point that long-season local indigenous maize varieties are no longer viable. Aside the use of improved crop varieties, a study in the Iringa District of Tanzania by Kihupi et al (2015), also found that, 96% of respondents reported changing their planting dates as an adaptation response to climate threats.
In Ghana, the Council for Scientific and Industrial Research (CSIR) through Crop Research Institute of Ghana (CRI) and Savanah Agricultural Research Institute (SARI) has produced and distributed a number of improved crop varieties for use among farmers in all the ecological zones.  A study in Brong Ahafo Region of Ghana by Wrigley-Asante et al (2017) reveals that, most farmers adopted the use of improved crop varieties in adapting to climate change impacts. They noted that, if rainfall is predicted to be regular and consistent for more than three months farmers will use late maturing varieties for higher yields. However, if the rainfall is predicted to be short and erratic, they will use early maturing varieties for early maturation and good yields. 
[bookmark: _Toc116358967]2.5.3 Water management and irrigation
Based on the experience to date, Ward et al (2016) believe that, promoting agricultural water management and irrigation in purely rain-fed conditions can assist counteract the impacts of drought while achieving increase crop productivity.  According to Antwi-Agyei et al (2013), most farmers are now turning to small-scale irrigation as a strategy to grow vegetables and crops in the dry season and during periods of water stresses. Ward et al (2016) note that, the use small-scale irrigation systems have always been common in the arid regions of Africa particularly in places where there is availability of water sources. Burney et al (2013) further posits that, for smallholder farmers, irrigation can make numerous key improvements in crop yields and income generation in the following ways. First, it provides a second cropping season or an all year-round farming, since farmers will not be restricted by the duration of the rainy season. Second, farmers can plant higher-value crops that demand more reliable water supplies, such as fruits and vegetables and finally, irrigation can help alleviate the effects of climate stress such as droughts and excessive heat. 
According to FAO (2012), the 18% of croplands that are irrigated globally produces over 40% of the world's food. According to the FAO (2012), 37% of the cropland is currently irrigated in Asia, in contrast, only 4% of agricultural land in Sub-Saharan Africa (SSA) is irrigated (Burney et al., 2013).  Howell (2001) however recommends that, this small-scale irrigation schemes can be an efficient way to enhance water use efficiency, especially in arid areas in Africa. Empirical findings show that, cropland with drip irrigation can experience about 100% increase in crop outputs in comparison to fields without such systems (Maisiri et al., 2005). In some parts of Kenya, the yields of maize rose to 48% due to supplemental irrigation made from hand dug reservoirs supplemented with N-fertilizer (Barron & Okwach., 2005). In addition, a research by Kihupi et al (2015) in the Pawaga division in Tanzania, found that, all respondents (100%) resorted to the use of irrigation for their paddy fields. The researchers further revealed that, the farmers emphasized that, irrigation to them was a major strategy in overcoming the impacts of climate change. Irrigation therefore should be identified as a means of transforming farmers from subsistence to commercial farming (Nakawuka et al., 2017). 
In Ghana, as climate-related threats continues, prudent water management and irrigation through the establishment of small-scale irrigation schemes can be a better solution for delivering sustainable crop yields. In some areas, better water management and water harvesting can boost rain-fed crop yields. Some researchers further suggest that, providing small-scale irrigation to smallholder farmers will significantly minimize crop failure due to meteorological drought in arid areas of the country. For example, Laube et al (2012) found that, the use of shallow groundwater irrigation by smallholder farmers in northern parts of Ghana would be a promising measure in responding to climate-related threats in the area.
[bookmark: _Toc116358968]2.5.4 Soil and land management
Throughout the African continent, the decreasing fertility of the soil remains a critical concern and a grave hindrance in achieving food security (United Nation Department of Economic and Social Affairs., 2013; Vanlauwe et al., 2017). Therefore, preserving soil fertility is a critical task particularly for the heterogeneous small-scale farmers within Africa, where four soil degradation phenomena are recognized: water erosion, wind erosion, deterioration of physical properties, and nutrient depletion generated by degradation of soil fertility (Tittonell & Giller., 2013). The concept of soil fertility management entails the ability of a smallholder household to manage the soil effectively: in a low-input environment, this includes not only the application of the appropriate quantity and type of fertilizers, but also a set of practices (such as the right timing at which the fertilizer should be given, the correct management of manure, and the proper crop rotation scheme) that are carried out to effectively guarantee proper soil fertility (Occelli et al., 2021). Already, numerous improved soil and land management practices such compost making, mixed cropping and use of organic and inorganic manures have shown their effectiveness under different dry land conditions (Ward et al., 2016).
Some studies (Nkonya et al., 2016; Zougmore et al., 2014), have indicated that, using soil fertility and land management strategies allows farmers to produce adequate food even when the weather is unpredictable, with a yield increment of about 200%. Ward et al (2016) note that, the effectiveness of soil and land management practices are magnified when they are complemented by improved crop varieties. Soil is an essential ingredient of a resistant and long-term agricultural system (Nkonya et al., 2016). Yet several findings (Kiboi et al., 2019; Sileshi et al., 2019), demonstrate that, some soils, particularly in Africa, are losing their ability to support food production for the continent. 
This loss of soil fertility is due to the prolonged use of farmlands with no suitable soil and land management practices and will have an impact on Africa’s capacity to attain food security (Mugwe et al., 2009). Restoration of fertile soils that have lost their ability to support agricultural production is thus a crucial component in the attempts to address food security issues in Africa. Some sustained favorable outcomes have been attained and reported using soil fertility management practices. Arslan et al (2015), for example discovered that, mixed cropping of legumes can increase crop output by approximately 24% and that the benefits of legume intercropping increase as maximum seasonal temperatures rises. Research by Fagariba et al (2018), in the Sissala West District of Ghana found that, soil and land management practices such as crop rotation enabled the farmers to grow a variety of crops even in harsh climatic condition. Similarly, mixed cropping was also found to be a promising strategy in restoring the fertility of the soil particularly when leguminous crops are mixed with non-leguminous crops (Fagariba et al., 2018). 
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Migration has always been a response strategy to changes in environmental conditions. Weather patterns are projected to change and extreme events becoming more prevalent due to climate change and this will affect rural outmigration, particularly in places where farming relies on rainfall patterns (FAO., 2019). In recent years, the link between climate change and migration has garnered considerable attention in the media and political discourse (Bettini., 2013). This is evident in an increase in news stories and reporting about climate-related migration and displacement (Climate and Migration Coalition., 2015). However, International Organization for Migration (IOM) (2009) argues that, migration should not be merely considered as the inability of people to adjust to the climate change but as a strategy through which people decide to respond to the climate change.
Although it is predicted that Africa will suffer severe impacts of climate change, Borderon et al (2019) argue that, climate change on its own cannot trigger huge movements from the African continent to Europe or other continents. The reason is that, climate change cannot solely cause displacement of people, but rather, it will produce environmental threats and increase the vulnerability of people in a way that people cannot survive at their current places (IOM., 2009). These changes, in turn, will likely result in movements. However, Mpandeli et al (2020) argues that, the majority of these movements will be forced migrations, mostly unplanned hence posing issues for both the sending and receiving regions. Bohra-Mishra et al (2014) therefore argue that, migration can only be seen as an adaptation measure when it is planned and conducted in a coordinated manner.
Migration is seen as a necessary part of household adaptation and survival strategy, rather than a choice, particularly in countries where rain-fed subsistence agriculture is the source of livelihood (Weinreb et al., 2020). Indeed, many studies have found that, migration is one of the many strategies used by rural populations to adjust to the changing climate.  The movements of over 30% of pastoralists in East Africa due to climate change is proof of these studies, with the figure expected to rise to almost 40% by 2040 (Comparative Relief  Everywhere (CARE)., 2016). In sub-Saharan Africa, Marchiori et al (2012) projects that, anomalies in weather patterns will compel 11.8 million people to move each year by the end of the 21st century. A research in rural India by Jha et al (2017) revealed that, the number of people who were willing and preparing to move in response to climate change was much higher.
In some parts of Southwestern Mexico, Munshi (2003) discovered a link between decreasing rainfall and increased migration to the United States, owing to the fact that many of the rural population relied on rain-fed agriculture. Similarly, Brown and Crawford (2008) noted that, in northern and central Burkina Faso, most farmers moved to much fertile areas within the eastern and western part of Burkina Faso due to prolonged droughts. In Ghana, rural-urban migration is noted be an important strategy people use in responding to climate change. Most of the farmers usually migrate to the big cities for non-farm jobs and the income generated from such jobs are used to purchase farming inputs necessary to respond to climate-related threats.
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According to Partey et al (2013), the excessive reliance of agricultural production on rainfall, the irregularity of rainfall, and the growing severity of droughts have necessitated the production and transmission of information on seasonal climate and weather forecast to assist in farm level decision making. According Mustapha et al (2012), farmers with such advance notice on extreme climate conditions can adjust immediately by using improved crop varieties that are resistant to such events. Therefore, a major innovation in response to climate change will be the improvement in climate-related information delivery systems (Sumner et al., 1998). Tall et al (2012) already identified the potential usefulness of early warning information in helping vulnerable populations adapt to climate threats in semi-arid areas of Africa. According to Mude et al (2009), relevant and timely information can aid in more accurate forecasting of imminent "slow on set" weather events like drought, allowing for faster response and adaptation. Some researchers (Boyaci & Yildiz., 2016; Morrison & Sarris., 2007), have discovered that, agricultural extension services have been able to help farmers adapt to climate change by disseminating climate-related information. 
Hansen et al (2019), hence, claim that, better comprehension of climate information needs and removal of barriers to this information can help farmers adopt more adaptation strategies. In recent literature, the importance of understanding the intrinsic relevance of climate information to farmers has been highlighted (Carr et al., 2020; Carr & Onzere., 2018; Tall et al., 2018). According to Fosu-Mensah et al (2012), the availability of information on the weather allows farmers to take advance actions in minimizing the effects of climate variability. Carr et al (2020) and Carr and Onzere (2018) noted that, if climate-related information is provided in a timely manner, farmers will be able to adopt adaptation measures to climate change more efficiently and sustainably. Findings from studies in four West African nations including Ghana show that, the use of weather and climate information by farmers increased yields of maize by approximately 44% (Tarchiani et al., 2017). Temesgen et al (2008) further noted that, access to information from extension service providers increases the chances of farmers adopting climate adaptation measures since they are introduced to new ways of farming. Again, in Burkina Faso, Roudier et al (2014) noted that, using climate projections by farmers resulted in improvements in farming practices among 75% of farmers, resulting in a 30% rise in grain yields and significant reductions in post-harvest losses. 
Because of this evidence of positive payoffs connected with the dissemination of climate information, several countries are now stepping up efforts to ensure that, farmers receive timely and reliable weather forecasts to facilitate in the adoption of adaptation measures. In Tanzania, Kenya and Malawi for instance, mobile phones and local radio stations are utilized to disseminate climate information in local languages to farmers in the hinterlands (Climate Change Agriculture and Food Security (CCAFS)., 2018). Elsewhere in Limpopo in South Africa, Mpandeli et al (2015) reveal that, daily weather forecasts are disseminated by the South African Weather Station through both the print and the electronic media and it is published online to provide 24 hours seasonal forecasts information for farmers to plan their daily activities. Similarly, in Ethiopia, the Ministry of Agriculture and the Agricultural Transformation Agency (ATA) are now using telephones to share climate information to farmers through SMS in order to help them better adapt to the threats of climate change.
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Climate services are now gaining prominence worldwide as important tools towards the global drive on climate adaptation (Zillman., 2009; Hansen et al., 2014). The main goal of climate service is to ensure that, people and societies have access to timely and user specific climate information and knowledge in way that they can take precautionary measures that protect their lives and livelihoods (Vaughan & Dessai., 2014). According to FOA (2020), climate services involve providing, transmitting, and disseminating information on weather and climate in a way that helps people and organizations in analyzing, preventing, or preparing for potentially dangerous weather and climate occurrences. To the European Commission Roadmap for Climate Services (2015), climate services involve transforming climate and other important related information into projections, forecast and trends, and may include advisory services on best practices and solutions in relation to climate threats that society can use for adaptation.
A climate service is different from climate information. Tall (2013) makes the distinction between climate information and a climate service. Unlike climate information, a climate service, according to Tall (2013), demands proper and sustained involvement of users in order to know what they want and engage them in the co-design and co-evaluation of information products and services, and building effective communication channels. There is exist different types of users with different climate service needs, as a result, there exist a number of climate services to meet the specific needs of the users. Jorg Corteker (2018) has listed a number of different climate services that exist for users base on their characteristics some which include, graphics and maps, data, proceed data, and metadata, consultancy, capacity building, synthesis and assessments reports, guidance etc. Corteker (2018) explains that, the reason for these various typologies of climate services is that, different types of users ask for/require different climate services. These differences in climate services makes it easier for users to find data or information that they need to meet their specific needs.
Recently, given these unprecedented occurrences of extreme climate conditions in Africa, many farmers have been compelled to rely on seasonal forecast for farm planning and decision-making (Elum et al., 2017). Generally, climate services possess the ability to minimize climate impacts at every level in the agricultural value chain, and can guide individual and national level planning decisions (Hansen et al, 2018).  Arguably, climate services are now reigniting hopes for farmers in securing sustainable and productive livelihoods particularly at this time when agricultural activities seem completely damaged given the impacts of climate change and the failures of indigenous weather forecast in many parts of the world (Ebhuoma et al., 2020). According to Ouédraogo et al (2018) for example, climate services could assist farmers in reducing uncertainties by utilizing positive information on the weather to plant extensively as a result avoiding losses during unfavorable weather forecasts.
There are many studies (Hansen et al., 2011; Tall et al., 2012; Hellmuth et al., 2007) highlighting the importance of climate services in supporting accurate adaptation decisions in different climate sensitive sectors including agriculture, health, disaster management and water management. In Burkina Faso, Ouédraogo et al (2015) for instance found that, farmers who were given access to climate information were able to adapt their activities following the information they got and that resulted in higher yields. Furthermore, a research conducted in four West African nations with Ghana included show that, the use of weather and climate information by farmers increased yields of maize by approximately 44% (Tarchiani et al., 2017). Similarly, Antwi-Agyei et al (2013) found that, access to reliable and accurate climate services in Ghana can be one of the valuable instruments for improving planning, application, and uptake of adaption strategies. Despite the relevance of climate services in the adaptation agenda, Vaughan and Dessai, (2014) believe that, in many circumstances, the relationship between users and producers of climate information are poor or nonexistent. Due to these poor relationships between users and producers, the information is mostly presented in a way that the users cannot comprehend and use for adaptation decisions (Orlove et al., 2004).
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Similar to other African countries, climate change remains a huge problem for Ghana since Ghana is vulnerable to the Atlantic Ocean and Sahelian climate impacts (EPA., 2020). According to the EPA (2020), the consequences of climate change are spreading throughout Ghana and are expected to intensify in the near future with severe detrimental effects on national development. Generally, climate change in Ghana manifest through rising temperatures (both land and sea), extreme weather patterns and rises in sea levels (EPA., 2016).  The climate-related effects that are mostly witnessed in Ghana include observable rises in temperatures, prolonged droughts, unreliable rainfall and rises in marine surface temperatures, which is something that both the Ghana National Climate Change Policy and the National Climate Change Adaptation Strategy acknowledge (EPA., 2016). Ghana's Greenhouse Gas (GHG) emissions have increased since 2004, and in 2014, the latest year Ghana reported to UNFCCC, Ghana’s total GHG emissions, excluding the Agriculture, Forestry and Other Land Use (AFOLU) sector, were shown to be 16.51 MtCO2e. Carbon dioxide levels have risen by 82%, Nitrous oxide by 22% and Methane by 16% (EPA., 2016). Evidence exists to show that, the climate has actually changed in recent years across Ghana's key ecological zones and it is further predicted to change rapidly (EPA., 2016).
According to McSweeney et al (2006), Ghana's average temperature annually has increased by 1.0 °C since 1960.  GIZ (2019) also remarked that, due to the increased GHG concentrations, air temperature in Ghana will increase from 1.7 to 3.7 °C by 2080 relative to the year 1876, but this will depend on the future GHG emissions scenario. In line with the rising annual mean temperatures, GIZ (2019) further revealed that, the number of very hot days (more than 35 °C) annually will increased greatly especially in the northern part of Ghana and the frequency of hot days and nights will rise to 18–59% by 2060. Overall, annual rainfall is also predicted to reduce by 4.4% by 2040, with more erratic and intense rainfall during the wet season and lower precipitation levels during the dry season with larger decreases in the south (United States Agency for International Development., 2017). Even though the EPA acknowledges that rainfall would decrease in some of the ecological zones, they forecast significant increases in decadal trends after 2050 (EPA., 2020).
There is no doubt that these projected future variations in temperature and rainfall will have significant impacts in a vulnerable country like Ghana. Ghana's vulnerability stems from its reliance on climate-sensitive sectors including agriculture, forestry, and energy production (EPA., 2016).  The consequences of climate extreme events in every sector of Ghana’s economy (Health, Agriculture, Roads, Energy etc.) is very clear and now a serious issue of concern in national development policy and planning. Twerefou et al (2014) for instance, revealed that, in just one year, a total of 1016km of roads were completely destructed, 13 bridges destroyed and 442 sewers destroyed in the northern part of the country alone in 2007 due to climate extreme occurrences.
In terms of the agricultural sector, it is estimated that, maize, rice, cassava, yam and sorghum currently have an output gap of 38%, 33.33%, 57.5%, 40% and 38%, respectively, due to changes in temperatures and precipitation (EPA., 2016). Even with these lower outputs, some studies believed that, many of these crops would still suffer severe reductions in outputs due to climate change (Knox et al., 2012; Issahaku et al., 2014). For example, a research by Asante and Amuakwa-Mensah, (2015) reveals that, cassava yields will decline by 13.5% and 53% in the years 2050 and 2080 respectively.
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The concept of smallholder farmers is difficult to define precisely. Vermeulen and Cotula (2010) note that, the definition of Smallholder farmers mostly varies from country to country. For Vermeulen and Cotula (2010), smallholder farmers are considered farmers with farm sizes of not more than 1 hectare in densely populated regions. However, considering Chamberlin’s (2007) extensive work on smallholder farmers in Ghana, other alternative viewpoints on the concept of smallholder farmers emerged. Smallholder, according to Chamberlin (2007), connotes limited land availability and when the connotations are stretched, it is expanded to include those that are “resource-poor” as smallholder farmers. He divided the definition of the concept into three categories: i.e., in terms of land holdings, resource access and vulnerability levels. This definition is consistent with Dixon et al (2004), who also considered smallholder farmers as those having little capital in comparison with other farmers in the agricultural sector. 
These definitions suggest that there is no standard definition of smallholder farmers because the interpretation vary depending on farm size, technology use, level of economic impacts, and labor size. Hence per this study, the definition expunged by the Ministry of Food and Agriculture (2011) which describes smallholder farmers as having less than two hectares in size of land will be adopted. The study adopts the farm size approach because it is easy to measure compared with other indicators. According to Harvey et al (2014), the total number of smallholder farmers is projected to be around 450 to 500 million globally and they produce 85% of the global food needs. These smallholder farmers however also constitute close to half of the hungry population globally and roughly about three-quarters of the hungry population in Africa (Japka., 2015).  Research by International Development for Agricultural Development (2012), notes that, half of the rural population in less developed countries (LDCs) are smallholder farmers with land holding of not more than 3 hectares. The population of smallholder farmers within Africa is estimated to be about 73% of all farmers in the continent. 
The Ghanaian agricultural sector is heavily made up of smallholder farmers, most of whom are peasant farmers. According to Chamberlin (2007), almost 90% of land holdings in Ghana are small-scale in nature with most being not more 2 hectares. Similar to other African nations, Ghana's smallholder farmers provide a substantial contribution to the food security of the nation. In Ghana, the definition of smallholder farmers also varies. The Ministry of Food and Agriculture (2011) which is the authoritative institutions in charge of agriculture, describes smallholder farmers as having less than two hectares in size of land, and that they constitute over 90% of agricultural land holdings in Ghana. According to Cornish (1998), most of the smallholder farmers are commonly involved in subsistence agriculture mostly for the consumption of the families. Cornish (1998) further revealed that, they are generally active in non-farm economic activities and the money earned is utilized to augment their revenues from farms. 
In Ghana, most of the smallholder farmers live in the rural communities as a result, most them remain beyond the reach of extension services. The majority of these smallholder farmers in Ghana are reported to be mostly engaged in grain crop production, using traditional farming practices such as hand weeding and cutting with a cutlass. They are commonly known to be engaged in the growing of crops such as rice, millet, maize, groundnut, sorghum, soya beans etc. Most of the activities of these smallholder farmers rely hugely on the rainfall and a great number of them have limited adaptive capacity, finance and technologies needed to respond to the dangers pose by the changing climate. Because of this, they have been noted to experience severe environmental consequences on their livelihood activities (Hertel & Rosch., 2010). According to Chamberlin (2007), these climate-related consequences in addition to other issues are the reasons for the fast-declining output in the agriculture sector of Ghana. Hence, there is the need to strengthen the adaptive capacities of these smallholder farmers in response to climate-related threats.
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Agricultural extension services in Ghana has undergone some number of transformations over the years. Extension programs according to Davis (2009) were generally considered as services to “extend” scientific and modern innovations to farmers in remote areas to better their living conditions. Hence, extension services included transferring modern technologies, promoting development in rural areas and non-formal education (Davis., 2009). The conventional aim of agricultural extension in many countries according to Davis (2009), concentrated on boosting productivity, increasing yields, educating farmers, and transfer of technologies. The history of agricultural extension in Ghana according to Ekepi (2009) shows that, agricultural extension services were first delivered during the 19th century by missionaries and foreign companies engaged in the cultivation of cash crops such as cocoa, rubber and coffee. 
During this era of pre-independence, the focus of the colonial masters was on the export market hence agricultural extension services were largely targeted at the cocoa sector. After independence, The United Ghana Farmers’ Co-operative Council (UGFCC) began providing agricultural extension services to farmers in the early 1960s who were organized into groups. During this period, agricultural extension transformed and included activities that centered on input supply and extension advice. However, it is revealed that, input supply preoccupied the minds of the agricultural extension officers than the transfer of extension knowledge, affecting the performance and effectiveness of agricultural extension during this time. Agricultural extension has been defined as a set of support services that are aimed at developing and inducing technologies with the goal of addressing the challenges of farmers (Leeuwis., 2006; Nicholas & Nnaji., 2011). This definition gives agricultural extension the commitment to deal with climate change as part of its responsibilities (Ozor., 2009). In Ghana, since the early 1900s, agricultural extension remains a critical part in the advancement of the agricultural sector particularly through the transmission of innovative technologies to farmers.
The Ministry of Food and Agriculture (MoFA) in Ghana is the main provider of agricultural extension services, with the most agricultural extension officers spread across the country. However, many NGOs are also directly engaged in the provision of agricultural extension services throughout the country. Since independence, the Agricultural Extension Service Directorate of MoFA is solely in charge of transferring agricultural technologies and improved farming practices to farmers in Ghana (Amezah & Hesse., 2002). The establishment of the directorate came with the aim of sustaining the agricultural sector and making it more productive through enhancing farmers’ accessibility to modern technology on a regular basis (MoFA., 2011). The Ministry of Food and Agriculture has on several occasion emphasized the significance of agricultural extension services to rural and national development (MoFA., 2016), asserting that, agricultural extension services can influence farmers' behavior in responding to, recovering from and adapting to climate change (MoFA., 2010). 
Currently, the Regional and District Agricultural Extension Directorates, which work closely with Agricultural Extension Agents (AEAs) oversee agricultural extension service delivery in the country. In Ghana, the Council for Scientific and Industrial Research (CSIR) is responsible for researches on innovations in the agricultural sector while MoFA is responsible for extension service delivery. In 1991, the Research and Extension Linkage Committees (RELCs) were established in all the ecological zones of Ghana to develop close collaboration between research, extension, and farmers. These RELCs are in charge of assessing farmers’ uptake of technology, as well as reviewing research and extension operations. The agricultural extension agents have over the years used a number of extension methods to deliver agricultural extension services to the farmers. Some of the common methods or approaches are grouped into top-down approaches, mass media approaches and participatory approaches (Kwadzo., 2014; MoFA., 2011; Davis., 2008).
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It is argued that, the approach through which agricultural extension services are delivered to farmers can determine access to these services. Throughout the years, many approaches to agricultural extension service delivery have been tried and used in Africa with the aim of enhancing farmers’ access to modern technologies and relevant information. In Ghana for instance, extension providers have used different approaches in their interaction with farmers over the years. Some of the common methods or approaches are grouped into top-down approaches, mass media approaches and participatory approaches (Kwadzo., 2014; MoFA., 2011; Davis., 2008).
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With the top-down approaches, the agricultural extension programs and services are decided at the national level with no involvement of the farmers. They consider the farmers merely as end users of the information and hence farmers are not engaged when deciding which services are best for them. These approaches are mostly characterized by top-down flow of information from government, technocrats and researchers to farmers through the agricultural extension officers with no participation of other actors in the agricultural extension chain and no feedback mechanism. Examples of these top-down approaches include the General Extension Approach, and Training and Visit Approach (T&V) (Kwadzo., 2014). 
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The General Extension Approach is one of the conventional extension approaches used mostly by MoFA’s extension agencies at the district, regional and national level. This approach became widely used by MoFA shortly after Ghana gained independence. According to Davis (2008), during this time, it was considered as a means to spread scientific-based knowledge to farmers in remote areas to assist them realized higher yields and food security. In this approach, the government with no consultation to anyone determines the technologies and informational needs of the farmers. Most often, what should be contained in the extension programs are determined inside the Ministry of Food and Agriculture, occasionally with participation from a wide range of specialists, administrative personnel, and political personnel. Due to this, this strategy is chastised for lacking two-way communication and the technologies and information are not specific to farmer needs. However, it has been discovered to be the best method for implementing national agricultural development initiatives.
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The T&V approach is one of the top-down approaches, recommended by the World Bank as a replacement for the general agricultural extension approach. According to Ponniah et al (2008), the T&V approach was first implemented in Turkey during the 1970s, then extended to India and Africa under World Bank funding in the late 1970s and early 1980s.  In Ghana, The T&V was first used in 1978 to overcome some of the flaws in the previous agricultural extension approach (Amezah & Hesse., 2004). The T&V approach according to Ponniah et al (2008) was adopted in places dominated by small-scale farmers who relied on outdated methods and with no access to modern technology.  They claimed that, the approach attempts to modify the production technologies used by the majority of farmers with assistance from well-trained agricultural extension officers with strong connections to agricultural research (Ponniah et al., 2008). This approach mostly involves regular training for extension officers and predetermined numbers of visits to farmers (Kwadwzo., 2014; MoFA., 2011). 
It mostly requires a set of fixed visitations to farmers allowing extension providers to communicate with the farmers. At each fortnight, contact farmers are visited and important messages are transmitted, allowing agricultural extension personnel to work more efficiently (Mahmood., 2005). Decisions on what must be communicated are determined at the national level and transferred to farmers through the agricultural extension officers. According to MoFA (2011), the T&V approach is mostly praised for enhancing knowledge and technical competencies of agricultural extension officers, resulting in more effective extension than before. Gautam (2000) also discovered that, this strategy results in agricultural growth and a better link between research findings and their implementation by farmers. However, Ponniah et al (2008), has critiqued the T&V approach as a top-down approach that allow for no involvement of farmers and their needs.
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The participatory models of agricultural extension came as a result of the many flaws connected with the top-down approaches. These approaches ensure maximum participation of farmers in extension programs and decisions. Under this approach, the task of the agricultural extension officer is to enhance communication between farmers and agricultural extension providers and to help farmers examine and solve their own problems (Kumeh., 2013). Farmers concerns and needs under these approaches are taken when deciding what extension programs should entail (MoFA., 2011). Some of the examples of these approaches are the Farmer Field School (FFS), farmers’ study circles or cooperatives and participatory rural appraisal.
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The FFS approach was developed purposively to expose irrigated rice farmers in Asia to skills of Integrated Pest Management (IPM) and from there it was then spread to other places (Van den Berg & Jiggins., 2007). In Ghana, the FFS was introduced in the mid-1990s. It came after numerous appeals for participatory approaches to agricultural extension, since the other approaches could not inspire farmers’ involvement in agricultural extension programs and decisions. FFS is therefore a community-based, participatory method that relies on the full participation of individual farmers. Under this system, farmers, usually in-group of (20-30) meet regularly at a demonstration site during the farming season to learn firsthand how they are supposed to implement the technologies transferred to them. They therefore have the opportunity to learn through observation and interaction with one another and the extension officers present (MoFA., 2011). 
Through this continual engagement and knowledge sharing, farmers gain the confidence and knowledge to make well-informed crop management decisions. One of the benefits of this strategy is that, it encourages farmers to share information with one another. Farmers that participate in the FFS demonstration and training exercises also pass on their technical expertise to their colleagues. The benefits of the Farmer Fields School strategy, according to Mahmood (2005), include increased extension coverage, which is not possible to achieve using individual contact approaches. The biggest disadvantage of this strategy is the high expense of the intensive training activities.  
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Study circles, which are far more participatory than FFS, allow the opportunity for group discovery and learning on any issue the participants choose. Under this approach, a group of farmers mainly those who produce common crops, meets on a regular basis without outside "expert" present (even though sometimes a resource person or facilitator can be invited) to discuss and learn. Davis and Place (2003) refer to this strategy as farmer-to-farmer extension since it allows farmers to learn from each other and address their challenges.
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NGOs and private sector companies mostly organize this approach. Under the Commodity Specialized Approach, the commodity organization is in charge of extension program planning. The organization determines the goals of extension program, information to be shared, the extension program schedules, who should be engaged in which areas of the program, and who should be the extension officer (Gyenfie., 2014).  These organizations mostly support farmers by giving them credit, technologies, inputs and other important services that may be needed (MoFA., 2011). The focus of this approach is mostly on export crops including coffee, cocoa, oil palm, rubber etc. Companies like Benso Oil Palm Plantations (BOPP) Limited, Twifo Oil Palm Plantation (TOPP) Limited and Ghana Rubber Estate Limited (GREL) are known to be employing this approach in Ghana. In this approach, the knowledge that is transferred by the agricultural extension officers correspond to the direct demands of the farmers, so such knowledge and information are always found to be relevant to the farmers (Gyenfie., 2014). There is also improve coordination, with farmers receiving timely research and marketing ideas. However, in some circumstances, the funding company's profit incentives may take precedence over farmers’ interests, resulting in disadvantageous terms and conditions, which can generate conflict (Gyenfie., 2014).
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Extension services are well known for their ability to facilitate farmers’ decisions in adjusting their activities in response to climate change (Nhemachena & Hassan., 2007; Falco et al., 2011). The conventional aim of agricultural extension in many countries according Davis (2009), concentrated on boosting productivity, increasing yields, educating farmers, and transferring technologies. However, in this modern context, Davis (2009) argues that, agricultural extension must go above mere technology transfer to including developing adaptive capacities of farmers, linking them to credit facilities and helping farmers deal with marketing issues (Davis., 2009). Extension institutions undertake crucial roles in facilitating climate change adaptation at different levels through the creation and dissemination innovative technologies and practices to farmers (Lybbert & Sumner., 2012). According to Agrawal (2008), the roles of agricultural extension organizations in climate change adaptation can be summarized in the following:  first, they help alleviate the impacts of climate-related events; second, they serve as a link between research institutions and farmers, third; they are the conduit through which information and technology is passed. 
According to Maponya and Mpandeli (2013), in order for farmers to effectively adapt to the climate, they will need new set of attitudes, skills and knowledge and agricultural extension services can assist in this regard. By bringing about changes in farmers’ attitudes, skills and knowledge, agricultural extension services can help farmers achieve higher yields, increased incomes and food availability even in the wake of climate change. In the face of climate change and variability, various studies have demonstrated the critical roles agricultural extension services play. According to Davis (2009), agricultural extension agents can promote best farming practices that can help farmers cope with climate change through the transfer of information on crop varieties that are tolerant to drought alongside details regarding the performance of the crops. Davis (2009) further stressed that, agricultural extension agents can share their expertise on climate-resilient farming practices with farmers, such as mixed cropping and minimum tillage practices. Many nations, according to Swanson and Rajalahti (2010), have achieve food security through the transfer of technologies and modern farming practices facilitated through agricultural extension services. Swanson and Rajalahti (2010) further noted that, through agricultural extension services, farmers have been able to increase their farm revenues and transform their livelihoods into more productive enterprises. 
In Ghana, the government has recognized that, through technology transfer and improved farming practices, rural extension services can aid in the country's efforts to achieve rural development, food security, and tackle environmental problems like climate change (MoFA., 2016). According to a study by Naab and Koranteng (2012) in the Upper West region of Ghana, farmers reported that, daily weather forecast information they obtained from agricultural extension officers assisted them to schedule their farming activities and preserve their livelihoods. The farmers further emphasized that, knowing when the rain will be shorter allows them to plant crop varieties that matured early (Naab & Koranteng., 2012).  Nitin (2012) further noted that, farmers could use the information in these areas to increase their output and income and with the higher incomes, they can be able to adopt money-demanding farming practices that can strengthen their resilience to climate change. 
[bookmark: _Toc116358984]2.12 Role of extension services in agricultural transformation and technological change 
The agricultural sector is the bedrock of the economies of many developing nations employing over 75% of the total population globally (UNFCCC., 2006). In recognition of the sectors susceptibility to climate-related threats, countries now prioritizing technological changes among farmers as an indispensable strategy for climate change adaptation. The Technology Executive Committee (TEC) of the UNFCCC (2014) has also called for more efforts in promoting technological changes in the agricultural sector in order to meet the targets of the UNFCCC. The outcomes of Green Revolution in Asia as shown by studies (Moser & Barrett., 2003; Barrett., 2008) are evidence that, agricultural transformation and technological changes are key in modern day agriculture.
The aim of agricultural extension is to transform the agricultural sector by encouraging farmers to embrace and use new agricultural technology and best farming practices. Agricultural extension services hence impart the necessary skills to farmers to undertake best farming practices and to make available relevant and timely information to farmers (Christopher., 2012). Therefore, the role of agricultural extension services in ensuring access to new agricultural technologies among farmers is very crucial in achieving agricultural transformation. Although the notion of transformation differs from field to field, it is associated with profound changes in social and economic systems (Marie-Hélène et al., 2018). Globally, the promotion of technological changes are at the heart of many agricultural transformation projects of agricultural extension service providers. The aim of agricultural extension is to disseminate agricultural technology and convince the farmers to embrace them towards climate change adaptation and sustainable livelihoods (Ullah & Zafarullahkhan., 2014).   
Recent years have seen agricultural extension services playing key roles in technological changes in the agricultural sector in Africa and many parts of the world. For instance, agricultural extension providers have now transformed the agricultural sector in Africa from the use of crude methods of farming to the use tractors and combine harvesters. Now many extension providers are introducing innovations such as air seeding technologies and drone technologies in farm management. These innovations introduced by agricultural extension providers according to Nidhi and Amit Kumar (2019) have resulted in increased yields and improve food quality even in the wake of the climate change. In Asia and other Latin countries, agricultural extension providers are introducing modern technologies that makes it possible to monitor and control crop irrigation systems via smartphone without visiting the fields. Crop sensors that can help in fertilizer application in a very effective manner are also been introduced. In Ghana, some agricultural extension providers such as the Yonko Pa Association are now introducing drones technologies to farmers to help in spraying their fields.
[bookmark: _Toc116358985]2.13 Constraints to climate change adaptation among smallholder farmers.
According to Bryan et al (2009), it very critical to ensure that, the agricultural sector is well adapted to contain and minimize the effects of climate change since this will protect the livelihoods of the smallholder farmers. Many developing countries have recently increased their efforts to ensure that smallholder farmers adapt to climate change and variability. Despite the tremendous progress, researchers have found several issues serving as obstacles to the attempts of farmers in adapting to climate change. Barriers or constraints to climate change adaptation refers to the factors impairing the adoption of climate adaptation measures (Huang et al., 2011). The constraints to climate change adaptation can be categorized into financial, socio-cultural, institutional, informational, and technological.
[bookmark: _Toc116358986]2.13.1 Financial constraints 
According to Antwi-Agyei et al (2013), financial constraint is one of the major barriers to climate change adaptation among farmers in Africa. Numerous studies (Bryan et al., 2009; Antwi-Agyei et al., 2012; Peterson et al., 2013) have also identified financial constraints as a major impediment in adapting to climate threats among farming communities in SSA. According to Anselm and Taofeeq (2010), the main challenge farmers face in adapting to climate change are related to poverty. They argued that, poor and hungry farmers naturally will direct their meagre agricultural revenues toward basic needs such as feeding and medication instead of investing in climate adaptation measures.  Similarly, in Ethiopia, Bryan et al (2009) found that, financial issues arising from poor access to credit facilities were some of the serious challenges hampering the adoption of adaptation measures by farmers in the country. According to Dasgupta and Baschieri (2010), poor farmers with limited capital are not able to adopt improved adaptation measures to minimize the negative impacts of climate change on their activities. As a result, Mpandeli and Maponya (2013) emphasized the importance of institutions that give assistance in the form of financial and technical to improve climate change adaptation among farmers. 
[bookmark: _Toc116358987]2.13.2 Information constraints
According to Popoola et al (2020), a major barrier hindering adaptation to climate change is inadequate essential climate-related information, which in turn has an impact on farmers’ adaptability. Several studies (Madzwamuse., 2016; Kassie et al., 2013) have stressed the importance of improving dissemination climate information to improve farmers' adaptive capacities. According to some studies, (Fosu-Mensah et al., 2012; Elum et al., 2017), the availability of information on the weather allows farmers to take advance actions in minimizing the effects of climate variability and threats. The effectiveness of farmers’ adaptation to climate-related threats, according to Bello et al (2013), is largely depended on their level of awareness and access to climate-related information. This agrees with Adger et al (2009), who indicated that, lack of information regarding the weather and climate could be an obstacle to effective implementation of adaptation strategies. A study by Nkeme and Ndaeyo (2013) in Nigeria discovered that, the inability of farmers to use adaptation strategies was connected to lack of climate change information. They further revealed that, due to the lack of climate and weather information, it was difficult for farmers to plan and make informed decisions on how to carry out their annual farming activities and as a result, some relied on traditional weather predictions, which are sometimes unscientific and unreliable. 
[bookmark: _Toc116358988]2.13.3 Institutional challenge
Institutions formed by the government, according to Biesbroek et al (2013), play a prominent part in supporting the adoption of adaptation strategies. Some studies have argued that, the poor institutional support is a barrier to the implementation of adaptation strategies among the majority of Ghanaian farmers. For instance, Antwi-Agyei et al (2018) found that, 33% of households in northeastern Ghana cited the poor institutional support as one of the main obstacles in their attempt to adapt to climate change. Laube et al (2012) also discovered that, smallholder farmers in Ghana suffer a number of detailed institutional issues, which includes poor institutional support with respect to climate information, agricultural extension services, subsidies and finance.
In Sub-Saharan Africa, particularly Ghana, extension professionals are obliged to serve as a crucial link between research institutions and farming households (Antwi-Agyei et al., 2013), by disseminating scientific knowledge on improved farming practices and climate-related information to farmers. Despite this, the statistics show that, Ghana has limited extension coverage, which is revealed to be preventing smallholder farmers from adapting to climate change effectively. For instance, SEND-Ghana (2014) discovered that, only 56% of the operational zones in Ghana have agricultural extension agents, and according to McNamara et al (2014), many of these agricultural extension agents are not present in the field, which actually means that, farmer- to-extension agent ratio is close to 1:2000 or 1:3000 (McNamara et al., 2014). This high number of farmers to extension agents makes it extremely difficult for the extension personnel to effectively deliver their mandate, thereby rendering extension services, which are supposed to help farmers in adapting to climate change ineffective. 
[bookmark: _Toc116358989]2.13.4 Socio-cultural constraints
According to Sadiq et al, (2019), socio-cultural issues such as peoples’ beliefs and practices significantly determine how people comprehend climate-related issues and the available adaptation options. Hence, some studies (Jones & Boyd., 2011; Antwi-Agyei et al., 2013) argued that, the beliefs and practices of farmers could also serve as obstacles in adaptation to climate change. Adu et al (2020), for instance, note that, the way of life of people and their beliefs mostly influence the way they approach climate change.  Moser and Ekstrom (2010) found that, the way people responded to climate-related threats was determined by their norms and values. Moser and Ekstrom (2010) therefore argued that, people from diverse cultural backgrounds who live in the same area may react differently to climate threats. 
[bookmark: _Toc116358990]2.14 Diffusion of Innovation Theory
This study relied on the Diffusion of Innovations Theory. The Diffusion of Innovations (DOI) theory attempts to illustrate how farmers adopt innovations. The DOI theory believes that, before farmers will adopt any innovation, they must first have a detailed knowledge on it. According to Roger (2003), farmers’ knowledge and adoption of any innovation will only be possible if they acquire the necessary information from the right sources.  According to Rogers (2003), diffusion of innovation refers to the process by which innovations are disseminated through certain mediums over a period to members of a social system. The theory was propounded by Everret Rogers in 1984. The theory emerged from the works of American rural sociologists who focused on how rural people in the 1940s adopted innovations and the complications that came with them (Simin & Janković., 2014).
According to Roling (1988), the Diffusion of Innovation Theory has served as a reference point in extension models and practice. In line with this, Sahin (2006) recommended the DOI theory as the perfect theory in studying the transfer and adoption of agricultural technology and innovations. As contained in the definition, innovation, communication channels, time, and social system are the main components of the DOI theory.  According to Rogers (2003), the adoption of any innovation will be largely determined by the relationship and interaction of these four key components.  
Innovation 
As a concept, innovation is defined as a persons’ first impression of an idea that he or she has never encountered before. According to Rogers (2003), “An innovation is an idea, practice, or project that is considered as new by people or other unit of adoption” (Rogers, 2003., p. 12). Rogers believes that, categorizing all innovations as new would be oversimplifying because the way people consider a technology to be new varies greatly from one person to the other. Thus, According to Rogers (2003), innovation is a subjective concept and that anything that is seen or heard for the first time contain some features of innovation to that person. The ‘newness’ feature that will determine innovation adoption decision process are link to three stages (knowledge, persuasion and decision) which will be discussed later. According, to Sahin (2006), the purpose of any innovation is to ensure that people change their practices from the old ways to the new ways of doing things. The rate at which smallholder farmers embrace innovation, on the other hand, is largely determined by the innovation itself, its qualities, the personal characteristics of rural farmers, and the local environment in which the technology/innovation transfer process occurs (Palis et al., 2010). Sennuga et al (2021) also argued that, any attempt by agricultural extension workers to transmit an innovation might fail if they do not have a good knowledge of how innovation and potential users (smallholder farmers) interact in their local environment before and during the innovation process. 
According to Rogers (1983), four qualities (compatibility, complexity, triable, observability) determine the relative advantage of an innovation and their rate of adoption from the farmers’ perspective.
Relative Advantage: this refers to the extent to which an innovation is regarded as superior to the idea or innovation it intends to replace. For example, if farmers believe that using improved crop varieties will result in higher yields than using traditional varieties, they will be more inclined to adopt and utilize improved crop varieties. Relative advantage can be measured in terms of economic advantage, social prestige, and satisfaction that are associated with the innovation. The relative advantage of an innovation is determined by four key elements including compatibility, complexity, triable and observability.  
· Compatibility: the extent to which the farmers perceives an innovation to be consistent with their values, norms, management objectives, past experience, and technological needs. For example, if innovators used human feces to make manure, many Muslim communities would be reluctant to adopt it due to religious beliefs and norms. Therefore, an innovation that is not compatible with the given conditions of farmers will not be adopted rapidly as the one that is.
· Complexity: the extent to which the innovation is understood and can be used by farmers. The level at which an innovation is considered complex can influence its adoption. Mostly, innovations that are easy to comprehend have a higher rate of adoption than those that will demand the adopter to acquire skills before using them.
· Triable: describes how effective the innovation can be tested to provide evidence and erase doubts. The results from the trials serves as good determinants to the adoption of the innovation. According Rogers (2003), individuals will prefer innovation that have been tested and produced good results since such innovations are considered less uncertain.
· Observability: the extent to which the innovation produces outcomes that can be testified among individuals. An innovation with observable results that people can testify have a higher rate of adoption compared to those that do not.
Rogers (2003) therefore claimed that, innovations with more relative advantage, compatibility, simplicity, observability and are triable would be accepted more quickly and vice versa.
Communication channel 
This is the second component of the diffusion of innovation process. According to Rogers (2003), communication channels are mediums through which individuals communicate and share ideas with each other for the purposes of comprehending issues. According to Sahin, (2006), the choice of communication channels will determine whether the diffusion process will fail or succeed because channels that are not accessible to people will mean failure for the innovation. In the opinion of Olajide and Oresanya (2017), the correct communication channels should have the inherent ability to disseminate timely and up-to-date information to smallholder farmers. According to Rogers (2003), the two most influential channels for transmitting innovations are the mass media and interpersonal communication channels. According to Rogers (2003), interpersonal channels have strong potential in bringing about changes in peoples’ perceptions and attitudes. Roger (2003) however noted that, in interpersonal channels, the interaction may contain some form of ‘homophily’, which is simply the extent to which the people interacting have same knowledge, education, beliefs and social status (Roger., 2003) hence adoption may become challenging. He argues that, in practical situations diffusion cannot take place in a ‘homphily’ situation. Rogers (2003) believed that, it is impossible for diffusion to take place when the person sending and the person receiving the innovation have the same level of competence and attributes. 
Rogers (2003) therefore argued that, diffusion of innovation would demand some level of ‘heterophily’, which is simply the extent to which the individuals interacting have different attributes and competencies.  Rogers (2003) however, noted that ‘heterophily’ situation could also lead to poor communication particularly when the person bringing the innovation is unable to speak the local language and does not comprehend the social structure of the society. However, as far as agricultural extension is concerned, the literature revealed that, there are various communication channels employed by researchers and agricultural extension workers ranging from mass media, traditional media, print media, on-farm researcher-led demonstrations, farmer-to-farmer information sharing system, community leaders, community, modern ICT etc. (Ajani & Agwu., 2012; Kiptot & Franzel., 2015; Mingxiang et al., 2016). This various communication channels are with the aim of resolving these issues of heterophily, as and when such situation arises.
Time 
The third component of the diffusion of innovation theory is time. According to Rogers (2003), the time aspect is ignored in most behavioral research. The time it takes to disseminate information about an innovation may have an impact on whether or not smallholder farmers will embrace it. The time component in the diffusion process is also very necessary in that, it helps in classifying adopters of innovation based on the time of adoption and the issues influencing the early or late adoption overtime.
Social systems 
The last component of the diffusion of innovation theory is social systems. According to Rogers (2003), social systems refer to a set of interrelated units involved in collective efforts in addressing problems with a common aim. The local setting of the smallholder farmers in which the innovation is communicated may significantly influence the adoption of the innovation. Because diffusion of innovation occurs within a social system, its success or failure can be determined by the structures within that social system. Members of a social system are bound by cultural norms and values, which mostly determine how they see something new. Potential users, according to Agarwal (2000), make decisions about whether to adopt or reject an innovation in relation to the beliefs they have regarding the innovation or technology. Therefore, the success of innovation diffusion is subjected to a wide range of factors including, the nature of the society, social norms, beliefs, attitude, and knowledge of the target users (Palis et al., 2010). 
Classification of adopters 
As argued by Rogers (2003), innovations are adopted at different time periods, some may adopt the innovation much earlier than others. It is worth noting that, the timing of adoption can be determined by several factors, one of which is communication. It is mostly argued that, the early adopters of innovation are those with access to the media and information and as a result, they already have fair knowledge on innovations. Rogers (2003) describe these early adopters as “cosmopolite” whereas those who rely on local interpersonal contact channels are referred to as "localites”. The essential reason for this difference (adopting in different time periods) is that, members of a society do not have the same characteristics, same opportunities and conditions or think the same thing. This difference affects extension of innovations within the society. Therefore, people are divided into different categories based on their attitudes towards innovation adoption. Based on the differences in society, Rogers classified individuals into innovators, early adopters, early majority, late majority, and laggards. The people in each of these categories has the same innovativeness. Innovativeness simply means the extent to which a person is likely to adopt a new idea.
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[bookmark: _Toc110499215][bookmark: _Toc110501409][bookmark: _Toc110509815][bookmark: _Toc116357350]Figure 2.1:  Shows the innovativeness of the adopters with respect to their time of adoption
         Source: Diffusion of Innovations, fifth edition by Everett M. Rogers (2003).
The five categories of adopters of innovation classified by Rogers are depicted in the figure 2.1 above. First, only small number of people will adopt the innovation and they are estimated to be around 2.5% of the population in the social system. Rogers (2003) described this people as ‘Innovators’ and that, they are those who are always eager and curious to try new things. In addition, Rogers noted that, these ‘Innovators’ are like the ‘gatekeepers’ who will always bring new ideas from outside the social system. As soon as the positive results of this innovation become visible and evident, the ‘Early Adopter’ will immediately jump on board. They will constitute 13.5% of the population in the social system. Rogers (2003) argued that, the ‘Early Adopters’ are people will leadership position within the social system and other people contact them for advises on innovations. Therefore, because of their position, they make decisions regarding adoption of innovation wisely and cautiously. Next, the “early majority” constituting (34%) of the population of the social system, will also implement the innovation. Rogers (2003) notes that, this “early majority” are people who are very careful when it comes to new things, and because of this, they do not always want to be the first to adopt nor the last. Their decisions are derived from the experiences of the ‘Innovators’ and the ‘Early Adopters’. 
The next to follow is the “late majority” also constituting (34%) of the population of the social system. Just like the “early majority”, the “late majority” are also very skeptical and doubtful and will always wait on the results from their colleagues before they decide on the innovation. For the “late majority” Rogers (2003) believed that, sometimes pressures from their peers might force them to adopt the innovation. After some time “the laggards” will constitute the remaining 16% that will adopt the innovation. According to Rogers (2003), the laggards are conservative and strongly tied to certain cultural beliefs and they are more cautious and doubtful about not only innovation but also the agents of change themselves. Because of this character and attitudes, they will wait for a very long time to make sure that the innovation is really good before they will now adopt it.
According to Mudzonga (2011), a good number of smallholder farmers will fall into the category of the ‘late majority’ and ‘the laggards’. The people in these two groups will therefore require regular and intense contacts with agricultural extension providers in order to help change their attitudes and beliefs towards modern agricultural technologies and innovation. Most of these people according to Rogers (2003) are also not educated and have less access to capital and financial resources. Rogers’ model severely highlights the importance of increasing agricultural extension agents and farmers interactions, the need to use media that can make information accessible to people and the potential of using community stakeholders in promoting adoption of innovation and technologies (Makokha et al., 1999). Agricultural extension services can play key roles in innovation diffusion especially in wake of climate-related threats in the agricultural sector. Agricultural extension service providers can take a cue from Rogers’s model and ensure that, they develop effective channels of communications (internet, Radios, Televisions) in sharing information on climate adaptation strategies in an understandable way to the farmers to facilitate climate change adaptation. However, Researchers such as Lyytinen and Damsgaard (2001) have levelled some criticism against the theory of diffusion of innovation. First, they argued that, it is not clear whether the list of variables influencing behavioral changes and the adoption rate of technologies are complete. They further questioned why technical elegance or styles do not appear in the list when studies in the history of innovation and technological diffusion concentrated on the contrary (Hughes., 1987). Lyytinen and Damsgaard (2001) further argued that, not all technological innovations should be characterized by the same set of attributes as Rogers seeks to posit.
[bookmark: _Toc116358991]CHAPTER THREE
[bookmark: _Toc116358992]RESEARCH METHODOLOGY
[bookmark: _Toc116358993]3.0 Introduction 
The chapter entails a brief description of the district in which the research was undertaken, the research design, the population and sample size and the sampling procedure that was employed in selecting the target participants for the research. The chapter also elaborates on the methods of data collection and analysis and the study’s conceptual framework.
[bookmark: _Toc116358994]3.1 Conceptual framework for climate service
From the literature reviewed above, this study used the effective adaptation framework (Figure 3.1) constructed by the author in an attempt to explain the collaborative roles and responsibilities of various actors in climate information production, delivery, and utilization to achieve the overall goal of climate change adaptation in the agricultural sector. Effective climate change adaptation requires collective responsibilities and actions. Therefore, the framework aims to present a systematic approach for understanding and analyzing the various roles and responsibilities of the actors and institutions interested in achieving effective adaptation to climate change in all sectors, especially in the agricultural sector. Additionally, the aim is to illustrate on the different collaborative approaches that various actors need to utilize to systemically address the climate-related challenges within the agricultural sector.
In Figure 3.1, climate information producers refer to the agencies in charge of climate and weather forecasts such as Ghana meteorological Agency (GMET), Ghana Hydrological Department (GHD) and other Global Climate Centers. The producers of climate information will be tasked with producing and communicating information on seasonal weather forecasts (including seasonal rainfall, occurrences of dry spell and drought, forecasts on temperature, floods etc.) to the appropriate institutions in charge of dissemination to the users of such information (see Figure 3.1). In this regard, GMET and the GHD have important task to play. Recently, given these unprecedented occurrences of extreme climate conditions, many farmers have been compelled to rely on seasonal forecasts for farm planning and decision-making (Carr et al., 2020; Tall et al., 2018). However, in order for effective farm planning and decision making relating to adaptation to take place, this information needs to be reliable, timely, consistent, accurate and user specific. More importantly, this information should show how weather and climate forecasts would affect the people. This communication of forecasts should meet the needs of people of different genders, ethnicities and abilities. These forecasts should be derived from climate research, modelling and analysis of data. This information should then be communicated to the institutions (see Figure 3.1). 
The institutions in this context refers to all the actors that are in charge and involved in supporting the public particularly through agricultural extension provision with the intention of influencing adaptation to climate change in the agricultural sector. Such actors include both private and public bodies/institutions that run the system (for example public and private agricultural extension service providers such as (MoFA, GIZ, CRS, ACTIONAID, etc.). The role of these institutions in making tailored and fit for purpose climate information to farmers for decisions on adaptation measures is very important (Vaughan et al., 2016; Naab et al., 2019; Tall et al., 2012). The need for robust institutions with the ability to provide important climate information and develop farmers’ adaptive skills is motivated by the unprecedented occurrences of climate extremes. These actors will tailor the climate information in line with user needs to make sure that, the information is fit-for-purpose and can be integrated into decision-processes of the users.
More importantly, these institutions must make sure they consider the differences in peoples’ physical and mental capacities to access, comprehend and respond to information in order to make the information accessible and relevant to the users. To achieve these goals, the institution will be required to put in place an effective access and delivery mechanisms. These actors should consider different groups’ access and use various communication channels such as TV, radios, mobile phones, internet etc. to disseminate the information to the users. Through these mediums, rainfall patterns, temperature data and forecasting services, expected sowing dates etc. on daily and weekly basis could be communicated to the users in languages and formats that are easily understood. Studies have already demonstrated that, access to information through agricultural extension providers helps people in vulnerable areas deal with climate threats and preserve livelihoods (Temesgen et al., 2008; and Tall et al., 2012).
The users of the information are the intended beneficiaries of the climate information. The institutions with a purpose to achieve an intended goal (i.e. adaptation of the agricultural sector to climate change impacts) will transfer all the necessary information, skills and technology to the end users. The users include the general public, pastoralist, farmers, researchers, planners etc. but in the context of this study, the target users are the smallholder farmers. These institutions have a positive and significant leverage in influencing the users in changing their behaviors and attitudes in response to climate change. Access to information from these institutions especially from public actors like MoFA is an important factor for good adaptation. Researchers such as Carr et al (2020) and Hansen (2002) have already highlighted the importance of information on climate and weather particularly for the users of such information. Farmers can use this information to make strategic decisions regarding planting dates, drought and heat preparedness, pest and disease invasions etc. thus facilitating their adaptation to climate change. This information can influence long-term behavioral changes among the smallholder farmers aimed at protecting lives and livelihoods against the threats of climate change and variability. 
Usually, transferring information, skills and technology to users (smallholder farmers) is with the intention of changing the behavior of the smallholder farmers. These behavioral changes entail improvement in skills levels, general knowledge and adoption of best agricultural practices among households due to access to climate services and may lead to actions such as adoption of improved crop varieties, shifting of planting dates, and improved on-farm decision-making (Tall et al., 2018). This climate information is particularly of benefit to the farmers when it is accessible and utilized in modifying their behaviors when making key decision regarding their agricultural activities in a way that promotes food security (Roudier et al., 2014) and other important positive impacts. Access to information through agricultural extension services as shown by many studies, increases the likelihood of smallholder farmers to change their behaviors in the uptake of adaptation measures since the farmers are introduced to new climate smart practices (Temesgen et al., 2008; Nhemachena & Hassan., 2007). These new practices and behaviors of farmers will produced results such as increased yields, increased incomes, and resilience of farming systems to climate threats (impacts).
Impacts involved the outcomes after converting the new behaviors, skills, knowledge and improved farming practices into climate change adaptation (Tall et al., 2018). These outcomes may include climate resilient farming systems, increased incomes, increased yields and food security levels. A climate service must consider user needs during production and dissemination to effectively produce positive livelihood results among the farmers (Carr & Onzere., 2018). These impacts will be achieved because farmers can change and make informed farm planning and decisions due to the accessibility to and use of the climate services disseminated to them.
To appropriately meet user needs, the various institutions must implement a feedback mechanism to capture end-user needs and feedback. This feedback must be considered by both the producers of the climate information and institutions that disseminate the climate information. This will help assess and re-assess their work by evaluating and modifying their services and activities in a way that will help them come out with robust communication channels in improving quality of extension service delivery.
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Source: Authors construct 
[bookmark: _Toc116358995]3.2 Profile of the study area
The Sawla/Tuna/Kalba District is one of the REACH-STR project districts. The district was randomly selected out of the REACH-STR project districts using Microsoft excel. The names of all the project districts were attached with unique numbers and entered into excel, the district that corresponded to the number that was randomly selected was then chosen for the study. 
[bookmark: _Toc116358996]3.2.1 Size and Demographics
This research was conducted in six farming communities in Sawla/Tuna/Kalba District of the Savannah Region; Jelinkon, Nakwabi, Kpongri, Jentilple, Nakpal and Jinadabuo. The District was carved out of the then Bole District in 2004. Sawla/Tuna/Kalba District was among the twenty-eight (28) districts that were created in that particular year. The district is situated between latitudes 8o 40‟ and 9o 40‟ North and longitude 1 o 50‟ and 2 o 45‟ West in the western part of the Savannah region with Sawla as the District Capital.  The district shares boundaries with Wa East and Wa West districts to the north, Bole district to the South, West Gonja district to the East and Burkina Faso and Coted‟Ivoire to the West. The district has an estimated land area of about 4,601 square kilometers out of the total area of 34,970 kilometers of the Savannah region, representing 13.15% of the total land mass of the savannah region (GSS., 2021). According to the 2021 population and housing census report, the district has an estimated population of 112,664 with 53,004 being males and the remaining 59,660 constituting females (GSS., 2021). 
According to 2021 population and housing census report, eighty percent (80%) of the population resides in the rural areas whereas twenty percent (20%) lives in the urban areas (GSS., 2021). The report further reveals that, the district recorded 111,508 populations in households and 22,678 total households with an average household size of 4.9% and population density of 27 people per square kilometers (GSS., 2021). The districts’ ethnic composition is heterogeneous in nature and comprises of major tribes such as Gonjas, Brifors, Vaglas, Safalbas and Waala/Dagaatis. The Brifor community constitutes a significant proportion of the entire population representing 70% followed by 15% of Vagla. The rest are 10%, 3% and 2% representing Wala/Dagaba, Gonja and Salfalba respectively (Salwa/Tuna/Kalba District., 2014-2017). In the field of religion, the district is composed of the following including traditionalist, Christians and Muslims. The traditionalists undoubtedly form the majority (Salwa/Tuna/Kalba District., 2014-2017).
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[bookmark: _Toc110501411][bookmark: _Toc110509817][bookmark: _Toc116357352]Figure 3.2: Map of Sawla/Tuna/Kalba District
    Source: Sawla/Tuna/Kalba District, (2014-2017)

[bookmark: _Toc116358997]3.2.2 Vegetation and soil
The districts’ vegetation is similar to that of any other part of the northern Ghana. It is primarily made up of the Guinea savannah woodlands with diverse spread of trees. Dawadawa, teak, mango, kapok and shenuts are some of the most common trees in the district (Salwa/Tuna/Kalba District., 2014-2017). The natural vegetation of district is progressively vanishing particularly around the settlements, which is largely due to both climate change and the interferences by human and animals through activities like cultivation, grazing and exploitation for firewood and charcoal (Salwa/Tuna/Kalba District., 2014-2017). During the dry season, the grasses are burned down in most parts of the district to either clear the land for cultivation or animal hunting. These actions have resulted in insufficient vegetative cover and nutrients on the soil as a result affecting food production.  The districts’ soils are also diverse in nature and composition and occurs in complex associations. Light textured surface horizons in which sandy loams are common are the common soil types found in the district. Most of the soils also contain sufficient coarse materials made up of either gravel or stone, which has a negative impact on their physical properties especially their water retention. However, the soil is generally fertile especially for farming activities.   
[bookmark: _Toc116358998]3.2.3. Climate and Temperature. 
Generally, the climate conditions in district resembles the normal climate in Ghana’s northern regions. Similarly, the pattern of rainfall is very similar to that of the rest of the regions in the north. The rainy season, which last roughly five months each year starts from June to October, with heaviest rain falling in August and September. It is estimated that, the district receives between 1000 and 1500 millimeters of rain every year.  The temperatures from March to April are mostly high (36°C to about 38°C) and comparatively low (about 28°C to about 30°C) from November to February which normally causes the Harmattan (Salwa/Tuna/Kalba District., 2014-2017). From December to February is the period where the cold nights in the year are mostly witnessed. The air mostly becomes very dry, atmospheres becomes hazy and one cannot see clearly because of the fine dust in the air during this period. Throughout the same period, the daytime temperatures ranges between 28°C and 40°C, however, under cloudy skies, the nighttime can be very cold with temperatures dropping to under 28°C (Salwa/Tuna/Kalba District., 2014-2017). Between the periods from March - May, where temperatures may exceed 30°C, the temperatures within the district rise abruptly (Salwa/Tuna/Kalba District., 2014-2017). 
[bookmark: _Toc116358999]3.2.4 Major economic activities
Some of the important economic activities among the people in the district include farming (crops and animals), petty trading and minority been employed in government departments. The economy of the district is mainly agrarian, characterized by crop farming and livestock production. For roughly 90% of the population in the district, the agricultural sector is their primary source of income (Salwa/Tuna/Kalba District., 2014-2017). Notwithstanding, attempts to advance the agricultural sector, productivity still remains at a subsistence level because of the districts’ poor number of large plantations. Currently, agricultural activities occupy about more than half of the districts total cultivable lands.  The common crops grown in the area include maize, yam, rice, groundnuts, sorghum, cowpea and bambara beans. Cashew and mangoes are also grown as economic trees contributing significantly to household income. It is believed that, the districts’ only potential option for economic development and poverty alleviation is in the field of agriculture.  
 The Sawla/Tuna/Kalba is very rich in fertile land with high prospects for cultivating root and tuber crops, legumes, industrial crop, cereal crops and livestock rearing. The district is known for its yam and grain exportation to other regions in Ghana especially Greater Accra.  The districts’ prospect for irrigation development are also very great, nonetheless, there no irrigational development in the district, and very few farmers who purchased soka pumps use them mainly for dry season gardening (Sawla/Tuna/kalba District., 2014-2017).
In general, most of the farmers in the district are poor and rely mainly on farming to make ends meet.  The traditional shifting cultivation method is the common farming system practiced by the farmers in the district.  These small-scale farmers are characterized by low access to resources and technologies that can help them adapt to climate change while improving productivity. Trends observed in climate data by the district assembly (2014-2017) in the form of rising temperatures and declining total rainfall are very similar to the perceptions of the smallholder farmers regarding climate change within the district. Such trends have been shown to have impacts in the district through crop failures and livestock deaths (Sawla/Tuna/Kalba District., 2014-2017). In order to improve the resilience and adaptive capacities of the smallholder farmers, a good number of them have been introduced to agricultural extension services with the aim of achieving increased yields in the face of climate threats.  However, very little is known about how the agricultural extension organizations influence smallholder farmers’ adaptation to climate change in the district. 
 Some of the agricultural extension organization operating the district include the Ministry of Food and Agriculture (MOFA), GIZ, Nasco Feeding Minds etc. The goal of most the extension organizations is to render extension services to the smallholder farmers in order to improve their adaptation and resilience to climate change while increasing productivity in a way that improve their living standards. 
[bookmark: _Toc116359000]3.3 Research design 
The quantitative dominant concurrent triangulation mixed method design was used in this study. This research design according to Kroll and Neri (2009) entails a single research that collects both quantitative and qualitative data concurrently. This design is mostly employed when there is the need for a researcher to compare or contrast quantitative data from the results of the qualitative data or when there is the need for validation or expansion of the quantitative findings with qualitative results (Creswell et al., 2003). This design mostly entails the concurrent but separate, collection and analysis of qualitative and quantitative data to enable the researcher comprehend the research problem (Creswell et al., 2003). This design further uses separate quantitative and qualitative methods as a way of offsetting the limitations associated with the use of one method (Creswell., 2009). In other words, the strength of one method complements the strength of the other method.
Normally, equal weight should be given to the two methods but often in practice, priority may be given to one over the other (Creswell., 2009) as in the case of this study. This study gave much priority to the quantitative data.  The mixing during this study is found in the discussion section where the results of the two data sets are integrated side-by-side in a discussion. In this side-by-side integration, the first section of the discussion presented the quantitative results followed by qualitative statements that corroborate or disagree with the quantitative results. One of the advantages of this design is that, due to the concurrent collection of data, the time used in the data collection is usually shorter in comparison to  the sequential approaches because both the qualitative and quantitative data are gathered at one time at the research site (Creswell., 2009).
The pragmatist school of thought which uses purposeful human inquiry as a focal point underpins this research philosophy. The pragmatist employs abductive reasoning in linking theories to data which has been commended to be very necessary especially in the integration stage of the mixed methods. The pragmatist philosophy recommends a balance between subjectivity and objectivity throughout the inquiry.
[bookmark: _Toc116359001]3.4 Target population 
The target participants or populations for this study were classified into two groups. The first participants or populations included all the Agricultural Extension Agents (AEAs) especially the front-line officers. The second participants or population also included all the smallholder farmers in Sawla/Tuna/Kalba District. The Ministry of Food and Agriculture (MoFA, 2011) which is the authoritative institution in charge of agriculture, describes smallholder farmers as having less than two hectares in size of land, and that, they constitute over 90% of agricultural land holding in Ghana.
[bookmark: _Toc116359002]3.5 Sampling method and techniques 
The study participants were identified using a multi-stage sampling technique. First, the district was randomly selected from the REACH-STR project districts using Microsoft excel. The names of all the project districts were attached with unique numbers and entered into excel, the district that corresponded to the number randomly selected by excel was then chosen for the study. In the second stage of the sampling process, three (3) extension operational zones out of the five (5) operational zones in the district were also randomly selected using Microsoft excel through the same previous approach used in selecting the district. The three selected extension operational zones included Sawla central, Jindabuo and Sawla East. 
In the third stage of the sampling process, two (2) communities were randomly selected from the three (3) selected extension operational zones bringing the total number of the study communities to six (6).  A list of the various communities in each of the three sampled operational zones in the district was compiled and each name was written on a piece of paper, folded, and put into three bags with each bag representing an operational zone. A blindfolded person was made to pick two (2) communities, one at a time, from each bag. This was done to ensure that, all the communities had the same opportunity of being chosen for the study. The six communities that were randomly selected included, Jelinkon, Nakwabi, Kpongri, Jentilple, Nakpal and Jinadabou.
The fourth and final stage of the sampling process entailed recruiting farmers up to the sample size for each study community using the convenience sampling technique. Twenty-five (25) respondents were interviewed from each study community using the principle of proportionality. In all, a total of one hundred and fifty (150) farmers and twelve (12) agricultural extension agents were recruited and engaged for the study. With the convenience sampling approach, the researcher collected data from individuals who availed themselves and were willing to take part in the study. The data was collected through a series of visits to houses and farms in the study communities and farmers who availed themselves and were willing to take part in the study were interviewed until the target sample size for each sampled community was attained. During the survey, farmers who demonstrated good knowledge on some of the issues of interest to the researcher were purposively selected to participate in the Focus Group Discussions and Key Informant Interviews. Purposive sampling is a non-probability sampling technique that consciously choses individuals and respondents that will be able to provide the right information needed (Wimmer & Dominck., 2011). This implies that, the participants are carefully chosen based on certain qualities to achieve the objectives and requirements of the study. A total of six FGDs and fourteen KIIs were conducted during the study.
[bookmark: _Toc116357325]Table 3.1: The Multi-stage sampling process
	List of operational zones
	Sampled operational zones 
	Sampled communities
	Number of farmers sampled

	Sawla West
	Sawla Central 
	Nakwabi
Nakpal
	25
25

	Sawla Central
	Jindabuo 
	Jindabou
kpongri
	25
25

	Jindabou
	Sawla East
	Jentiple 
Jelinkon
	25
25

	Kalba
	
	
	

	Sawla East
	
	
	

	Total
	
	6
	150


Source: Authors construct, March 2022
[bookmark: _Toc116359003]3.6 Sources of data
The study collected both quantitative and qualitative data for the analysis, which was gathered mainly through primary and secondary sources. The primary data was collected with the use of semi-structured interview guides and structured questionnaires. The main primary sources included the smallholder farmers and agricultural extension agents in the study area. Most of the secondary data were also gathered from sources including reports from agricultural extension organizations, journal publications, relevant books and internet sources. The secondary data or information on climate change and variability, including mean temperatures and rainfall patterns and trends in the district over the years was obtained from the District Agricultural Extension Department, which they also obtained from the Ghana Meteorological Agency (GMET).  
[bookmark: _Toc116359004]3.7 Data collection methods and instruments
[bookmark: _Toc116359005]3.7.1 Questionnaire administration
The study objectives demand that the researcher engages with the smallholder farmers on a one-on-one basis, hence the face-to-face or direct interview method were used to administer the questionnaires to the respondents. The structured questionnaires comprised both open and close-ended questions for the quantitative data. The structured questionnaires provided the respondents a variety of options from which to choose the most relevant answers. The benefit of this technique (questionnaire administration) is that, it allows researchers to clarify the study’s goals and purposes to the respondents, which increases their interest and cooperation.  A structured questionnaire according to Maine (2000) ensures uniform responses and facilitates data collection and analysis in an easy manner. 
[bookmark: _Toc116359006]3.7.2 Key Informant Interview (KII)
Study participants who demonstrated rich knowledge and experience on issues of climate change and other relevant issues relating to the study were identified and selected as key informants for the KIIs. Key informant interviews according to Bowling (1978), are qualitative in-depth interviews with knowledgeable people who are aware of what is going on in the community. The aim of KIIs is to gather rich information from diverse groups of people such as professionals, community and opinion leaders and farmers who possess rich and firsthand knowledge of the community and the issues under investigations. An interview guide was designed for the KIIs, which helped facilitate the conversations between the researcher and the participants. The interview guides were semi- structured and allowed the researcher to interact with the participants in a flexible manner. This gave the researcher an opportunity to further ask questions and probe for additional information as KIIs allows free and effective flow of discussion.  
[bookmark: _Toc116359007]3.7.3 Focus Group Discussion (FGD) 
Focus Group Discussions are mostly used as qualitative techniques to obtain rich and in-depth information about group opinions and views on the subject under discussion. To allow for group control and effective participation, between six (6) and twelve (12) members (both males and females) were allowed to take part in each focus group discussion. The Focus Group Discussions were conducted to further uncover the reasons behind some of the responses provided in the questionnaire. In each study community, one Focus Group Discussion was conducted to validate the survey data.
[bookmark: _Toc116359008]3.7.4 Direct observation
Direct observation is mostly employed by anthropologist and sociologist when carrying out community and attitudinal surveys (Habib., 2014). This method mostly entails a researcher recording or taking note of what he/she sees during the data collection process. Direct observation provides the researcher additional opportunity to observe the gestures of the respondents and the situation at hand as against the information the respondents provide.
[bookmark: _Toc116359009]3.8 Data collection procedure 
A pretest of the data collection instruments was conducted in Sogoyiri in the Sawla West operational zone. This was carried out to make sure that, the data collection tools could collect the needed information.  It was also done to identify and address potential challenges that the researcher and enumerators were likely to experience. The issues and challenges that surfaced during the pretest were addressed before the data collection process began. The data was gathered primarily through the use of interview guides, questionnaires, and focus Group discussion guides. Six field enumerators were recruited and trained by the researcher to help in the data collection. The field enumerators were people who were native to the study area and could communicate fluently in the local languages of the farmers. The questionnaires for the farmers were administered by the trained field enumerators whereas the questionnaires for the agricultural extension institutions were administered by the researcher.

 A total of one hundred and fifty questionnaires were printed and distributed proportionally to all the six enumerators for the six communities. The respondents for the study were contacted and interviewed base on their convenience and choice of locations, such as their farms, homes and public places. Each interview lasted for about 45 minutes to about 1 hour depending on the individual farmers’ responses. The data collection process and interviews were largely monitored by the researcher. Because of the high illiteracy rate among the farmers, the data collection method was largely on a face-to-face basis. 

For the institutions in extension provision, an initial permission was sought from the various heads through the submission of an introductory letter issued by the university. Once the permission was granted, the appropriate officers assisted the researcher with the names and contacts of extension agents for the interviews. In all 12 agricultural extension agents from both the public agricultural extension department and NGOs in agricultural extension delivery were recruited and approached for interview. All the agricultural extension agents interviewed had attain some level of education with the highest been a degree and the lowest been a diploma certificate. The agricultural extension agents were between the ages of 26 and 41 years. 

To help validate the findings obtained from the survey and the field observations, Six FGDs and fourteen KIIs for both the farmers and extension agents were conducted by the researcher himself with assistance from a translator. At each interview, we introduced ourselves with the help of the Assemblyman or sometimes the agricultural extension agent for the area who had earlier on informed the farmers about our visit. After the necessary introductions on the purposes of the interviews, the consent of respondents throughout the interviews was sought before recording the conversation for transcription in the final analysis. These recordings were later transcribed by the researcher with the assistance of a translator and included in the final analysis. Participants were also informed of their right to leave the interview at any time, their voluntary participation, confidentiality, and the use of their information solely for academic purposes. Arrangements were made with participants on the mode of interview, date, time, and location for interviews to ensure a smooth process. To maintain confidentiality, pseudonyms are employed, such as AEA1 for the first AEA interviewed. Both farmers and extension personnel were generally cooperative and gave the necessary information during the interviews.
[bookmark: _Toc116359010]3.9 Data analysis and presentation
Data analysis, according to Brymann (2001) involves managing, analyzing and interpreting the data collected to write a research report. The analysis stage is very important as it summarizes the raw and huge data sets collected into meaningful information for a proper understanding of the issues under study. The data analysis comprised both quantitative and qualitative data. Analysis of the quantitative survey data was done in SPSS version 25. This included coding questions as variables into the software and inputting responses. Data cleaning was done, this included checking for missing data, outliers and response errors as well as correcting them using an appropriate tool such as recording, merging and dropping missing data if appropriate. Bivariate and multivariate descriptive statistics were also done.  The qualitative data was collected by recording all in-depth interviews, the recorded interviews were then transcribed. The transcriptions were categorized into themes and analyzed thematically using direct quotations and paraphrasing appropriately. The data is displayed in figures and tables with wordings explaining them since it employed a mixed-method approach.
[bookmark: _Toc116359011]3.10 Ethical consideration 
Ethical issues are crucial in research because they guide the researcher on what is permissible and what is not and thus are mandatory for the researcher to observe. This study was conducted in accordance with the Guidelines of the General Research Ethics Board of the University. The researcher sought the consent of the participants before collecting the data. Those who could read appended their signatures on the form showing proof of consent whiles those who could not read verbally accepted to participate in the research. 
The researcher also ensured that, the identities of the participants are not exposed and cannot be traced by any third party. This gave the research participants the confidence in giving information. This was achieved by ensuring confidentiality, privacy and anonymity of research participants through the use of pseudonyms and organizing the interviews and discussions with participants at their preferred places where people will not interrupt. Participants were duly informed and their permission sought before their voices were captured by audio during the interviews. The researcher tried to avoid any form of plagiarism and duly acknowledged both in text and in references all information taken elsewhere.









[bookmark: _Toc116359012]CHAPTER FOUR
[bookmark: _Toc116359013]RESULTS AND DISCUSSION
[bookmark: _Toc116359014]4.0 Introduction 
The analysis of the data and the discussions of results from the field are presented in this chapter. The data analysis entails the following: the socio-demographic background of the smallholder farmers in the district, smallholder farmers’ perception of climate change and its effects, smallholder farmers’ adaptation measures to climate change, the roles agricultural extension agents have played in enhancing smallholder farmers’ resilience to climate change as well as other significant issues related to the study's objectives. The findings of the quantitative data are displayed in tables and graphs, while those of the qualitative data are presented in statements with some direct quotations supporting the quantitative results.
[bookmark: _Toc116359015]4.1 Socio-demographic background of smallholder farmers
Out of the 150 smallholder farmers interviewed, the majority (121) representing 80.7% were males while 29 representing 19.3% were females (see Table 4.1). These results show that, the males in the district dominate in smallholder farming. The dominance of males in smallholder farming could be explained by the prevalence of the patrilineal system of inheritance existing in the district where women can only obtain farmlands for agricultural purposes through the permission of their husbands or male family heads. This corroborates the claims of Wilber (2003) that, women are limited in obtaining farmlands for agricultural activities due to the existence of the patrilineal system of inheritance.  This is further justified by MoFA (2011), where it observed that, in Ghana, men are mostly engaged in farming whereas the women are into domestic and processing activities.  
In regards to age distribution of the smallholder farmers, the study found that, most of the smallholder farmers were within their productive ages. As shown in Table 4.1 below, smallholder farmers in the age range of 20-40 years constituted the majority (50%) of the sampled population (see Table 4.1). This age group is mostly considered as the economic active group as described by Ghana Statistical Service (2011). The frequency distribution of the age groups of smallholder farmers are shown in the table below. From the results presented in Table 4.1, it can be observed that, smallholder farmers within the age groups of 61-70 and 70+ years were the least represented in the sample population. This is because farmers in these age groups are typically weak and elderly and hence unable to engage in active farming. As a result, they choose to stay at home while their children engage in farming activities to meet household food demands.
With respect to marital status of the smallholder farmers, the results revealed that, a significant number (109) representing 72.7% of the smallholder farmers were married, smallholder farmers who were single represented 14%, divorced/separated represented 8% and those who were widowed represented 5.3% (see Table 4.1). In the northern part of Ghana, marriage, like everywhere else is a highly valued social institution (Habib., 2014). It is generally considered as a show of societal responsibility, status, and achievement. Hence, adults in good mental and physical health are required to get married. This assertion is supported by the study's results. 
With respect to ethnic background of the smallholder farmers, the results revealed that, 45.3% of the smallholder farmers were found to be Brifors. The second largest ethnic group were the Gonjas constituting 21.3%, Vagla the third largest ethnic group constituted 16%, Waala/Dagaati constituted 10.7% (see Table 4.1). This finding agrees with the Sawla/Tuna/Kalba District Medium Term Development Plan, which posits that, the Brifors undoubtedly form majority of the ethnic groups in the district (Sawla/Tuna/Kalba District., 2014-2017).
With regards to religious affiliation of the smallholder farmers, the results showed that, Christianity was the dominant religion in the study area constituting 44.7%.  Islam, the second dominant religion constituted 34% with traditional religion following closely with 21.3%. (See Table 4.1).
With respect to the educational attainment of the smallholder farmers, out of the 150 smallholder farmers interviewed, 37 representing 24.7% of the smallholder farmers completed primary, 24 representing 16% completed JHS, 15 representing 10% completed SHS, 8 representing 5.3% completed tertiary and 66 representing 44% did not attend school (see Table 4.1). From the results in the table below, it can be clearly deduced that, the educational levels of the smallholder farmers is very low, as 44% and 40.7% of the smallholder farmers had no education or education at the basic level respectively. This situation could impede the adoption of technology and innovation introduced by agricultural extension agents. Farmers with low level of education, according to Ravi et al (2013), have restricted access to climate-related information available from a variety of sources, and their poor understanding of it renders them more vulnerable to climate extreme events.
[bookmark: _Toc116357326]Table 4.1: Summary of socio-demographic background of smallholder farmers
	Socio-demographic characteristics 
	Frequency
	Percentage (%)

	Sex composition of smallholder farmers 
	
	

	Male 
	121
	80.7

	Female 
	29
	19.3

	Age distribution of smallholder farmers.
	
	

	20-30
	23
	15.3

	31-40
	52
	34.7

	41-50
	44
	29.3

	51-60
	19
	12.7

	61-70
	9
	6

	70+
	3
	2

	Marital status of smallholder farmers
	
	

	Single 
	21
	14

	Married
	109
	72.7

	Divorced/separated 
	12
	8

	Widowed 
	8
	5.3









Table 4.1 continued 
	Ethnic composition of smallholder farmers
	
	

	Gonja 
	32
	21.3

	Brifor 
	68
	45.3

	Vagla 
	24
	16

	Waala/Dagaati
	16
	10.7

	Dagomba 
	7
	4.7

	Akan
	3
	2

	Religious affiliation of smallholder farmers
	
	

	Christianity 
	67
	44.7

	Islam 
	51
	34

	Traditional 
	32
	21.3

	Educational attainment of smallholder farmers.
	
	

	None 
	66
	44

	Primary 
	37
	24.7

	Middles/JSS
	24
	16

	Senior High/SSS
	15
	10

	Tertiary
	8
	5.3


Source: Field survey, 2022

[bookmark: _Toc116359016]4.1.1 Major crops grown by smallholder farmers
During the survey, smallholder farmers were discovered to be cultivating a variety of crops. The study, however, limited its attention to the common crops cultivated. The most widely grown crops included maize, groundnuts, beans, millets, soya beans, and sorghum. The majority of the smallholder farmers (95.3%) reported cultivating maize, which was followed by groundnut (89.3%), soybeans (75.3%), millet (79.3%), sorghum (68.6%), and cowpea (56%) (see Table 4.2). Maize was the common crop cultivated by almost all the smallholder farmers in the district.
[bookmark: _Toc116357327]Table 4.2: Major crops grown by smallholder farmers
	Major crop grown
	N
	Frequency
	Percentage (%)

	Maize
	150
	143
	95.3

	Groundnut
	150
	134
	89.3

	Millet
	150
	119
	79.3

	Beans
	150
	121
	80.7

	Yam
	150
	72
	48

	Soya beans
	150
	113
	75.3

	Sorghum
	150
	103
	68.6

	Cowpea
	150
	84
	56

	Rice
	150
	61
	40.7

	Cassava
	150
	35
	23.3


Source: Field survey, 2022

[bookmark: _Toc116359017]4.1.2 Farm sizes of smallholder farmers
Land is regarded as a crucial component of agricultural productivity. For the purposes of this study, the farm sizes of smallholder farmers were categorized into hectares. Both Ekboir (2002) and MoFA (2011) have employed this categorization in the description of smallholder farmers in Ghana. The surveys’ results showed that a sizable majority of the smallholder farmers (40%) farmed on farmlands with a size of 1.5 to < 2 hectares, and the second largest number of smallholder farmers (34%) cultivated on farm sizes between 1 to 1.5 hectares. The findings also show that, 15.3% of the smallholder farmers had farmlands between 0.5 and 1 hectares in size, while 10.7 % had farms less than 0.5 hectares in size.


[bookmark: _Toc116357328]Table 4.3: Distribution of farm sizes cultivated by smallholder farmers
	Farm size (hectares)
	Frequency
	Percentage (%)

	Less than 0.5 ha
	16
	10.7

	0.5 to 1 ha
	23
	15.3

	1 to 1.5 ha
	51
	34

	1.5 to < 2ha
	60
	40

	Total
	150
	100


Source: Field survey, 2022

[bookmark: _Toc116359018]4.1.3 Farming system of smallholder farmers
The study also explored the type of farming system smallholder farmers were engaged in whether commercial or subsistence farming. From the results displayed in Figure 4.1, the majority of the smallholder farmers (89.3%) were engaged in subsistence farming, compared to just 10.7% who were engaged in commercial farming, making subsistence farming the dominant type of farming system in the area. This could explain why the smallholder farmers had smaller plots of lands.  The majority (63.2%) of the smallholder farmers who were into commercial farming were revealed to be cultivating on larger farm sizes compared to those engaged in subsistence farming. The study further found that, most of the commercial farmers cultivated only one crop on their farms relative to the subsistence farmers who cultivated multiple crops to meet the varied nutrient requirement of their families.

                         
	Source: Field survey, 2022
[bookmark: _Toc110509818][bookmark: _Toc116357353]Figure 4.1: Types of farming system of smallholder farmers

[bookmark: _Toc116359019]4.2 Perceptions of smallholder farmers on climate change and the importance of agricultural extension services
[bookmark: _Toc116359020]4.2.1 Perceptions of smallholder farmers on climate change.
The study explored the perceptions and knowledge levels of the smallholder farmers regarding climate change and variability within the district. During the survey, 136 representing 90.7% of the smallholder farmers indicated they had heard about climate change, while 11 representing 7.3% said they had not and 3 representing 2% were unsure. Farmers who acknowledged hearing about climate change were subsequently asked to explain what they think it was all about.  As shown in Table 4.4, the study discovered that, the smallholder farmers had almost similar understanding of what climate change is all about. The findings, as shown in Table 4.4 revealed that, smallholder farmers perception of climate change and variability was the reduction in amount of rainfall received in a season (96.3%), late or delayed start of the rainfall season when compared to previous decades (83.8%), increase in temperature (59.6%), heavy storm and winds (54.4%), erratic rainfall and drought (94.9%), unpredictable start of rainy season (74.3%). This result is corroborated by previous literature (Rademacher-Schulz & Mahama., 2012; Van der Geest., 2011) on climate change and local perceptions in Ghana; they discovered that, most farmers in the rural communities already possess some broad sense of the changing climate and environmental conditions.
[bookmark: _Toc116357329]Table 4.4: Smallholder farmers’ perceptions of climate change 
	    Perceptions of climate change
	N = 136
	Frequency
	Percentage (%)

	1) Reduction in amount of rainfall received in a season
	136
	131
	96.3

	2) Late or delayed start of the rainfall season
	136
	114
	83.8

	3) Increase in temperature
	136
	80
	58.8

	4) Heavy storm and winds
	136
	74
	54.4

	5) Erratic rainfall and drought
	136
	129
	94.9

	6) Unpredictable start of rainy season
	136
	101
	74.3


Source: Field survey, 2022
[bookmark: _Toc116359021]4.2.2 Perceptions of smallholder farmers on climate parameters 
The experience and observation of smallholder farmers regarding climate parameters for rainfall and temperatures over the past decades was also investigated by the study. In doing so, the smallholder farmers were questioned on how they think the climate conditions within the district has been changing, at least, in the last 15 to 30 years. The results in Figure 4.2 revealed that, a good number of the smallholder farmers (90.7%) believed that, the length of the rainy season has decreased, however, 6% believed it has increased, and 3.3% indicated there have been no changes. With respect to the length of dry season (Figure 4.3), 84.7% believed it has been increasing, 4% indicated it has been decreasing, and 11.3% believed there have been no changes. With respect to the frequency of dry spell, 82% believed the frequency of seasonal dry spells (Figure 4.4) has been increasing, 7.3% believed it has been decreasing while 10.7% indicated there have been no changes.
With respect to annual rainfall, a good number of the smallholder farmers (84.7%) believed it has been decreasing, 5.3% believed it has been increasing while 10% indicated there have been no changes (Figure 4.5). The results in Figure (4.6) also show that, 88% of the smallholder farmers believed temperatures were on the increase, 7.3% believed temperatures have been decreasing while 4.7% indicated there has been no changes in temperatures. Most of the smallholder farmers in the study area generally agreed that, the rainfall pattern has change and temperatures were on the rise within the district. The smallholder farmers further noted that, the frequency of dry spells and poor precipitation has been more common and severe in the district in recent years.

	
[bookmark: _Toc110499216][bookmark: _Toc110501412][bookmark: _Toc110509819][bookmark: _Toc116357354]Figure 4.2: Smallholder farmers perceptions on length of rainy season
	
[bookmark: _Toc110499217][bookmark: _Toc110501413][bookmark: _Toc110509820][bookmark: _Toc116357355]Figure 4.3: Smallholder farmers perceptions on length of dry season


	
[bookmark: _Toc110499218][bookmark: _Toc110501414][bookmark: _Toc110509821][bookmark: _Toc116357356]Figure 4.4: Smallholder farmers perceptions on frequency of seasonal dry spell
	
[bookmark: _Toc110499219][bookmark: _Toc110501415][bookmark: _Toc110509822][bookmark: _Toc116357357]Figure 4.5: Smallholder farmers perceptions on amount of annual rainfall


	
[bookmark: _Toc110499220][bookmark: _Toc110501416][bookmark: _Toc110509823][bookmark: _Toc116357358]Figure 4.6: Smallholder farmers perceptions on temperature
	

	
	


During the interviews and FGDs, the smallholder farmers expressed their frustrations about the unpredictable nature of the rainfall and the impacts it has on their farming activities in the district. One of the farmers stated: "Normally, rainfall used to start in the 'fourth month' (April) and end somewhere in the 'ninth month' (September) when we were growing up or even in the last two decades. It was typical to hear your farmer colleague say, we should start sowing or planting after the first rain in the fourth month, and we used to do so and get good harvests. However, the rainfall pattern has completely changed, and we may be approaching the sixth month (June) with no good rains”.
Another farmer also remarked: "the rainfall pattern has change and you can no longer have a good harvest in recent years due to the unpredictable nature of the rainfall. Last two years, I started sowing/planting in early April hoping for good rainfall from May to July, but the rains unexpectedly ceased in that same April until the beginning of June. Due to the lack of rain, most of my crops died; it was a particularly difficult year for me”.
In an interview with the Agricultural Extension Agents (AEAs), they also express similar frustrations regarding the rainfall patterns in the district. According to the AEA3 who is the coordinator for one of the NGOs in agricultural extension provision, rainfall has been poor for the past seven years, and many farmers have suffered as a result. During the interview, he stated that: “the rainfall pattern has been exceedingly disappointing in recent years, particularly the last three years. The majority of local farmers base their planting decisions on the month range (4th month). If you look at the last three years in particular, the rains have failed most of the farmers in this district. They will sow early, and the rain will arrive later in the season, when some crops do not even require rain, lowering yields”.
In a separate interview, AEA5 added that; “what we have witnessed is not only that the rain come late, but they also come with heavy storms and winds. Sometimes after the incidence, you will go and see some crops broken down in the farms”.
[bookmark: _Toc116359022]4.2.3 Perceptions of smallholder farmers on the causes of climate change in the study area
The study also examined the perceptions of smallholder farmers on the various causes of climate change in the study area. From the results presented in Table 4.5, a significant number of the smallholder farmers believed the main causes of climate change within the district were, among other things, bush burning and higher levels of deforestation for the production of charcoal. Other causes were a low rate of afforestation, clearing more lands for farming and settlement and punishment by gods and so on (see Table 4.5).  During the interviews and FDGs with smallholder farmers and agricultural extension agents in all the communities, the high rate of deforestation for charcoal production was often mentioned as the main cause of climate change within the district. According to the farmers, there used to be many thick trees in the communities, however, due to increased deforestation for charcoal production, all of the trees have been destroyed, and even the forest reserves are at risk from the charcoal producers' actions.




[bookmark: _Toc116357330]Table 4.5: Smallholder farmers’ perceptions on the causes of climate change in the district
	Causes
	N = 136
	Frequency
	Percentage (%)

	1) High rate of deforestation for charcoal burning.
	136
	127
	93.4

	2) Low rate of afforestation
	136
	101
	74.3

	3) clearing more land for farming and settlement
	136
	86
	63.2

	4) Bush fires
	136
	118
	86.8

	5) Punishment by God
	136
	18
	13.2

	6) Burning of fossil fuels
	136
	9
	6.6

	7) Industrialization
	136
	12
	8.1


Source: field survey, 2022

During the FDGs, A farmer revealed that: “the main cause of climate change is the just the indiscriminate felling of tress in the district. Previously, heavy trees and vegetation covered the area from this village all the way to Nakwabi and beyond. But now, just take a walk and see for yourself; all the trees have been cut down for charcoal production”.
During the interviews with the agricultural extension agents, all of them confirmed to this conviction of the smallholder farmers. They stated that, they have spent several years attempting to educate the people about the harmful repercussions of the high rate of deforestation but the people seem to be so engrossed with the act. In a statement, AEA1 who is one of the directors of the agricultural department of the district opined that; “the rate of deforestation in the district is just too much despite our numerous attempts to educate them on the importance of trees to agricultural activities”. 
AEA7 further added that, "Charcoal is a highly growing business here; every time you will see huge trucks come into the communities to load charcoal and head to the south to sell, it is extremely difficult to stop them”.
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A few of the smallholder farmers also attributed the issues of climate change to a form punishment by their gods and ancestors. Some people in Ghana's rural areas believe that, droughts, lack of rainfall, and calamities in general are punishments from their gods and ancestors for particular sins and crimes committed by those under the god's jurisdiction. A particular case was the cutting down of some trees by a company funded by the Export Development and Investment Fund of Ghana which the community believed where spiritual and sacred trees and there was consequences soon after.
During the FGDs, one of the community leaders stated that; “the low rainfall and drought that we have been talking about could be a punishment from the gods for breaking certain taboos or doing things that enrage the gods and ancestors. For instance, in Sansayiri, some company by name ‘Kurabaso Association’ went there to start a mango plantation, they did not do the right community entry, and they only meet some few people and went to clear over 70 hectares of land for their mango plantation. Unfortunately, they also took down certain spiritual trees that were not supposed to be touched or even cut down. As I speak with you, people who were involved in the cutting of those trees have already died, and the plantation is standing there with no benefit. During that time, you could see the rainfall was not very favorable, so certain rituals were performed to appease the gods”.
The smallholder farmers were also asked if they believed some measures could be put in place to address the causes identified in the district. An overwhelming number (121) of the smallholder farmers indicated yes, while 9 and 6 indicated no and not sure respectively. Some of the common measures professed by the smallholder farmers in addressing the issues of climate change included stopping bush burning, planting more trees, avoid cutting down trees etc. Even though the recommendation to limit the burning of bush and felling of trees was broadly accepted among all the smallholder farmers during the interviews, some smallholder farmers stated that, stopping the indiscriminate felling of trees, which is their source of fuel for cooking and business, will be a tough task. In a statement, one of the farmers claimed that: "We usually use firewood for cooking over here, even the charcoal most people are into, some of them don't even use it for cooking all the time, they only produce to sell for extra revenue and they are serious about this business. So, in my opinion, it will be difficult to entirely stop them”.
[bookmark: _Toc116359023]4.2.4 Perceptions of smallholder farmers on the effects of climate change in the study area 
Climate change can present indirect or direct consequences to the livelihoods and lives of smallholder farmers around the world, some of which last only a short time while others last much longer. During the study, the smallholder farmers were asked to identify some of the effects of climate change they have experienced in the study area. The smallholder farmers in the district highlighted several detrimental impacts of climate change, which are shown in Table 4.6. Some of the major effects of climate change that the farmers reported in the study area included reduction in crop yields, increased food insecurity, increase pest and disease outbreak etc.





[bookmark: _Toc116357331]Table 4.6: Effects of climate change identified by smallholder farmers in the study area
	Climate change effects
	N 136
	Frequency
	Percentage (%)

	1) Reduction in crop yields
	136
	128
	94.1

	2) Increased food insecurity
	136
	121
	89

	3) Increased post-harvest losses
	136
	66
	48.5

	4) Increase pest and disease and outbreak
	136
	91
	66.9

	5) Drying up of rivers and streams meant as source of water for irrigation
	136
	53
	39

	6) Destruction of crops following flooding
	136
	84
	61.8

	7) Drying up of crops due to intense heat
	136
	83
	61

	8) Intensive weed growth
	136
	71
	52.2

	9) Decreased soil fertility
	136
	78
	57.4

	10) Inadequate supply of water for livestock and humans
	136
	59
	43.4


Source: field survey, 2022
Climate change effects such as reduction in crop yields, increased food insecurity, increase pest and disease outbreak, destruction of crops following flooding and increased post-harvest losses were largely attributed to droughts and floods by the smallholder farmers. The majority of the smallholder farmers concurred that, drought occurrences had a negative impact on both their crops and livestock. They indicated that, because of droughts, pastures for livestock grazing as well as crops were wilted and eventually dried up resulting in lower yields. Similarly, flood events were reported to have a detrimental impact on their farming activities. Some of the smallholder farmers revealed that, floodwaters mostly sweep away their crops on the farms and end up filing their farms with water leading to losses in farm output.
Due to the unpredictable and delayed rainfall caused by drought, agricultural outputs and harvest were reported to be typically poor in the district, resulting in food insecurity. A farmer during the qualitative interview stated that: "drought is just one of the main climate events that is affecting us here." adding that "you will go out and sow your seeds and the next moment the rain will stop for a very long time, and when this happens, we don't get good yields because most of the crop will have spoiled."
Another farmer also stated that: "The rain can stop for a while and then come back strong, bringing floods all over the place. Last year, my yam mounds were entirely wiped away by floodwaters, and I had to replant. In this town, I have a farmer colleague whose land was entirely soaked in water; he was unable to do anything and did not get anything from the farm”.
[bookmark: _Toc116359024]4.2.5 Perceptions of smallholder farmers on the importance of agricultural extension services
Some studies (Nhemachena & Hassan., 2007; Maddison., 2007; Falco et al., 2011) have shown that, agricultural extension services can influence farmers' decisions to adapt their farming practices in response to climate threats. In light of this, the study assessed how smallholder farmers in the district perceived the importance of agricultural extension services. The researcher believed that, in order for smallholder farmers to value agricultural extension services and, as a result, embrace technologies and climate-smart practices from extension agents, they must first consider agricultural extension services significant in their attempts to adjust to climate change. 
From the results as seen in Figure 4.7, 120 representing (80%) of the smallholder farmers believe agricultural extension services are very important in their efforts to adapt to climate change while 23 representing (15.3%) do not consider agricultural extension services crucial in their adaptation to climate change and the remaining 7 representing (4.7%) were unsure. From the survey it was revealed that, 44.4% of the smallholder farmers who did not consider extension services to be significant for their adaptation to climate change had limited or no interaction with agricultural extension agents in the district and 33.7% of them were unaware that agricultural extension service providers operate in the district. 

                       
[bookmark: _Toc110499221][bookmark: _Toc110501417][bookmark: _Toc110509824][bookmark: _Toc116357359]Figure 4.7: Perceptions of smallholder farmers on the importance of extension services
Source: field survey, 2022
During the qualitative interviews, smallholder farmers also narrated how their perceptions on agricultural extensions services has evolved over the years. One of the participants remarked that; initially there was minimal interaction between us and the extension agents, I think most of us here believed agricultural extension services were for the rich and educated among us in this community who were into certain commercial crop productions such as mango. They spoke only English and could not speak our language, however, everything changed when a certain man who is from here took office as the director. They were now coming to our communities to interact with us and tell us what they do. So most of us now understood their work and started going to them for seeds and other assistance.
Another farmer remarked that: previously I thought their inputs were foreign and ineffective so I did not even bother to try them. However, as time goes and I begin to see the yields on some of my colleagues’ farms who were using them my mindset changed since then and I am now one of the consumers of their services.  
From the interviews, what was observed was that, the wrong impression of agricultural extension services was largely motivated by the minimal involvement of farmers in extension programs. Due to this, most of the farmers also perceived agricultural extension services to be costly and complex which deterred most of them from accessing these services. This minimal involvement of the farmers can also be attributed to the initial top down approaches that were used by the agricultural extension providers in their engagements with the farmers. These approaches only saw farmers as recipient of technologies and innovations and saw no need to involve them in their activities and explain things to them in details, creating room for those wrong impressions.
[bookmark: _Toc116359025]4.2.6 Perceptions of smallholder farmers on the roles of agricultural extension services.
During the survey, the smallholder farmers were asked to indicate the level to which they agreed or disagreed with various statements on the roles of agricultural extension in building the adaptive capacity of smallholder farmers to deal effectively with climate change.  A Likert scale of 1-5 was used. According to the survey results as shown in Table 4.7, some of the roles that the smallholder farmers agreed were roles of the agricultural extension agents in building the adaptive capacity of smallholder farmers included; conducting awareness meetings to sensitize them on climate change management (Mean=4.55), conducting field days to publicize new and improved technologies of crop, livestock that are drought tolerant and disease resistant (Mean=4.20), conducting demonstrations to train smallholder farmers on new knowledge and skills on climate change adaptation technologies (Mean=4.26).
Furthermore, use information communication technologies (ICTs) such as the radio and cell phones to create awareness among smallholder farmers on climate change issues and adaptation options (Mean=4.15), use farmer field schools for training smallholder farmers on the available adaptation options that can suit local conditions (Mean=4.12), and dissemination of information on weather forecasts and early warnings to smallholder farmers for better planning (Mean=4.08) were also roles of agricultural extension agents agreed by the farmers.  
On the other hand, smallholder farmers were less agreeable to the following as roles of agricultural extension agents in building farmers’ capacity to adapt to climate change: linking smallholder farmers to agricultural research institutions for on-farm adaptive research on promising best practices for climate change adaptation in a variety of farming systems (Mean=3.47), training smallholder farmers on proper food storage, processing and utilization to increase shelf life and reduce postharvest losses (Mean=3.51), building capacities and creating awareness of its extension staff on climate change so that they will have knowledge and skills to promote adaptation interventions (3.63), and using farmer-to-farmer extension methods to promote awareness and adoption of best practices in climate change adaptation (Mean=3.70).
(NB; Mean score of 4 or more are considered roles of extension services agreed by farmers)
[bookmark: _Toc116357332]Table 4.7: Perceptions of smallholder farmers on the roles of extension services in building smallholder farmers’ capacity to adapt to climate change
	Roles of Agricultural extension
	N
	Mean
	Standard deviation

	1) Conduct awareness meetings with smallholder farmers to sensitize them on climate change management.
	150
	4.55
	0.641

	2) Conduct demonstrations in order to train smallholder farmers on new knowledge and skills on climate change adaptation technologies.
	150
	4.26
	0.789

	3) Conduct field days to publicize new and improved technologies of crops, livestock that are drought and disease resistant.
	150
	4.20
	0.871

	4) Use information communication technologies (ICTs) such as the radio and cell phones to create awareness among smallholder famers on climate change issues and adaptation options.
	150
	4.15
	0.862

	5) Use farmer field schools for training smallholder farmers on the available adaptation options that can suit local conditions
	150
	4.12
	0.816

	6) Disseminate information on weather forecast and early warnings to smallholder farmers for better planning
	150
	4.08
	0.831

	7) Use farmer-to-farmer extension methods to promote awareness and adoption of best practices in climate change adaptation
	150
	3.70
	1.319

	8) Build capacities and create awareness of its extension staff on climate change so that they will have knowledge and skills to promote adaptation interventions.
	150
	3.63
	1.437

	9) Train smallholder farmers on proper food storage, processing and utilization to increase shelf life and reduce postharvest losses.
	150
	3.51
	1.452

	10) Link smallholder farmers to agricultural research institutions for on-farm adaptive research on promising best practices for climate change adaptation in a variety of farming systems
	150
	3.47
	1.519


Source: field survey, 2022

[bookmark: _Toc116359026]4.3 Influence of agricultural extension services on climate adaptation among smallholder farmers
[bookmark: _Toc116359027]4.3.1 Climate change adaptation strategies use by smallholder farmers.
Smallholder farmers around the world have used a variety of measures to adapt to climate change depending on the ecological area and even the type of farming. Similarly, in the study area, the smallholder farmers have also developed a number of strategies to cope with climate change including the use of improved crop varieties, crop diversification practices, shifting planting dates/calendars, mulching and cover cropping, agro-forestry and tree planting practices, etc.
According to the results in Table (4.8), 90.4% of the smallholder farmers reported crop diversification as their main climate change adaptation strategy in the study area. According to Mertz et al (2009), the use of crop diversification practices is one of the oldest climate adaptation measure employed by farmers. This finding is in line with Antwi-Agyei et al (2014a), who found that, crop diversification was used by a significant number of farmers as an adaptive measure to climate change in the Bongo District of Ghana. Crop diversification refers to the practice of planting several crops on the same piece of land. The practice of crop diversification allows smallholder farmers to cultivate different crop all year round, therefore enhancing food security. The practice of crop diversification, according to Simbarashe (2013), enables smallholder farmers to take advantage of the various crop-maturing dates in order to minimize the effects of climate-related threats.
Planting improved crop varieties (such as drought resistant crop, early maturing crops, etc.) was the second (85.3%) most adopted strategy by the smallholder farmers in the study area. Previous studies (Dapilah & Nielsen., 2020; Mwase et al., 2014) have revealed that, most farmers in areas vulnerable to drought switched to the use of improved crop varieties as a way of managing climate effects such as yield reduction and invasion of pests. These improved crop varieties offer unique qualities that assist smallholder farmers adapt to the harsh climatic conditions. These qualities include high yielding, resistance to drought and early maturation. The study's findings revealed that, 'Obatanpa' was the most popular and desired improved crop variety among the smallholder farmers. This is further corroborated by Egyir et al (2015) who discovered that, it was very common among smallholder farmers in maize farming communities to adopt the use of improved crop variety such as ‘Obatanpa’. According to the agricultural extension agents, farmers choose this cultivar because of its high drought resilience.
On the subject of improved crop varieties, AEA2 stated that, due to the lower yield experiences with the traditional or indigenous crop varieties, farmers in the district are increasingly shifting to these improved crop varieties. He stated that: “They like this 'Obatanpa' since it is better suited to the local climate and conditions. Furthermore, most of their local varieties take longer time to mature compared to the improved seeds they now use, and because the rainy season is now short, they prefer early maturing varieties”.
The results also revealed that, the third most practiced adaptation strategy was changing of planting dates or calendar (80.1%). The smallholder farmers said they took this step to lessen the effects of climate change. These results support a research by Fosu-Mensah et al (2012), in which it was discovered that, changing the planting date was one of the most important adaptation measures in warmer climate areas. Similarly, Tambo (2016) found that, 95% of respondents employed shifting planting dates as a climate change adaptation measure in his study in the Bongo, Kassena Nankana West (KNW), and Kassena Nankana East (KNE) districts in north-east Ghana.
During the FGDs, smallholder farmers expressed their believe that, rather than planting at the normal time during the farming season, they occasionally delay the planting of crops based on the rains. One of the participants stated that: “rather than planting or sowing at the usual period in the fourth month (April), we sometimes postpone planting activities based on the rainfall pattern. We can sometimes wait till we believe the rainfall pattern will last a little longer”.
Mulching was another common adaptation strategy employed by the smallholder farmers in the study area.  In the opinion of the agricultural extension agents, the practice of mulching was a perfect adaptation measure to help boost soil fertility since most of the farmers have many livestock and crop residues. Mulching is a climate change adaptation strategy that involves spreading a layer of materials over crops to protect them from drying winds and direct sunlight while also locking moisture into the soil. This practice is typically viewed as part of farmers’ indigenous climate adaptation strategies, which has also been mentioned in the literature as an important adaptation measure to climate changes especially for farmers with little to no access to information on climate and weather (Nkomwa et al., 2013).
In the face of climate change, switching to irrigated farming is frequently considered a good adaptation strategy. Supplemental irrigation, according to Nakawuka et al (2017), can be an excellent climate change adaptation strategy in locations where water sources are reliable in quality and quantity. Despite the fact that irrigation is considered a crucial adaptation measure in the agricultural sector, the study found that, just a small percentage (22.8%) of the farmers used it in addressing the dangers presented by the changing rainfall patterns. The low use of irrigation in particular is not surprising, given that agriculture in Ghana is almost entirely rain-fed and only 1% of arable land is irrigated (Ministry of Food & Agriculture., 2003).
The study found that, some of the smallholder farmers (39%) are also using crop selection as an adaptation measure to climate change. According to the smallholder farmers, this was part of their indigenous techniques in selecting seedlings that will produce high yields despite the weather conditions. The farmers at the end of the season will select crops that yielded well and store them separately for sowing the following year. According to them, once a crop had a high yield, there is a 90% likelihood that all seeds from that crop will generate a comparable yield despite the conditions of the climate.  
The other adaptation strategies employed by the smallholder farmers include, use of agro-forestry and tree planting practices (47.1%), planting in lines and correct spacing (72.1%), rearing animal breeds that are drought and disease tolerant (46.3%) (See Table 4.8).
[bookmark: _Toc116357333]Table 4.8: Adaptation strategies used by smallholder farmers
	Adaptation strategies
	N 
	Frequency 
	Percentage (%)

	1) Use of improved crop variety (drought resistant, early maturing, high yielding etc.)
	136
	116
	85.3

	2) Crop diversification practices (mixed cropping, crop rotation etc.)
	136
	123
	90.4

	3) Use of agro-forestry and tree planting practices
	136
	64
	47.1

	4) Use of irrigation methods
	136
	31
	22.8

	5) Use of chemical fertilizers
	136
	103
	75.7

	6) Use of inorganic fertilizers
	136
	82
	60.3

	7) Shifting planting date/calendars
	136
	109
	80.1

	8) Planting in lines and correct spacing
	136
	98
	72.1

	9) Use of mulching and cover cropping
	136
	71
	52.2

	10) Rearing animal breeds that are drought and disease tolerant
	136
	63
	46.3

	11) Processing of crops to reduce postharvest losses
	136
	26
	19.1

	12) Crop selection 
	136
	53
	39


Source: field survey, 2022

[bookmark: _Toc116359028]4.3.2 Key roles played by agricultural extension agents in climate change adaptation among smallholder farmers.
During the interviews with the agricultural extension agents, they were asked to list some of the roles they play in the study area in helping smallholder farmers adapt to climate change. Some of the major roles mentioned by the agricultural extension agents are explained below; 

[bookmark: _Toc116359029]4.3.2.1 Dissemination of climate adaptation technologies and innovation.
One of the important roles the agricultural extension agents revealed to be playing was the dissemination of climate smart agricultural practices and technologies. Globally, agricultural extension providers undertake significant roles in facilitating adaptation at different levels from technology development to the transmission of technologies and innovation useful in adapting agricultural activities to climate change. All the agricultural extension agents who were interviewed revealed they have been involved in this role in the study area. Some of the common technologies and innovations that were mentioned to be transferred included, land preparation technologies, minimum tillage agriculture, planting in lines, correct spacing, agro-forestry, etc.
During the interviews, AEA4 noted: "We have been promoting a lot of improved farming innovations and technologies, one of which is line planting and proper spacing. I can tell that, some of the farmers are doing well in that regard whenever I visit them on their farms”.
AEA6 also stated, "There are a lot of other innovations and technologies we are also disseminating, such as minimal tillage, agro-agroforestry and soil conservation practices. Although the adoption rate is still extremely low, particularly among the smallholder farmers. However, they will undoubtedly embrace them over time as they observe the benefits in their peers' farms”.
[bookmark: _Toc116359030]4.3.2.2 Promoting improved farming practices 
The agricultural extension agents also revealed that, one of the major roles they were also playing was the promotion of improved farming practices such as the use of improved seeds (drought resistant, early maturing and high yielding crop varieties.) and  farming practices such as mixed farming, crop rotation and crop diversification. They revealed that, their efforts in this area is helping some of the farmers maximize their production and income levels and this helps them adopt innovations that are money demanding. According to Davis (2009), extension agents should promote best farming practices that can help farmers cope with the changing climate through transfer of information on crop varieties that are tolerant to drought alongside details regarding the performance of the crops. Davis (2009) further stressed that, extension personnel can share their expertise on climate-resilient farming practices with farmers, such as mixed cropping and minimum tillage practices.
During the interviews, AEA 2 opined that: "As I previously stated, it is through our efforts over the years that encouraged the farmers to use these improved crop varieties. The rainfall in this area is decreasing and their local crop varieties are not generating adequate yields, so we exposed them to a number of early maturing, drought-resistant crop varieties to help them adapt to climate change, and most of them have reported positive outcomes”.
[bookmark: _Toc116359031]4.3.2.3 Supply of farming inputs 
Another important role played by the agricultural extension agents in the district in the face of climate change was the provision of agricultural inputs. Both the private and public extension organizations were found to be active in supplying farming inputs to farmers to help them adapt to climate change. For the public extension agents, the majority of the inputs they provide come from the government through the Ministry of Food and Agriculture. A classic example is ‘The Planting for Food and Jobs Program’, which is a government flagship program aimed at boosting agriculture in rural areas using innovative ways of farming. The extension agents disclosed that, as part of this program, they have provided farmers with fertilizers, improved seeds, animal treatment vaccinations, pesticides, and weedicides. During the interviews, some of the farmers indeed stated that, they had received farm inputs from the district's department of agriculture.
According to AEA4: “Some of the NGOs/ private agricultural extension providers, including our extension organization, buy produce from farmers. As a result, we will provide the farmers with some of the inputs they need, such as improved seeds, fertilizer, pesticides, and other items, to assist them achieve good harvests in the face of the climate change, which they can then sell to us”.
A public extension agent also stated that (AEA6): “Since the program (Planting for Food and Jobs) began, we have supplied many farmers with improved farming inputs although it is not only under this program that we do that. As a public extension institution, this is simply one of our many responsibilities. We serve as a link between the government and the district's rural farmers. Whenever the government or its partners want to introduce any innovation or farm inputs to rural farmers, they pass it through us, and we pass it on to them”.
[bookmark: _Toc116359032]4.3.2.4 Linking farmers to input providers and agro-chemicals shops 
The agricultural extension agents also revealed that, they also link farmers to inputs providers and agro-chemicals shops if they need to buy farming inputs. According to Davis (2009), extension organizations should be able to connect the various players in the rural setting, which should mean linking farmers to input suppliers, modern technologies and innovation providers and markets. In addition, Davis (2009) contends that, due to climate change, it will become more crucial for the extension system to connect farmers and other individuals in rural communities with private and public institutions that spread adaptation technologies and funding schemes for adaptation investments.
During the interviews, AEA 7 opined that: “Farmers come here for input recommendations, and we do not only make recommendations, we also direct them to where they can get the inputs. Also, if you are an input provider, you must visit our office, where we will inspect your products before approving it for sale to farmers. So at any point in time we know where we can direct farmers to get the inputs they want”.
[bookmark: _Toc116359033]4.3.2.5 Capacity building 
The agricultural extension agents also indicated that, one of the roles that they play is building the capacity of the local farmers in using the adaptation measures to climate change. Building farmers' capacity to deal with the impacts posed by climate change has become increasingly vital, according to the IPCC (2007) given the evidence of climate change impacts. As a result, extension providers must concentrate efforts on teaching farmers the various adaptation options to climate stresses (IPCC., 2007).
According to AEA 5: “we have trained some of the farmers on most of the climate change adaptation measures. The majority of people who have used them have said that they have produced positive results”. Similarly, AEA 4 remarked that: “through our engagements with the farmers, we have observed that, most them did not know how to use some of the inputs particularly fertilizer, pesticides and weedicides. Some of them end up damaging their crops and the fertility of the soil due to the improper application. So we have trained them on the different types of fertilizers and other inputs and at what stage they should be applied and in what quantities”.
[bookmark: _Toc116359034]4.3.2.6 Dissemination of weather and climate information
Dissemination of weather and climate information was also mentioned as one of the roles they played. However, the study discovered that, just a few of the agricultural extension agents in the study area have been involved in the dissemination of weather and climate information on a regular basis. The implication of this is that, the potential of early dissemination of climate and weather information in assisting farmers adjust to the threats of climate change has not been fully exploited in the district. It was not surprising some of the farmers reported inadequate information on weather and climate as a barrier to their adaptation to climate change.
[bookmark: _Toc116359035]4.3.3 Roles of agricultural extension services in technological change and agricultural transformation among smallholder farmers.
Agricultural transformation and technology changes are at the heart of global efforts in promoting climate change adaptation among smallholder farmers. For this reason, smallholder farmers and agricultural extension agents were asked to mention some of the technologies and innovations introduced and how they are leading to agricultural transformation and technological changes in the study area. The findings from the interviews and our observations showed that, they have been some changes in the farming systems of the smallholder farmers even though these changes are incremental. The results are discussed below.
[bookmark: _Toc116359036]4.3.3.1 Use of mechanized agricultural inputs. 
According to the agricultural extension agents, the use of mechanized agricultural inputs is one of the primary technologies/innovations that was intensified in the district. They revealed that, land preparation in the district has traditionally been done with a hand hoe and a cutlass. However, due to their attempts in promoting mechanized agriculture, the majority of the communities have undergone a gradual transition from manual land preparation to tractor ploughing. Some of the extension agents stated that, tractor use was somewhat limited in the previous 15 years, probably due to limited funds, however, markets for tractors and mechanical machinery for agricultural activities began to rise from the 2000s and have continued to grow.
In an interview with the smallholder farmers, they also stated that, some of them were using draft animals for ploughing, however, their use has dropped due to their exposure to tractors through agricultural extension services and other external actors. The extension agents further revealed that, the use of tractor-mounted maize shellers is also gaining popularity in the district. This has resulted in the progressive elimination of manual corn shelling or hand beating in some of the communities. During the interviews, some of the agricultural extension agents highlighted how agricultural technologies and innovation have evolved in the study area over the years. AEA2 remarked that: "a few years ago, most of the farmers were dependent on family and communal labor for their farming activities. However, I can now say that, the usage of communal labor has decreased significantly due to the mechanical farming practices we have promoted and introduced to them”.
[bookmark: _Toc116359037]4.3.3.2 Use of agro-chemicals inputs
The introduction and use of agrochemicals (such as herbicides, pesticides and chemical fertilizers) was also mentioned by the agricultural extension agents as a key technology/innovation that is leading to changes in technology and agriculture in general. According to the agricultural extension agents, herbicides use has increased significantly in most farming communities as a result of their efforts in promoting and connecting farmers to agro-chemical providers. They further noted that, herbicides are now widely used in the communities for weed control and management, which has resulted in a significant reduction in the use of hoes, cutlasses, and human labor for weeding. 
The study also found that, due to the introduction of pesticides, pest control that traditionally included the use of local materials such as spear grass and 'pito mash' and water is no longer used by most of the farmers in the study area. The farmers revealed that, they used spear grass and 'pito mash' mixed with water to keep pests and insects away from their crops in the past. They further mentioned that, the spear grass is bitter and poisonous and that when mixed with 'pito mash' and sprinkled on crops, insects are deterred from attacking the crops due to the bitter and poisonous nature of the spear grass (see Appendix C). 
Among the agro-chemicals, the use of chemical fertilizer was widespread among the farmers in the study area. According to the agricultural extension agents, the use of fertilizers was common among the farmers due to the declining soil fertility in most of the farms.
During the interviews, one of the smallholder farmers noted that: “weed control used to be done with a hoe and cutlass, and it could take days to weed your farm, but now, with the use of weedicides, it can be done in a matter of hours”. On the issue of fertilizer usage, AEA7 commented that: "I believe the increased adoption of chemical fertilizer among farmers is primarily due to the reduced soil fertility compared to some decades before." Initially, the soil was good, and crops yielded well, thus fertilizer use was not widespread. However, as soil fertility has declined, farmers have increased their fertilizer use to get higher yields”. 
[bookmark: _Toc116359038]4.3.3.3 Use of improved planting material 
The use of improved planting materials was not forgotten in the district's technological revolution and agricultural transformation. According to the agricultural extension agents, the most common crop varieties planted in the study area were the local and late-maturing varieties. They further indicated that, through their interactions with the farmers, most of them are gradually adopting improved planting materials. Early-maturing varieties and drought-resistant crop varieties, according to the agricultural extension agents, are being utilized primarily in the face of the irregular rainfall pattern and drought due to climate change. During the conversations, some of the farmers stated that, they have progressively switched from traditional crop varieties towards improved crop varieties.
According to AEA3: "I can tell that, the use of improved planting materials is really gaining popularity among farmers. They used to rely solely on traditional crop varieties, which take longer time to mature and are less resistant to climate change. However, in recent years, the majority of them have switched to the use of improve planting materials and crops”.
[bookmark: _Toc116359039]4.3.3.4 Reliance on modern sources for weather and climate information 
The study found that, smallholder farmers in the study communities were using several natural indicators for climate and weather predictions. According to these farmers, the occurrence of certain weeds or grass show whether the rain will start early and late, and whether they should start planting or not (see Appendix C). However, with the dissemination of weather and climate information through extension agents, all of these indigenous indicators have become less popular. The agricultural extension agents also revealed that, farmers in the district frequently use stars and month ranges to determine whether the rain will begin early or not, and whether or not to begin planting. However, most of them now get this information from them through their radio sets and when they visit them in their communities.  As a result, the traditional weather and climate prediction methods are losing popularity among the smallholder farmers because they appear to fail them at times. During the interviews, AEA5 stated that, "some of them still use the stars and certain plants to predict onsets of rainfall and drought," but most of the times those predictions fail them." As a result, some of them are increasingly turning to agricultural extension agents for climate and weather information”.
[bookmark: _Toc116359040]4.3.3.5 Agro-forestry 
Some of the agricultural extension agents cited agro-forestry as one of the climate-related innovations they had promoted among farmers. According to AEA6, the specific form of agro-forestry that is currently gaining prominence is the alley farming.  In a statement, he said, "Most of the farmers have abundant cashew trees in their farms that they sell for extra income, but when they want to expand their farm sizes, you see them cutting down some of the trees to make way for more space, which is wrong in our opinion." The leaves that fall from the trees add nitrogen to the soil, which is beneficial to crop growth. Over the years we have demonstrated and communicated this to them and some of them are now practicing it, as you can see on most farms”
[bookmark: _Toc116359041]4.3.4 Contributions of technologies and innovation received to smallholder farmers.
The study also looked into what smallholder farmers believe are some of the benefits of the technologies and innovations they have received from agricultural extension agents in terms of their agricultural activities in the district. Only those who indicated they had access to extension services (112) were surveyed. The survey results revealed that, the technologies and innovations they got had a variety of major contributions to their agricultural activities, the most notable of which was their contribution to increased yields. As shown in Table 4.9, 91.1% of the farmers revealed they have observed yield increases due to the technologies/innovation they have received from the extension agents. Notable among the contributions was the switch to the use of improved planting materials as majority (85.7%) of the smallholder farmers revealed they have now resorted to the use of improved planting materials. 75.9% indicated their income status have increased as a result of the technologies/innovation they received. Farm sizes of smallholder farmers (54.5%) have also increased due to the technologies/innovation they received, while 20.5% indicated their social status have increased due to the technologies/innovation they have received.  
[bookmark: _Toc116357334]Table 4.9: Contributions of technologies and innovations to smallholder farmers
	Contributions
	N
	Frequency
	Percentage (%)

	Increased yields
	112
	102
	91.1

	Changed to improved planting materials
	112
	96
	85.7

	Increased in income
	112
	85
	75.9

	Increased farm size
	112
	61
	54.5

	Increased social status
	112
	23
	20.5


Source: field survey, 2022

[bookmark: _Toc116359042]4.3.5 Sustainability of the improved practices.
Adoption of good agricultural practices is undoubtedly very important but as to whether farmers will sustain such practices over time is another issue. In the light of this, the study examined smallholder farmers’ opinions on the sustainability of some the technologies and innovation they have received from extension agents in the district. Out of the 112 smallholder farmers who received such extension services, 70 representing 62.5% believe such technologies and innovations will be sustainable over time, while 42 representing 37.5% do not. During the focus group discussions when the question was posed, a participant stated that; “We see the importance of such practices and have experienced their benefits firsthand, but the difficulty is the expense of the inputs; we do not have sufficient money. There are farming seasons when you do not know where you will find money to plough, let alone buy these improved varieties, so the cost may have an effect on their long-term sustainability among us”.

              
[bookmark: _Toc110499222][bookmark: _Toc110501418][bookmark: _Toc110509825][bookmark: _Toc116357360]       Figure 4.8: Sustainability of innovations and technologies among respondents
          Source: field survey, 2022
[bookmark: _Toc116359043]4.4 Influence of socio-economic characteristics on access to agricultural extension services 
[bookmark: _Toc116359044]4.4.1 Access to agricultural extension services by smallholder farmers 
The frequency of agricultural extension agent visits to farmers was investigated in order to identify smallholder farmers' access to agricultural extension services. The smallholder farmers were asked two questions: the first was to determine the frequency of extension agents visits to the communities as a whole, and the second was to determine the frequency of extension agents visits to their individual farms. Due to the large number of farmers depending on extension agents, they sometimes prefer to meet farmers in groups in their communities rather than individual farm visits, which is preferable. Extension agents may visit communities frequently but may fail to meet farmers on their farms to monitor how they implement the practices they transfer to them.
The results show that, a good number (112) representing 74.7% of the smallholder farmers indicated they have access to extension services in the study area while the remaining 38 representing 25.3% revealed they have no access to extension services. The smallholder farmers were further asked how often the extension agents visited their communities.  The results as presented in Table 4.10 show that, 15.2% of the smallholder farmers indicated extension agents visited their communities once a month, 28.5% said they visited once in every three months and 56.3% said they visited once a year. The results in Table 4.10 below suggests that, extension service delivery by AEAs is still low in the district given the frequency of their visits. This phenomenon has the potential to limit the potentials of agricultural extension services in assisting farmers adapt to climate change.
[bookmark: _Toc116357335]Table 4.10: Access to extension services by smallholder farmers
	Access to extension services and frequency of AEAs visits
	Frequency
	Percentage (%)

	Do you have access to extension services?
	
	

	Yes
	112
	74.7

	No
	38
	25.3

	Total 
	150
	100

	How often do AEAs visit your community?
	
	

	Once a month
	17
	15.2

	Once every three months
	32
	28.5

	Once every year
	63
	56.3

	Total
	112
	100


Source: field survey, 2022
Only those who indicated they had access to agricultural extension services (112) were asked if extension agents had personally visited their farms to monitor how they implement the practices that were transferred to them. The majority of the farmers (72.3%) said no, while the rest (27.7%) said yes. The study further found that, the majority of those who indicated extension agents have visited their fields were those who often payed visits to the extension offices. The irregular farm visits led to farmers complaining about the invisibility of agricultural extension agents and poor understanding of some of the practices. In most developing countries, particularly in sub-Saharan Africa, these sporadic farm visits have been acknowledged to be the norm (Maoba., 2016). Therefore, attention should be paid in improving extension service delivery and increasing extension agents’ visit to the fields of smallholder farmers for demonstration and practical purposes. The government therefore need to recruit more extension officers to help fill up the farmer-to-extension agent gap and increase access to agricultural extension services.   
 
                   
[bookmark: _Toc110499223][bookmark: _Toc110501419][bookmark: _Toc110509826][bookmark: _Toc116357361]Figure 4.9: Extension agents visits to smallholder farmers’ fields
Source: field survey, 2022

[bookmark: _Toc116359045]4.4.2 Sources of climate information 
Access to information have a crucial role in influencing farmers’ awareness on best farming practices and adaptation measures. The smallholder farmers in district were questioned on their primary sources of climate-related information. The results as displayed in Table 4.11 show that, smallholder farmers in the district obtained climate information from radios, televisions, newspapers, colleague farmers etc. Based on the results in Table 4.11, radio (92%) and colleague farmers (75.3%) were the most common sources of climate information. The respondents' low level of education may explain why radio is their primary source of climate change information. 
The smallholder farmers were found to rely upon the Nkiligi FM for news and information on current affairs and agriculture. The farmers indicated that, most of them listen to their radios especially after supper when they are relaxing. Other sources of climate information included Television (14%), internet (11.3%), and the least being newspaper (4%). The limited use of the internet as a source of information could be as a result of the poor internet coverage in the country combined with farmers' lower educational levels.



[bookmark: _Toc116357336]Table 4.11: Sources of climate information among smallholder farmers
	Sources
	N
	Frequency
	Percentage (%)

	Radio
	150
	138
	92

	Television
	150
	21
	14

	Internet
	150
	17
	11.3

	Newspaper
	150
	6
	4

	Colleague farmer
	150
	113
	75.3


  Source: field survey, 2022  
[bookmark: _Toc116359046]4.4.3 Influence of socio-economic characteristics on access to agricultural extension services.
A binary logistic regression was run to determine if there was a relationship between smallholder farmers socio-demographic characteristics and access to agricultural extension services. The results of the binary logistic regression in Table 4.12 shows the relationship between smallholder farmers’ socio-demographic characteristics and access to agricultural extension services. The results indicate that, only gender and education were statistically significant with access to agricultural extension services. Females farmers (OR = 0.23, p ≤ 0.01) were significantly less likely to have access to agricultural extension services compared to their male counterparts. Also, uneducated farmers (OR = 0.25, p ≤ 0.00) were significantly less likely to have access to agricultural extension services compared to educated farmers. However, other variables such as age, farm size and marital status did not show any statistical significance.

[bookmark: _Toc116357337]Table 4.12: Influence of socio-demographic characteristics on access to extension services
	Covariates 
	OR
	S.E
	P-Value
	C.I (95%)

	Age 
	0.882
	0.203
	0.536
	0.592-1.314

	Gender (ref: Male)
	
	
	
	

	Female 
	0.228
	0.543
	0.006
	0.079-0.661




Table 4.12 continued 
	Marital (ref: Single)
	
	
	
	

	Married
	5.617
	1.380
	0.211
	0.375-84.052

	Divorced/Separated
	2.940
	1.272
	0.397
	0.243-35.577

	Widowed
	9.482
	1.434
	0.117
	0.570-157.698

	Education (Ref: educated)
	
	
	
	

	Uneducated 
	0.245
	0.697
	0.000
	0.084-0.591

	Farm Size (Ref: less 0.5 ha)
	
	
	
	

	0.5 ha to 1
	0.453
	0.736
	0.282
	0.107-1.918

	1 to 1.5 ha
	0.949
	0.673
	0.938
	0.254-3.548

	1.5 ha to < 2 ha
	0.959
	0.893
	0.963
	0.167-5.526


OR = Odds Ratios, C.I = Confidence Intervals
Source: field survey, 2022  
During the qualitative interviews, some of the farmers expressed their views in relations to how changes in socio-economic characteristics influence access to agricultural extension services. One of the farmers remarked that; initially what was limiting me from accessing extension services was the lack of money, but once things changed with me financially, I started inviting them to my farm on some occasions and I even go their offices to seek them for recommendations on certain farming inputs. So if you do not have the money and resources you won’t even waste your time to locate them because you may not be able to afford some of the things they will recommend to you. 
However, others believed that even though they have witnessed some changes in their socio-economic conditions, they are still challenged with limited access to extension services. In a statement one of the respondents also noted that; even though I can say my economic conditions have improved over the years, I still do not have access to extension services because in a whole farming season the extension agent can visit us only once or may not even visit us. Moreover, when you go their offices you will meet their absence. So your economic conditions may improve but if they do not visit your community you will still not have access to their services. 
[bookmark: _Toc116359047]4.5 Challenges affecting the effectiveness of agricultural extension service delivery 
[bookmark: _Toc116359048]4.5.1 Challenges on the part of the smallholder farmers 
During the survey and interviews, smallholder farmers were asked to identify some of the barriers in accessing and adopting climate change practices from extension organizations in the study area. Some of the major challenges identified are explained below.
[bookmark: _Toc116359049]4.5.1.1 Financial challenges 
From the interviews, almost all the smallholder farmers mentioned financial constraints as an obstacle to climate change adaptation in the district. This finding is consistent with prior researches (Bryan et al., 2009; Antwi-Agyei et al., 2012; Peterson et al., 2013), which identified financial constraints as major a barrier to climate change adaptation among smallholder farmers. During the interviews, the respondents emphasized the rising cost of inputs such as tractors, improved crop varieties, agricultural labor, and fertilizers as the primary challenges. 
One of the smallholder farmers during the qualitative interview stated: “we are aware of the benefits of some of these improved seeds and innovations since we have used them and seen the benefits. However, we do not have the money to purchase these inputs every year because they are too expensive. Sometimes what we get from the farms after harvest cannot even suffice the family for the whole year, we must look for money elsewhere to complement the farm produce. So, in seasons where you do not have money, you just have to use the local farming inputs”.
This complains of the farmers were also acknowledged by some of the extension agents during the interviews. According to AEA4: “the farmers complain a lot about the rising prices of farming inputs and it is very true. The prices have really gone up in recent years. Because of this, if you tell a farmer to apply fertilizer or use certain inputs, the first response you will get is I don't have any money”.
As a remedy to the issues of financial challenges among farmers, Mpandeli and Maponya (2013) emphasized the importance of institutions in giving assistance in the form of financial and technical to facilitate farmers’ climate adaptation efforts.  The government and other NGOs in extension provision should also provide subsidies for some of the farming inputs to assist the smallholder farmers in their adaptation to climate change.
[bookmark: _Toc116359050]4.5.1.2 Lack of information on weather and climate
Another issue raised by the smallholder farmers was the inadequacy of information on weather and climate. A significant number of the farmers stated that, they have not received any weather or climate updates from any source, which they believe is critical in deciding when to plant and when to begin most of their agricultural activities. They further disclosed that, extension agents were more interested in sharing information on improved crop varieties and agro-chemicals, but missing out when it comes to disseminating up-to-date information on climate and weather. This finding supports Popoola's (2020) assertion that, a major barrier hindering adaptation to climate change is inadequate essential climatic information, which in turn affects farmers’ adaptability.
In an interview, one of the smallholder farmers noted that: “when it comes to weather and climate information, we solely rely on our indigenous knowledge to predict whether it will rain early or late in the year. We are now in April, but I am unsure if the rain will begin early or late this year, so if I go by my own judgment, I may go and plant after the first rainfall, hoping the rain will begin early, and it may be a loss for me.  
However, a few farmers stated that, they have received such information only that they had to go the offices of the extension agents personally. One of such farmers opined that: “If you go to their office, they will be able to offer you some weather and climate information. That is something I do on occasion. However, it would have been preferable if they find ways of sharing it with all of us without anyone having to go their office because some are far away from the district capital”.
[bookmark: _Toc116359051]4.5.1.3 Poor access to extension services  
The limited access to agricultural extension agents and extension services was also mentioned as one of the major constraints to climate adaptation in the district. The poor access to extension agents is primarily due to the inadequate number of extension agents in the district as was agreed by all the extension agents. A deputy director of the agricultural department disclosed that, the farmers–to-extension agent ratio in the district is more than 1: 1,700, which is far higher than the national optimal of 1:300 (GSS., 2012). During the interviews and FGDs, some of the farmers registered their dissatisfaction with the poor access to extension services in the district.
One of the farmers remarked that: “Over here, access to extension personnel is really challenging, even now that the situation is improving. Previously, you may go three years without seeing an extension officer in your community, let alone having one visit your farm”. 
Similarly, another farmer also opined that:  “if you tell them you want to meet them, they'll say they'll come and they won’t. So, if you want them the easiest way is to go to their office. If you wait for them to visit you on a regular basis, you will be disappointed”.
These findings also concur with previous literature.  For instance, Alemna and Osei (2007) claimed that, Ghana has a very small number of extension officers engaged in the delivery of agricultural extension services. Similarly, despite Ghana having 4-5 million small-scale farmers, only 3,500 agricultural extension agents are employed by the government, according to McNamara et al (2014). The worse thing is that, many of these extension agents are not present in the field, which actually means that, the farmers–to-extension agent ratio is close to 1:2,000 or 1:3,000 (McNamara et al., 2014). Making access to extension services very poor.
[bookmark: _Toc116359052]4.5.1.4 Dissatisfaction with extension delivery approaches 
The agricultural extension agents used different approaches in delivering extension services to the farmers, some of which included the general or mass extension approach, the participatory approach among others. In the study area, the dominant approach was the general or mass extension approach. However, the farmers indicated that, what they preferred was the farmer field school approach and field days because it gives them the opportunity to be trained on some of the innovations practically in a demonstrative manner. One of the farmers had this say during the interviews: “When we meet as a group, they just come to orally discuss with us and that all. At the group meetings, they occasionally show us practical demonstrations. So most of us go there to listen, watch and forget because we are not actually implementing those practices in our field”.
AEA2 responded to the farmers' concerns by saying, "Some of them tell us their choices. However, most of the time, using such approaches is challenging due to the large number of farmers under each extension agent”.
In fact, some of the methods employed agricultural extension providers in the provision of extension services have been criticized. For instance, the use of the oral dissemination methods by extension providers are considered inefficient (Hanna et al., 2012). As a result, some researchers such as Peterson (2014) have emphasized that, extension methods such as the Farmer Field School that allows for practical participation of farmers during extension delivery should be adopted to make extension services more effective to farmers. However, because of the inadequate extension agents, these methods have not been widely used among extension providers.
[bookmark: _Toc116359053]4.5.2 Challenges on the part of extension agents 
The agricultural extension agents were also given the opportunity to list some of the challenges they also encounter in delivering their services and what they think limits farmers adoption of some of the innovations and practices they have been transferring. The major constraints confronted by the extension agents are explained below. 
[bookmark: _Toc116359054]4.5.2.1 Low level of education
One of the obstacles that the agricultural extension agents’ faced in their efforts to facilitate climate change adaptation was the low level of education among the farmers. During the interviews, an extension agent stated that, most of the farmers in the district were uneducated, and that, if you are not subtle, you may be discouraged to meet them because of their preference for certain simple and ineffective adaptation practices. 
During the qualitative interviews, some of the agricultural extension agents made the following statements in relation to the low educational situation among the farmers in the district. According to AEA 3: There are many improvements and advancement we have been seeing on the internet and in other places, such as the use of mass messages or videos, where we can simply sit and send information without having to physically visit the communities. Even though we can do it, but it will not work because the majority of them are uneducated and unable to read or understand English. 
AEA 7 also added that: “some of them will even go and buy improved seeds or fertilizer and go and messed it up because they cannot read the application or usage instructions. So, when they come to us for input recommendations, we also teach them how to apply the inputs and in what quantities they should be applied”.
[bookmark: _Toc116359055]4.5.2.2 High farmers–to-extension agent ratio 
The inadequate extension officers and high farmers–to-extension agent ratio was also reported as one of the key constraints confronting extension agents in their work. A deputy director of the agricultural department in the district revealed that, the number of communities assigned to each extension agent is too high and sometimes it is impossible to visit all them as may be required. He further indicated that, the farmers–to-extension agent ratio is currently standing at more than 1: 1,700 in the district. Most of the extension agents complained about the high number of farmers under each extension agent during the interviews. According to AEA 6: “As for the number, we have always complained about it; sometimes you want to visit the farmers as required, but due to the large numbers, you can only do what you can. As I speak with you, there are about 26 communities and approximately 3,500 farmers in my area, which is way too high for me to be honest”.
Previous researchers such as McNamara et al (2014) has revealed that, Ghana has a high farmers–to-extension agent ratio, which is almost 1:2,000 or 1:3,000. This means that, one extension agent may serve as many as 2,000 or 3,000 farmers. The high farmers–to-extension agent ratio in the district supports Anaglo et al (2014) findings, which claimed that, many farmers in rural areas of Ghana do not get relevant and timely information due to a lack of extension officers.
[bookmark: _Toc116359056]4.5.2.3 Lack of logistic and poor road network 
Some of the extension agents indicated inadequate logistic and resources as one of their major challenges in disseminating information to farmers. They indicated that, they are not fully equipped with the needed logistic such motorbikes and agricultural inputs which is severely hampering their operations. Most of the extension agents stated that, their motorbikes are insufficient to aid in their movements to these places, and those who do have motorbikes also complained about lack of fuel for their movements.
According to AEA 7: “we only have 8 motorbikes and we are a little over 30 personnel. you can imagine the huge deficit. So definitely, it will affect our work”.
Poor accessibility to some of the areas, according to the extension agents, was also a concern, particularly during the rainy season. According to AEA 5: “some of the communities in my operational area are difficult to visit, particularly during the rainy season, due to poor roods, which obstructs my work sometimes”.
[bookmark: _Toc116359057]4.5.2.4 Resistant to change
Some extension agents stated that, some farmers are adamant about following improved practices and technical advices. They revealed that, they are so attached to their indigenous knowledge and practices that they are unwilling to accept change, which makes their work difficult, especially when dealing with such individuals. AEA3 expressed that, "the majority of the farmers are just too resistant to change." For a long time, I have been educating them about the importance of ending deforestation and slashing and burning. But it's something they've grown accustomed to, and some of them have flatly refused to change”.
Similarly, AEA6 expressed that: “You may meet them and spend hours with them educating them on some of the farming practices they should adopt in the wake of climate change, and they may reply positively, showing acceptance, but when you return to visit them, you will find them doing something contradictory to what you taught them”.
[bookmark: _Toc116359058]4.5.2.5 Poor capacity-building arrangement/ lack of in-service training
Some of the agricultural extension agents, particularly the public extension agents, complained about the lack of capacity-building arrangements for extension agents. They stated that, they have not been receiving frequent training on technologies, modern farming practices, and general knowledge on climate change issues. They believed that, this situation limits their general awareness and knowledge of some of the latest innovations and technology as well as climate-related issues. Additional training and capacity building have been shown to benefit extension officers greatly (Duo & Bruening., 2007). During the interviews, AEA7 expressed that; “another challenge that should be mentioned is the poor capacity building and training arrangement at our department. If it was not for the NGOs whom we partner with, that regularly provide capacity building and training for us, we may go more than a year without any capacity building or training. This has an impact on our work because we are the farmers' principal contact agents, therefore we need to know before we can teach and disseminate information”.
[bookmark: _Toc116359059]4.5.2.6 Poor network service 
Poor network service was also mentioned as one of the major challenges confronting their work. The use of technological devices such the mobile phones in disseminating climate information is not only limited by lower level of education among farmers, but also due to the poor network coverage in the country. According to Alemna and Osei (2007), access to agricultural information via mobile phones and internet sources is extremely limited in Ghana due to limited network coverage, particularly in rural farming communities. According to one of the extension agents AEA6:  “the network here is not very good, especially in the villages, and talking to them through mobile devices is difficult. For example, a simple information you could sit here and call the contact farmers to share, you will have to go there because you can reach him on phone”.



















[bookmark: _Toc116359060]CHAPTER FIVE
[bookmark: _Toc116359061]SUMMARY OF KEY FINDINGS, RECOMMENDATIONS AND CONCLUSION
[bookmark: _Toc116359062]5.0 Introduction 
This is the last chapter of the study and it presents the conclusions from the study, the major findings from the study and the professed recommendations for improving extension service delivery in the study area and Ghana at large.
[bookmark: _Toc116359063]5.1 Summary of key findings
The livelihoods of smallholder farmers and agricultural activities in general are seriously threatened by climate change. Given that these farmers produce more than 80% of the world's food, the need to improve their capacity for adaptation and resilience has never been more pressing. The study's objective was to investigate the contributions agricultural extension services make in facilitating climate change adaptation among smallholder farmers in Sawla/Tuna/Kalba District of Ghana. Based on the field interviews and the results from the analysis, the study produced several major findings, including the following:
[bookmark: _Toc116359064]5.1.1 Socio-demographic background of respondents
The research results showed that, the majority of the smallholder farming in the study area were being undertaken by males as they constituted 80.8% of the respondents with 19.2% being females. The variations in the sex composition of the respondents could be due to the patrilineal system of inheritance existing in the district, which limits women access to land. The data further showed that, most (50.8%) of the smallholder farmers were within the productive age range of (20- 40) as described by the Ghana Statistical service (2011). The results also showed that, the educational levels of the smallholder farmers were not very impressive as 44.2% had no education and 40% had their education only at the basic level. This situation was reported to be impeding the delivery and adoption of agricultural technology and innovation as reported by the Agricultural Extension Agents (AEAs).
[bookmark: _Toc116359065]5.1.2 Perceptions of smallholder farmers on climate change and the importance of extension services
The research findings, which were validated by the smallholder farmers and extension agents, demonstrate that, climate change is indeed present within the district as demonstrated by the reduced rainfall, rising temperatures, and the occurrence of dry spells (see Figure 4.2, 4.3, 4.4, 4.5, 4.6). The study findings further revealed that, the major and frequent climate-related events in the district included, prolonged drought, floods, high temperatures coupled with low rainfall and severe storms and winds. The smallholder farmers reported that, these incidents were detrimental to food security and agricultural yields within the district. These manifestations and effects presented by climate change are and will continue to present serious dangers to the agricultural activities of the smallholder farmers, which are generally rain-fed in the coming years.
Furthermore, the study’s findings showed that, both agricultural extension providers and farmers in the district had good perceptions and appreciable level of awareness of climate change, its causes, effects, and available adaptation options. The common perception and understanding of climate change among farmers include, decreased amount rainfall received in a season, irregular start of the rainy season, high temperatures (see Table 4.4). The smallholder farmers also believed that, the main causes of climate change within the district were, among other things, bush burning, poor afforestation, and higher levels of deforestation for the production of charcoal (see Table 4.5). The fact that there is such good perceptions and understanding of climate change among farmers suggests that, despite the need for additional efforts, attempts to promote awareness on climate change issues are yielding positive results among farmers.
The study's findings also showed that, the vast majority of smallholder farmers believed that, agricultural extension services were crucial to their attempts to adapt to climate change. The majority of the smallholder farmers in the district who did not consider agricultural extension services to be important to their adaptation to climate change had little to no engagement with agricultural extension agents (see Figure 4.7). 
[bookmark: _Toc116359066]5.1.3 Influence of agricultural extension services on climate change adaptation among smallholder farmers
The study discovered that, the smallholder farmers in the research area have been responding to climate change using a variety of self-initiated and externally supported adaptation measures. The most common strategies smallholder farmers used to adapt to the threats of climate change included the use of improved crop varieties, crop diversification practices, shifting planting dates/calendars and use of chemical fertilizers (see Table 4.8).
The study also discovered that, the extension organizations discharged vital functions in helping smallholder farmers adapt to climate change. Some important roles included, transfer of appropriate technologies and innovations, supply of farming inputs, promoting improved farming practices, linking farmers to inputs providers and agro-chemicals shops and capacity building. These are some of the major support services these institutions provided to the smallholder farmers to assist them address the threats associated with climate change. 
[bookmark: _Toc116359067]5.1.4 Influence of socio-economic characteristics on access to agricultural extension services
The study discovered that, despite the sporadic visits of the agricultural extension agents to the communities (see Table 4.10), the idea of farmers visiting extension agents/providers was not very popular among the smallholder farmers. However, this is one of the habits that should be encouraged. Because if farmers should go after extension agents for information, they will be less reliant on their visits, which are mostly irregular. This could be one of the ways to enhancing access to agricultural extension services and improved agricultural technologies.
Additionally, gender and educational attainment were statistically significant factors in determining access to agricultural extension services, according to the results of the binary logistic regression. The analysis revealed that, female farmers (OR = 0.23, p ≤ 0.01) were significantly less likely to have access to agricultural extension services compared to their male counterparts. Also, uneducated farmers (OR = 0.25, p ≤ 0.00) were significantly less likely to have access to agricultural extension services compared to educated farmers.  
[bookmark: _Toc116359068]5.1.5 Challenges affecting the effectiveness of agricultural extension service delivery
The study’s finding revealed that, there were numerous issues plaguing the delivering of extension services both from the standpoint of the farmers and the extension workers. Farmers faced a variety of problems, including high cost of improved farming inputs, a lack of weather and climate information, and the invisibility of extension agents in their communities etc. Farmers’ efforts to adjust their agricultural activities to climate change had been found to be hampered by these problems. On the other hand, extension agents and organizations identified high farmer-to-extension-agent ratio, lower levels of education, lack of logistic, resistant to change and lack of capacity building/in service training as some of the primary problems confronting their work in the district.  It is important that these issues be addressed to facilitate smooth extension service delivery in the district and increase smallholder farmers' resilience to climate change.
[bookmark: _Toc116359069]5.2 Implications and recommendations for policy and practice 
Based on the study's findings, the study recommends that, organizations involved in agricultural extension provision especially MoFA should offer training and retraining opportunities to their agents in order to help them maintain and advance their understanding of climate-related issues. Regular training is required in order for extension agents to stay informed about new developments in farming technology and innovations that might help farmers adapt to climate change. Rather than waiting for donors and NGOs to provide such trainings for the extension agents, MoFA should make an effort to regularly offer refresher courses and training for its extension agents. With this done, the AEAs would have the most recent information and training necessary to properly communicate with farmers about new agricultural technologies.

The study's findings showed that, smallholder farmers had access to agricultural extension services despite the fact that extension agents hardly visited them, particularly on their farms. As a result, the study recommends that, smallholder farmers should be urged to visit agricultural extension providers more regularly, as this will enhance extension agent-farmer contacts and increase farmers’ participation in extension programs. If farmers should go after extension agents for information, they will be less reliant on their visits, which are mostly irregular. This may be one of the methods to improving access to advanced technologies, information and agricultural extension services in general.

The high farmers-to-extension-agent ratio should also be addressed, particularly in public extension service agencies. MoFA should therefore strengthen its extension agencies by recruiting more extension agents to reduce the high farmer-to-extension-agent ratio and to ensure quality extension service delivery in the district.  To lower the high farmer-to-extension-agent ratio and increase access to extension services for smallholder farmers in the rural areas of Ghana, there is a need to encourage extension programs in higher learning institutions of the country.

The majority of the respondents agreed that, environmental factors like bush burning and cutting down of trees for the production of charcoal, which were extremely common in the district, were responsible for the various climate change phenomena, including rising temperatures, changes in rainfall patterns, storms, and droughts. Therefore, the District Assembly and traditional authorities should enact and enforced local rules and regulations aimed at stopping such practices. Again, the District Assembly and other actors should be encouraged intensify educational and awareness creation programs on the causes of climate change and the dangers that climate change can pose to livelihoods in the communities.

The farmers also highlighted the inadequate climate and weather information as one of the challenges in responding to extreme climate events. As a result, the study recommends that, extension organizations should collaborate with the Ghana Meteorological Agency to make available yearly climate and weather forecasts to farmers to help them in making their planting decisions. This implies that, the Ghana Meteorological Agency in the district through the extension organizations should ensure that, there is regular updates on weather and climate conditions and that, this information is made available to smallholder farmers through platforms such as local radio stations, community centers, etc., so that they can make effective use of this climate forecasts.
One of the major challenges that was reported by almost all the smallholder farmers was the poor financial strength to purchase improved farming inputs and improved planting materials necessary to adapt to climate change. It is therefore recommended that, agricultural extension organizations should work to connect smallholder farmers to rural banks and microcredit facilities as a way of improving their access to financial resources required for climate change adaptation. The government and other NGOs in extension service provision should also provide subsidies for farming inputs required to assist the smallholder farmers in their adaptation to climate change.  

The majority of the public extension agents also expressed dissatisfaction with the non-availability of transportation means to aid in regular visits to the farmers. MoFA should therefore work to equip their extension officers with the necessary resources and equipment to enable them discharge their task more smoothly and effectively. 
[bookmark: _Toc116359070]5.3 Conclusions 
Similar to other African nations, Ghana's smallholder farmers provide substantial contribution to the nation's food security. Estimates from MoFA (2011) show that, they constitute over 90% of agricultural land holding in Ghana and provide close to 80% of the country’s food needs.  However, climate change in recent years continues to threaten production in the agricultural sector since the agricultural sector of Ghana is primarily rain-fed, with smallholder farmers' livelihoods strongly reliant on the weather. To address to this dangers posed by climate change, the government of Ghana since the 1990s has integrated extension services as an integral part of MoFA’s operations, with the aim that, through technology transfer, rural extension services can aid in the country's efforts to achieve rural development, food security, and tackle environmental problems like climate change (MoFA., 2016). Sawla/Tuna/Kalba district is one of the agricultural areas of the country with a sizable population of smallholder farmers. The district, which is a significant crop-producing district nationwide, was ranked top in the Savannah Region for agricultural production (MoFA., 2014). 
However, extreme weather events caused by climate change have been adversely affecting agricultural activities within the district. The majority of these smallholder farmers have limited adaptive capacity, finance and technologies needed to respond to the dangers posed by climate change, therefore it was crucial to see how agricultural extension services have been helping the vulnerable smallholder farmers in the district adapt to climate change. To examine this, the research employed a concurrent triangulation mixed method design, which allowed for separate but concurrent collection of qualitative and quantitative data using questionnaires as well as interview guides. Because of the participants’ lower level of education, the data collections were largely on a face-to-face basis. The quantitative data was analyzed with the use of the Statistical Package for Social Sciences version 25, whereas the qualitative data analysis first involved transcription and later analyzed thematically using direct quotations and paraphrasing appropriately to cross validate the quantitative data.
The analysis of the results showed that, both extension agents and farmers in the district had good perceptions and appreciable level of awareness on climate change, especially its causes, effects, and available adaptation options (see Table 4.4 & 4.5). The smallholder farmers were also discovered to be responding to climate change and variability using a variety of self-initiated and externally supported adaptation measures. The most common strategies farmers used to adapt to the threats of climate change included the use of improved crop varieties, crop diversification practices, shifting planting dates/calendars and use of chemical fertilizers (see Table 4.8). The study also found that, despite the numerous challenges bedeviling the extension organizations, they still played crucial roles in supporting smallholder farmers in dealing with climate change. Some important roles included, transfer of appropriate technologies and innovations, supply of farming inputs, promoting improved farming practice (see Section 4.3.2). The results of this research are comparable to those of (Antwi-Agyei et al., 2014; Dapilah & Nielsen., 2020; Rademacher-Schulz & Mahama., 2012; Tambo., 2016).
From the study’s findings, it was clear that, the application of Rogers’s diffusion of innovation theory could improve understanding and adoption of improved agricultural technologies and information among smallholder farmers, since the process of adoption of improved farming practices were found to be influenced by certain conditions and characteristics in the study area.  In addition, the positive significance of weather and climate information to smallholder farmers as highlighted by the conceptual framework of the study should be emphasized as farmers reported a lack of information on climate and weather as one of the main barriers to climate change adaptation in the study area.
[bookmark: _Toc116359071]5.4 Limitations of the study
There are few challenges that the researcher encountered during the study particularly at the data collection stage. The researcher was especially challenged during the data collection process due to the inability to understand the language. Although this issue was resolved with the hiring of an interpreter, it came at a cost to the researcher financially. In addition, most of the respondents were reluctant to give out information for the reason that, they feel exploited all the time, as many researchers have collected data from them without any benefits to their lives. However, this limitation was also overcome through a series of explanations on the importance of such exercises.
[bookmark: _Toc116359072]5.5 Recommendation for future studies 
Future research can examine how access to agricultural extension services and adaptation to climate change differs by gender. Given that extension services have been proven very important and substantial investments made in extension provision, there is the need to know whether there is equal coverage and access among male and female farmers and how this inequality may affect technology adoption and climate change adaptation. However, similar studies to the current study can be replicated in other areas to have a more comprehensive idea on how agricultural extension services can influence climate change adaptation in rural farming communities of Ghana. 
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DEPARTMENT OF DEVELOPMENT STUDIES
SD-DOMBO UNIVERSITY FOR BUSINESS AND INTEGRATED DEVELOPMENT STUDIES
QUESTIONNAIRE ON THE ROLE OF CLIMATE SERVICES IN CLIMATE CHANGE ADAPTATION AMONG SMALLHOLDER FARMERS: A CASE OF AGRICULTURAL EXTENSION SERVICE DELIVERY IN SAWLA/TUNA/KALBA DISTRICT, GHANA.
QUESTIONNAIRE/ INTERVIEW GUIDE FOR SMALLHOLDER FARMERS
 Sir/Madam, I am Abdul-Rashid Adam, a student of SDD - UBIDS. I am conducting a survey on the subject above and this questionnaire therefore seeks your views to solicit information to write a thesis on the above subject. The information you provide is purposely for academic use. Thank You.
Reference Information
Name of Respondents……………………………  Mobile Number…………………………  Date of Interview …./…./2022                                 Name of Town/Village…………………
Section A. Demographic Information 
1) Age of respondent: … 
2) Gender of respondent:     (1). Male      (2). Female 
3) Education of respondent: (1). None (2). Primary Education (3). Middle/JSS (4). SSS/SHS (5). Tertiary 
4) Marital Status:  (1). Single     (2). Married     (3). Divorced/Separated       (4). Widowed 
5) Religion:   (1). Traditional religion   (2). Christian    (3). Muslim    (4). Other, specify………………… 
6) Ethnicity:  (1). Gonja   (2). Waala/Dagaati (3). Brifor (4).  Vagla (5). Akan (6). Dagomba (7). Other, specify…… 
7) Place of Origin of respondent: (1). Native     (2). Settler/Migrant    (3). Other, specify……………. 
8) Type of land ownership:   (1). Own land (purchased/Inherited)        (2). Rented      (3). Shared holding
9) How long have you been farming (farming experience)?
(1) Less than 1 year      (2) 1 to 5 years    (3) 6 to 10 years    (4) 11 to 20 years    (5) 21 to 30 years    (6) More than   30 years
10) What is the total farm size in hectares that you cultivate?
(1) Less than 0.5 ha    (2) 0.5 to 1 ha (3) 1 to 1.5 ha (4) 1.5 to < 2ha
11) Can you list some of the crops that you may be growing?
…………………………………………………………………………………………………
12) Do you farm for subsistence or commercial?    (1) Subsistence         (2) commercial
13) What are your major sources of information on climate-related issues? (you may tick more than one)
	Sources 
	Tick 

	Radio 
	

	Television 
	

	Colleague farmer 
	

	Internet Sources 
	

	Newspaper 
	

	Others specify ……….
	


14) What type of climate-related information do you get from these sources indicated above? Give examples.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
SECTION B: Perceptions of Smallholder Farmers on Climate Change
1) Have you heard about climate change? 
(1) Yes   (2) No (3) Not sure 
If no skip to next section 
2) Where have you heard about climate change? (you may choose more than one option) 
(1)Newspaper (2) Radio (3) Television (4) Internet (5) AEA (6) fellow farmers (7) other...........................
3) Do you know what climate change is?    (1) Yes           (2) No            (3) not sure 
4) If yes, what is climate change all about? (you may choose more than one option) 
(1) Increase in temperature (2) Erratic rainfall and drought (3) reduction in amount of rainfall received in a season (4) late or delay start of the rainy season (5) heavy storms and winds (6) unpredictable start of rainy season.  (7) Others specify……………………
5) What do you think are the causes of climate change? (you may choose more than one option)  
(1) High rate of deforestation for charcoal burning      (2) Low rate of afforestation (3) clearing  more land for farming and settlement       (4) Bush fires        (5) Punishment by God     (6) Burning of fossil fuels     (7) Industrialization (8) others specify………………….

6) Below are descriptions of climate change parameters. What are the changes that you have experienced or observed in at least the last 15-30 years? Check or tick in the box that corresponds to the parameter description and the change that has occurred
	Climate parameters 
	Increasing 
	Decreasing 
	No change 

	Rainfall 
	Length of rainy season
	
	
	

	
	Length of dry season
	
	
	

	
	Frequency of seasonal dry spells
	
	
	

	
	Annual rainfall amount
	
	
	

	Temperature 
	
	
	



7) Looking at the climate changes you have observed and experienced in question (6) above, do you
foresee them happening in the next ten years? (1) Yes    (2) No
 if yes, reason(s) for climate change to continue
(1) High rate of deforestation for charcoal burning     (2) Low rate of afforestation     (3)    Continued burning of fossil fuel       (4) clearing more land for farming and settlement      (5) Industrialization         (6) Bush Fires      (7)  others specify …………………………………
8) Do you think anything can be done to tackle climate change?     (1) Yes     (2) No    (3) Not sure 
9) If yes, what are some of the measures that can be done to tackle climate change? (you may choose more than one option) 
(1) Planting more trees    (2) Stopping deforestation (3) Stopping bush fires  (4)Walking and cycling      (4) Using the public transport   (5) Switching off electric appliance,  not in use  (6) others please specify ……………………………
SECTION C: Effects of Climate Change on Livelihoods (Agricultural Activities)  
1) Have you personally been affected by any extreme climate events (e.g., strong winds, heavy rainfall, flood, drought, etc.)?             (1) Yes           (2) No              (3) Don’t know 
If yes, what was the event?............................................................................................ 
2)  If answered yes to question 1, how has it affected your farming activities? Please Explain …………………………………………………………………………………………………………….………………………………………………………………………………………………………………..……………………………………………………………………………………………………………………………………………………………
3) The following is a list of some of the effects or impacts of climate change you may have experienced or observed in the district. Please tick the effects or impacts you may have experienced or observed (please tick all that apply)  
	Effects / impacts of climate change
	Tick 

	1. Decreased soil fertility
	

	2. Reduction in crop yields
	

	3. Drying of crops from intense heat
	

	4. Drying up of rivers and streams meant as source of water for Irrigation
	

	5. Destruction crops following flooding 
	

	6. Increased Food insecurity
	

	7. Inadequate water supply for humans use and livestock
	

	8. Increased postharvest losses of crops
	

	9. Intensive growth of weeds
	

	10. Increase outbreak of pests and diseases for crops and livestock
	

	Others specify 
	



4) Which of the climatic events (drought, floods, storms etc.) will you say is the cause of the effects/impacts you have indicated above? ……………………………………………………..
5) Do you think climate changes affect some people in your community more than others?                            	(1)Yes        (2) No           	(3) do not know 
If	yes	explain …………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Section D: Adaptation Strategies by Smallholder Farmers 
1) Which of the following adaptation strategies do you use and how effective is it for you? (you may chose more than one) 
	Adaptation strategies 
	Tick 

	Use of chemical fertilizers
	

	Crop diversification practices (mixed cropping, crop rotation etc.)
	

	Use of improved crop variety (drought resistant, early maturing, high yielding etc.)
	

	Shifting planting date/calendars
	

	Use of Mulching and cover cropping
	

	Rearing animal breeds that are drought and disease tolerant
	

	Use of agro-forestry and tree planting practices
	

	Use of irrigation methods
	

	Use of inorganic fertilizers
	

	Planting in row
	

	Processing of crops to reduce postharvest losses
	

	No adaptation at all
	

	Other
	



Section D: Smallholder farmers Perceptions on Agricultural Extension Services (AES)
1. What is your understanding of Agricultural Extension Services (AES)?
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2. What were your initial perceptions on Agricultural extension services?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………
      2b. Has your perceptions on Agricultural extension services changed over the years? 
(1) Yes                   (2) No          (3) Not Sure.
3. Do you believe AES are important to your adaptation/resilience to climate change?                     	(1) Yes                (2) No            (3) Not sure 


4. Please indicate how much you agree or disagree with the following general statements by checking or ticking one box in each row. Use a Likert scale of 5=strongly agree; 4=agree; 3=disagree; 2=strongly   disagree; and 1= don’t know
	The role of Agricultural Extension is to:
	1
	2
	3
	4
	5

	1. Conduct awareness meetings with smallholder farmers to sensitize
them on climate change management.
	
	
	
	
	

	2. Conduct field days to publicize new and improved technologies of
crops, livestock that are drought and disease resistant.
	
	
	
	
	

	3. Conduct demonstrations in order to train smallholder farmers on new
knowledge and skills on climate change adaptation technologies.
	
	
	
	
	

	4. Use farmer to farmer extension method to promote awareness and
adoption of best practices in climate change adaptation.
	
	
	
	
	

	5. Train smallholder farmers on proper food storage, processing and
utilization to increase shelf life and reduce postharvest losses.
	
	
	
	
	

	6. Disseminate information on weather forecast and early warnings to
smallholder farmers for better planning
	
	
	
	
	

	7. Use farmer field schools for training smallholder farmers on the
available adaptation options that can suit local conditions
	
	
	
	
	

	8. Link smallholder farmers to agricultural research institutions for on-farm
adaptive research on promising best practices for climate
change adaptation in a variety of farming systems.
	
	
	
	
	

	9. Build capacity and create awareness to its extension staff on climate
change so that they have knowledge and skills to promote adaptation
interventions.
	
	
	
	
	

	10. Use information communication technologies (ICTs) such as the
radio and cell phones to create awareness among smallholder famers
on climate change issues and adaptation options.
	
	
	
	
	



5) Are you aware of the presence of extension officers in the district?      (1) Yes           (2) No 
 If yes, are they government or NGO extension officers?     (1) Government        (2) NGO 
6) If NGOs, can you list some them 
……………………………………………………………………………………………………………………………………………………………………………………………………

Section F: Farmers’ Access to Extension Service
1) Do you have access to extension services?
(1)  Yes            (2) No 
2) Do you know your extension officer?     (1) Yes              (2) No 
3) Does the extension officers visits your field?     (1)Yes           (2) No 
4) How often do extension officers visit your community? 
(1) Monthly      (2) once every three months  (4) Once a year       (5) Never 
5) What kind of agricultural extension services do you receive from agricultural extension agents in your community? 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
       6) Do you think your socio-economic conditions has changed over the years?
   (1) Yes             (2) No           (3) Not Sure    (Skip to next question if no)
If yes, do you think the changes in your socio-economic conditions has improve your access to extension services?
(1) Yes        (2) No    
Please explain your response ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
7) How would you rate the efficiency and performance of extension agents you have had contact with? 
    (1) Excellent  	(2) Good    (3) Fair  	(4) Average   (5) Below Average

Section F:  Meeting Attendance
1) How does the A.E.A meet you?       (1) At the extension office     (2) At group meetings   (3) as an individual on my farm       (4) As an individual in my house        (5) other, specify......................
NB if not in group, then move to next section. 
2) If you meet in groups, do the groups         (1) Already exist     (2) formed by the A.E.A 
3) Are you able to attend group meetings when the A.E.A comes?
(1)Yes                 (2) No            If yes, skip to Q7.
4) If no, is there any reason why you do not attend meetings
(1)Wrong meeting schedule            (2) Time constraints               (2) Programme topics not interesting
(3)Content of programme not clear  (4) Unpleasant experience in the past with extension 
(5)My problems and extension message/ innovation are not related     (6) Extension officers lack expertise  and experience     (7) I am satisfied with my present situation     (8) Late invitation      (9). Other specify…….
5)  If the time is not convenient, what are you usually doing at that time?
(1) Working on the farm   (2) attending to domestic chores    (3) stone quarrying   (4) Other, specify 
6)  What time is convenient to you?.............................................................................
7)  At what times are meetings usually held? (1) Morning (2) afternoon (3) Evening (4) anytime (5) I don’t know (6) other, specify........
8)  What area does the information you receive from the A.E.A cover?
(1) Crops                         (2) animals                   (3) both                       (4) other specify

Section H: Extension, Technology Transfer and Climate Change Adaptation  
1) Do you believe Agricultural Extension Services has influence your response/adaptation to climate change?      	(1)Yes         (2) No           (3) not sure 
2) If yes, how have they influence your response/adaptation to climate change. 	   …………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………
3) Did you receive agricultural technology/innovations from any extension organization in the past five  years ?         (1) Yes                 (2) No
4) If yes to 3. Indicate frequency of technology/innovation transfer? Tick only one 
(1) Once a month  (2) Once in two months  (3) Once in three months  (4) Once in a year 

5)  Which extension organization transferred the technology/innovation to you? Tick all that apply 
(1) Ministry of Food and Agriculture (MOFA)      (2) NGOs        (3) Others specify……… 

6)  What cropping production technologies and practices were you using before coming into contact with AEAs.
Please list them 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
7) In the face of climate change, what crop production technologies and practices do extension organization(s) transfer to you? 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
8) What livestock production technologies and practices were you using before coming into contact with AES.       Please list them 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
9) In the face of climate change, what livestock production technologies and practices do extension organization(s) transfer to you? 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
10) How effective do you practice the technology(s) you receive? Tick only one                                                        	(1) Very ineffective              (2)   Ineffective       (3) Effective         (4) Very effective 
11) What would you say is the contribution of the technology(s) and CSA practices received to your  	farming? Tick all that apply    
     (1) Increased yield              (2) Increased social status                 (3) Increased income (4) Increase farm size   (5) changed to improved planting materials.     (6)  Others specify 
12) Do you think your farming practices have changed since you begin accessing Agricultural Extension Services?            (1) Yes                  (2) no                     (3) don’t know
If yes, please explain these changes 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………...................................................................................................................
13) Have this changes improve your resilience to climate change?     (1) Yes     (2) No
If yes, explain ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
14)  Do you think that this changes and transferred innovations from AEA will be sustainable?
(1) Yes                (2) No 
Why	do	you	think	so?	………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………......................................................................................................................................................................................................................
15) If no what measures do you think can be taken to ensure their sustainability
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
16) Aside Agricultural Extension agents who do you consult when you need advice about your farming practice?.
(1) Other farmer      (2). Farmer association    (3). Opinion leaders   (4). Other (specify). 
Section H: Approach Use by Extension Agents to Disseminate Information
3. Which type or types of extension approach do AEAs use for disseminating improved technologies and     CSA practices to you?
	Number 
	Method 
	Tick 

	
	General or Mass Extension
	

	
	Training & Visit
	

	
	Commodity Specialized Extension
	

	
	Farmer Field school 
	

	
	Cost Sharing
	

	
	Participatory Extension
	

	
	Field days 
	

	
	Other specify ………………………………………………………………………………..
	



2) How satisfied are you with the quantity and quality of information you received through this means?
(1) Very satisfied              (2) satisfied             (3) somewhat satisfied                  (4) not satisfied
Section I: Challenges in Accessing AES and Suggested Solutions.  
1)  Do certain factors impede you from accessing extension services from the government extension officers or NGOs?         (1) Yes                  (2) No 
2)  If No, why……………………………………………………………………………………..
…………………………………………………………………………………………
3)  If Yes, please list the challenges you encounter in accessing extension services. 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
4)  Please list the solutions to the above challenges you have identified. 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
5) What suggestions will you give for the improvement of extension services delivery in your community? 
……………………………………………………………………………………………………………………………………………………………………………………….…………………………………….……………………………………………………………………………………………………………………………………………………………………………
6)  What do you recommend to be done that will enhance your fight/resilience towards climate change? Comment freely. ……………………………………………………………………………………………………………………………………………………………………………………………………










[bookmark: _Toc116359075]Appendix B: Questionnaire for agricultural extension agents (AEAs)
DEPARTMENT OF DEVELOPMENT STUDIES
SD-DOMBO UNIVERSITY FOR BUSINESS AND INTEGRATED DEVELOPMENT STUDIES
QUESTIONNAIRE ON THE ROLE OF CLIMATE SERVICES IN CLIMATE CHANGE ADAPTATION AMONG SMALLHOLDER FARMERS: A CASE OF AGRICULTURAL EXTENSION SERVICE DELIVERY IN SAWLA/TUNA/KALBA DISTRICT, GHANA
QUESTIONNAIRE FOR AGRICULTURAL EXTENSION AGENTS (AEAs)
 Sir/Madam, I am Abdul-Rashid Adam, a student of SDD - UBIDS. I am conducting a survey on the subject above and this questionnaire therefore seeks your views to solicit information to write a thesis on the above subject. The information you provide is purposely for academic use. Thank You.

(Tick the Appropriate Option/ Options or Write the Response where Applicable at the Space Provided) 
Name of respondent …………………………………………………………………………… 
Name of District & Zone ……………………………………………………………….......... 
Date of interview ………………………………………………………………………………. 
Telephone number………………………………… ……………………………………….. 
Section A: Background Information
1) Sex       (1) Male      (2) Female  
2) Age...................
3) Educational background: State highest level
(1) Certificate in Agriculture (2) Diploma in Agriculture    (3) B.Sc in Agriculture     (4) Other,   	Specify.........................
4) State your present position in the Extension Service..................
5) Indicate your Operational Area........................................
6) How long have you been in the present operational area…………………………...
7) Do you stay in the operational area?    (1) Yes        (2) No
8) If no, state where.......................................................................................................
9) How many villages are under your operational area?............
10) About how many farmers are you in contact with in the operational area ………………………..
11) How often do you visit your communities? 
(1) Weekly          (2) monthly       (3) once every Month (4) Once a year       (5) Never (6) others ……………
12) During the last farming season how many times did you provide information regarding CSA practices to your farmers. ……………………………………………  
13) What are the total numbers of estimated trained extension field staffs (EFS) and those currently employed for extension activities in your district?
 Estimated field staff………….   (2) Available field staff………………………….
14) Which of the following media do you use to disseminate information to the farmers?
(1) Radios    (2)   Drama     (3)  Newspaper  (4) ICT/Internet    (5) Television   (6)  others. Specify ………………
SECTION B: Perceptions of Extension officers on Climate Change and Its Impacts
10) Do you know what climate change is?    (1) Yes           (2) No            (3) not sure 
11) If yes, what is climate change all about? (you may choose more than one option) 
(1) Increase in temperature  (2) Erratic rainfall and drought (3) reduction in amount of rainfall received in a season (4) late or delay start of the rainy season  (5) heavy storms and winds (6) unpredictable start of rainy season.  (7) others specify……………………
12) What do you think are the causes of climate change? (you may choose more than one option) 
(1) High rate of deforestation for charcoal burning,    (2) Low rate of afforestation (3)clearing  more land for farming and settlement       (4) Bush fires        (5) Punishment by God     (6) Burning of fossil fuels     (7) Industrialization (8) others specify………………….
13) Below are descriptions of climate change parameters. What are the changes that you have experienced or observed in at least the last 15-30 years? Check or tick in the box that corresponds to the parameter description and the change that has occurred
	Climate parameters 
	Increasing 
	Decreasing 
	No change 

	Rainfall 
	Length of rainy season
	
	
	

	
	Length of dry season
	
	
	

	
	Frequency of seasonal dry spells
	
	
	

	
	Annual rainfall amount
	
	
	

	Temperature 
	
	
	



14) Do you think anything can be done to tackle climate change?     (1) Yes     (2) No    (3) Not sure 
15) If yes, what are some of the measures that can be done to tackle climate change? (you may choose more than one option) 
(1) Planting more trees    (2) stopping deforestation     (3) stopping bush burning (4) Walking and cycling      (5) Using the public transport   (6) Switching off electric appliance, not in use   (7) others please specify ……………………………
16) What do you think are some the effects/impacts of climate change on agricultural activities in the district?
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
17) Can list some of the adaptation strategies used by farmers in the district 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
18) Can you list some of the adaptation strategies you have introduced to farmers to improve their resilience?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
19) Will you say the strategies you have introduced have been providing positive results?                                     	(1)Yes     (2) No    	(3) Not sure 
Why or	why not, please	explain	your	response ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
20) Do you think climate changes affect some people in your district more than others?                            	(1)Yes        (2) No          (3) do not know 
If	yes	explain …………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Section C: Role of Agricultural Extension Services
1) Do think the farmers appreciate extension services as a means to climate change resilience/adaptation? 
	(1) Yes           (2) No            (3) Not Sure
2) Can you list some of the important roles you play in influencing climate change adaptation in your operational area?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….………………………………………………………………………………………………………………………………………
3) Do you believe you are well equipped to play this roles   (1) Yes        (2) No
IF No, please	state your	reasons …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
4) How have the extension services provided to the farmers improve their resilience/adaptation to climate change? 
…………………………………………………………………………………………...……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
5) Generally, how would you rate the interaction and co-operation between you and the farmers in the delivery of your services?
(1)Excellent          (2) Good          (3) Fair 	(4) Average   (5) Below Average










Section D: Agricultural Technology Dissemination to the Farmers 

1) What kind(s) of extension services do you deliver to the farmers in the face of climate?
	Number 
	Kind of extension services 
	Tick 

	
	Climate-related service (weather and climate information)
	

	
	Climate adaptation services (CSA) (improved crop varieties, fertilizer application, planting dates, soil and water conservation, innovations etc.) 
	

	
	Production service
	

	
	Credit service
	

	
	Processing of agricultural produces
	

	
	Access to Market & Input
	

	
	Others: 
	




   5). Which type or types of extension approach do you use for technology dissemination to the farmers 	and the estimated percentage of farmers’ participation?
	Number 
	Method 
	% Farmer participation 
	Tick 

	
	General or Mass Extension
	
	

	
	Training & Visit
	
	

	
	Commodity Specialized Extension
	
	

	
	Farming System Research/Extension
	
	

	
	Cost Sharing
	
	

	
	Participatory Extension
	
	

	
	Project
	
	

	
	Other specify 
	
	



b) Which of the methods do you think have not worked well with farmers? …………………………………………….
   6). Do you use any indigenous extension strategy to disseminate agricultural information to the farmers?              	(1) Yes           (2) No  






    7). If Yes, state these strategies and the estimated percentage of farmers’ participation
	Number
	Indigenous Extension strategy 

	% of farmers participation 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



8) What are some of the obstacles to agricultural technology transfer to the farmers in your operational zone? …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………....................................................... 
9) How do you measure the progress of your clients with regard to the extension services provided to them towards climate change adaptation? 
  (1) Change in farm output of clients   (2) Expansion of clients farms   (3) use of improve farm      	practices      (4) increase in incomes     (5) Others (specify) …………………………………………
11) Do you work with other organizations in the provision of extension services?
    (1)Yes               (2) No
12) If the answer is yes, who are these organizations?
a………………………………b……………….…………………c……………..………………………………………………………………………
Section E: Extension, Technology Transfer and Climate Change Adaptation
1) Can you list some of the farming/production technologies (practices) farmer were using before coming into contact with your organization.
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
2) What farming/production technologies (practices) have your extension organization transferred/introduced to the farmers in the face of climate change? Tick all that apply 
	Farming technologies 
	Tick 

	Compost making
	

	Improved planting materials. Examples …………………………………….
	

	New methods of farming. Example …………………………………………
	

	Use of agro-chemicals (Herbicides, pesticides and weedicides)
	

	Storage
	

	Fertilizer use
	

	Pest and disease control
	

	Soil fertility management techniques and application
	

	Livestock disease treatment and control
	

	Crop disease treatment and control
	

	Introduction of new animal vaccines and drugs
	

	Land preparation
	

	Introduction of improved seedlings
	

	Soil and water conservation 
	

	Others specify ……………………………………………………………………..
	



3) What changes have taken place in the farming practices of these farmers as a result of the technologies (practices) you have introduced? Tick all that apply 
     (1) Increased yield              (2) Increased social status                 (3) Increased income  (4)increase farm size   (5) changed to improved planting materials.     (6)  Others specify 

4) Do you think farming practices have changed among farmers since you begin working with them?      	(1) Yes           (2) No                 (3)  Don’t know
If yes, Please	explain	this	changes ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
5) If yes to question 4, do you believe this changes have improve farmers’ resilience to climate change?     	(1)Yes                    (2) No           (3) Not sure
If	yes	how? …………………………………………………………………………………………………............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
6) Do you think that this this changes and transferred innovations (technologies) will be sustainable?   	 	(1) Yes      (2) No
Why or why not, please explain your response ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
7) If no, what measures do you think can be taken to ensure they are sustainable? ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


Section F: Challenges in Accessing AES and Suggested Solutions
1) Do you think certain factors impede farmers from accessing extension services from your organization?         (1) Yes                  (2) No 
2) If	No,	why    …………………………………………………………………………………………………………………………………………………………………………………………………………………………
3) If yes, please list the challenges you know they encounter in accessing extension services. 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
4)  Please list the solutions to the above challenges you have identified. 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
5) Can you identify some of the major challenges affecting the smooth delivery of extension services in the district?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
6) Suggest some measures that could be taken to improve upon agricultural extension services delivery in the district. 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….
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A picture of ‘pito mash’ mixed with spear grass and water. This is one of the indigenous pesticides the farmers use to keep pests away from crop.
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The ‘pito mash’ mixed spear grass and water will now be sprayed on crops or sprinkled on seeds with the spear grass. Because of the poisonous nature of the spear grass, pests and insects will not come closer the crops or seeds.
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A picture of a farmer demonstrating how the substance is sprinkled on the seeds with the spear grass to keep insects and pests away.
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However, this indigenous practice is now fading away following the exposure of farmers to pesticides and weedicide by AEAs.
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This flower/Grass in the picture is one of the indigenous weather forecasting indicators. According to the farmers, the emergence of the flower can be used to predict the coming of the rain and when to start their farming activities. 
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This is the same picture as the one next to it to the left. The farmers and extension agents however noted that, this indigenous indicators are now fading as farmers now rely on AEAs for scientific weather forecast. 
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A picture of a farmer showing animals that are tolerant to climate changes
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A picture of a farmer showing animals that are tolerant to climate changes






Percentage	
Commercial	Subsistence	0.107	0.89300000000000002	Frequency	
Commercial	Subsistence	16	134	

Percentage	
Increasing	Decreasing	No change	0.06	0.90700000000000003	3.3000000000000002E-2	Frequency	
Increasing	Decreasing	No change	9	136	5	


Percentage	
Increasing	Decreasing	No change	0.84699999999999998	0.04	0.113	Frequency	
Increasing	Decreasing	No change	127	6	17	


Percentage	
Increasing	Decreasing	No change	0.82	7.2999999999999995E-2	0.107	Frequency	
Increasing	Decreasing	No change	123	11	16	


Percentage	
Increasing	Decreasing	No change	5.2999999999999999E-2	0.84699999999999998	0.1	Frequency	
Increasing	Decreasing	No change	8	127	15	


Percentage	
Increasing	Decreasing	No change	0.88	7.2999999999999995E-2	4.7E-2	Frequency	
Increasing	Decreasing	No change	132	11	7	


Percentage	
Yes	No	Unsure 	0.8	0.153	4.7E-2	Frequency	
Yes	No	Unsure 	120	23	7	


Percentage 	
Yes	No 	0.625	0.375	Frequency 	
Yes	No 	70	42	

Percentage 	
No 	Yes	0.72299999999999998	0.27700000000000002	Frequency 	
No 	Yes	81	31	
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